Mr. John T. Goodwin
(President 1927-28.)

Mr. Goodwin, who for the last 20 years has been
general manager of the foundries and engineering
departments of the Sheepbridge Coal & Iron Com-
pany, Limited, of Chesterfield, was trained originally
at the Butterley Works. After spending some time
on the North-East Coast he returned to Derbyshire to
take up his present position. During the war he
erected a factory for the complete manufacture of
shells for the Admiralty up to 15 ins. diameter. He
was at that time Captain of the Northern Command
of the Derbyshire Motor Transport Corps, and in
recognition of his services he received the M.B.E.
He has been a member of the Institute 6ince 1905.
He is also a member of the Institution of Mechanical
Engineers, the Iron and Steel Institute, and the
Institute of Metals. He has read several papers
before the Institute.
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AWARDS 1926-1927.

THE “OLIVER STUBBS " GOLD MEDAL

1927 Award to PROFESSOR THOMAS TURNER, M.Sc,,
Emeritus Professor of the University of Birmingham,

“for long and distinguished services to Metallurgy and to
the Institute.”

DIPLOMAS OF THE INSTITUTE
were awarded as follows

H C. DEWS, for his Paper on *“ Contraction in Alloy
Casting,” given before the London Branch.

J. W. DONALDSON, for his Paper on “ The Heat Treatment
and Growth of Cast lIron,” given before the Lancashire
Branch

H. V. GRUNDY and A. PHILLIPS, for their Paper on
“ Refractories in the Foundry,” given before the
Lancashire Branch.

J. E. HURST, for his Paper on “ Thelnfluence of Sulphur
in Cast Iron,” withits special relation to the mechanical
properties of cast iron, given before the Sheffield Branch.

W. J. MOLINEUX, for his Paper on “ The Manufacture of
Iron Castings for Petrol Engines,” given before the
Newcastle Branch.

A. E. PEACE, for his Paper on “ A Comparison of White-
heart and Blackheart Malleable Cast lron,” given before
mthe East Midlands Branch.

Il. FIELD, for,his Paper on “ Some Experiences in the
Production of Malleable Castings,” given before the
Birmingham Branch.






CONTENTS.

Annual Conference in Sheffield —

Annual Report and Balance Sheet..... 6
Election of Officers 14
Presidential Address 19
Annual ‘Convention Dinner 28

Papers Read at Sheffield Conference
The Properties of Coke Affecting the Cupola Melting

of Steel; by J. T. MacKenzie .. 46
The Importance of Air Control in Efficient Cupola
Practice; by P. H. Wilson, M.I.Mech.E.....cccccounnenn 57
Discussion 87
Stresses in Non-Ferrous Castings; by Prof. C. H.
Desch, D.Sc., F.R.S 106
Discussion 116

Note on the Manufacture of Steam Cylinders for
Locomotives and Piston Rings by the Paris-Orleans
Railway Company; by L. Audo, Ingenieur des Arts
et, M etiers ... 125

Discussion 150

On the Effect of Nickel and Chromium on the Strength
Properties Of Grey Cast Iron; by Prof. E.

Piwowarsky, Dr.Eng 166
The Strength of Cast Iron; by J. E. Fletcher

M.l1.Mech.E. 188
Discussion 214
The Manufacture of a Large Steel Casting; by F. A.

Melmoth and T. W. BrowW N .. 232
Discussion 258

The Influence of Manganese and Manganese Sulphide
on Whiteheart Malleable; by E. R. Taylor, A.R.S.M.,
D.I.C., F.I.C ..267
Discussion 286

Papers Delivered before the Brauich Meetings of
the Institute

Early History of the |Institute; by F. J. Cook,

M.I.Mech.E. . - 291
Discussion 302
The Present State of our Industry (Presidentia

Address, London BranOh); by R. J.Shaw .. ..307
Discussion 315
A Comparison of Whiteheart and Blackheart Malle-

able Cast Irons; by A. E. Peace . 327
Discussion 338
Aluminium Alloys; by H. Hyman,Ph.D., B.Sc. .. 350
Discussion . mm 362
Wasters; by J. J. McClelland, M.I.Mech.E....ccccounrren 367
Discussion 375
Non-Ferrous Foundry Practice; by A.Logan .. ..378
Discussion 392
Contraction in Alloy Castings; by H.C. Dews .. ..395
Discussion 412

The Manufacture of Iron Castings for Petrol Engines;
by W. J. Molyneux
Discussion 458




The Sand Problem; by A. L0gan .. 463
Semi-Steel; by J. E. HUISt . 482
Discussion 494

The Influence of Sulphur in Cast Iron;by J. E. Hurst 497
The Heat Treatment and Growth of Castlron; by

J. W. Donaldson, B.Sc., A.l.C....iriiiniccns 513
Discussion 531
American Foundry Practice; by W. Jolley .. ..544
Discussion 557
Some Experiences with Malleable Cast Iron; by H.

Field 564
Discussion 594
Oil Sand and Motor Castings; by W. West and W.

A ston 597
Discussion 612
Runners, Risers and Gates; by J. Butterworth .. .. 619
Discussion 634
Some Aspects of Foundry Work; byE. Longden .. 640
Patterns and their Storage; by F. J. Cook .. ..674
Discussion 686

List op Members 689
Name Index _ 773

Subject In d e x 778



The Institute of
British Foundrymen

ANNUAL CONFERENCE
HELD IN SHEFFIELD.

July 5, 6, 7 and 8, 1927.

The twenty-fourth annual meeting and confer-
ence of the Institute of British Foundrymen was
held in Sheffield from Tuesday to Friday, July 5
to 8, under the presidency of Mr. J. T. Goodwin,
M.B.E., M.l.Mlech.E., of the Slieepbridge Coal
and Iron Company, Limited There were present
more than 300 members and visitors, the latter
including representatives of foundrymen’s associa-
tions in foreign countries, and many ladies. An
excellent programme was provided for their
instruction and enjoyment, which included the
reading and discussion of papers, visits to works
and social functions, and, as usual, a feature of
the programme was the excellent manner in
which the interests of the ladies were catered for.

TUESDAY, JULY 5.

On Tuesday evening the members and visitors
attended a reception at the Cutlers’ Hall, at the
invitation of the Master and Mistress Cutler (Mr.
and Mrs. David Flather), and spent an enjoyable
evening renewing old friendships and making new
ones. Dancing was also a feature of the evening’s
programme.

WEDNESDAY, JULY 6.

Thanks to the courtesy of the Sheffield Univer-
sity authorities, the meetings were held in the
Mappin Hall at the Department of Applied
Science, at St. Georges’ Square, and the mem-
bers assembled - there on Wednesday morning,
when a cordial welcome was extended to them on
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behalf of the city and of the University by the
Lord Mayor (Alderman J. G. Graves, J.P.), and
the Vice-Chancellor of the University (Sir Henry
Hadow, C.B.E., M.A., D.Mus.,, LL.D., J.P)
respectively.

Me. V. C. Faulkner (the retiring president)
occupied the chair during the early proceedings,
and the duty of introducing the Lord Mayor and
the Vice-Chancellor devolved upon him. It gave
him very great pleasure, he said, to speak in that
hall, where he had made, perhaps, his first speech
to a metallurgical audience, some twenty years
ago, and it was with a feeling of personal
satisfaction that he found himself in his
present position, addressing a national and
even an international audience of foundry-
men. In asking the Lord Mayor to address
the meeting, he said he would Ilike him to
know that the audience, while cognisant
of, and grateful for, the wonderful facili-
ties which were provided by the City of
Sheffield—of which the Lord Mayor was so dis-
tinguished a head—in the way of transport,
sanitary and other services, which services were
so very efficient, they did view with alarm the
cost which those facilities imposed upon their
industry. It was said that the rates of Sheffield
were costing the steel industry something like
10s. per ton, as against a very few shillings per
ton in pre-war days. Speaking of the industrial
importance of Sheffield, he said that not only was
it a great iron founding centre, but it was also a
very important steel founding centre—actually the
most important in Europe. The non-ferrous
foundry industry, however, was ‘but- sparsely
represented in this great city.

The Lord Mayor said he accepted Mr.
Faulkner’s invitation with very great pleasure
indeed, for he felt particularlv proud to act upon
this occasion as the spokesman of the city. He
always felt that he had the whole of the citizens
of this .great community behind him when offer-
ing a welcome to visitors, may be to strangers, to
the city. They did feel very proud indeed that
the Institute had chosen Sheffield as the venue
for its conference; he was sure that the conference
would be very successful and very pleasant, and
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hoped tliat the members of the Institute and the
visitors would learn much of the great resources
of the city, that they would cement old friend-
ships and form new ones, that they would find
fresh interests while in Sheffield, and that they
would see a good deal of its beautiful surround-
ings. Mr. Faulkner had rather put the wind
up him by his abrupt and unexpected reference
to realities. Wise Lord Mayors restricted their
speeches on these occasions as far as possible to
pleasant generalities, and occasionally indulged in
platitudes, but they made as little' reference to
rates as they possibly could. Therefore, he would
get over that point as quickly as possible.
(Laughter.) Finally, he expressed the hope that
he might have many opportunities of meeting
other members of the conference, that their con-
tact might be extremely pleasant to them all, and
that they would carry away from the city very
pleasant recollections of the nineteen twenty-seven
conference.

Mb. Fautkner, inviting the Vice-Chancellor to
address the conference, said that foundrymen
throughout the world were deeply indebted to the
University of Sheffield for the character of the
men it had turned out, and also for the uniform
excellence of the researches, the results of
which it had placed at the disposal of
the metallurgical world. The members of the
Institute of British Foundrymen appreciated
very highly the wonderful research work
which was turnecl out under the @egis of
their esteemed fellow member, Professor C. FT.
Desch  (Professor of Metallurgy at the Univer-
sity). He (Mr. Faulkner) knew the Depart-
ment perhaps aswell as anybody; he was one
of the students there when it was turned into
a University, and he assured the Vice-Chancellor
that he had never lost his interest in the work of
that Department, which was still recognised as
the centre of steel thought throughout the whole
world.

Sib Henby Hadow, in his welcome to the mem-
bers, said it always gave him great pleasure, as a
representative of the University, to stand on a
public platform with his very good friend, and,
if he might say so, his colleague, the Lord Mayor,

b 2



who represented the City; he was very glad to
see representatives of the City and the Univer-
sity side by side on any public platform. 1he
Institute of British Foundrymen, he continued,
was specially connected with the University. lor
one thing, one of the founders of the Institute
was Dr. P. Longmuir, whom the University was
proud to number among its Graduates. for
another thing, one of the chief branches of the
Institute was at Glasgow and another was at
Sheffield, and if one added the three words
“ Glasgow,” “ Sheffield” and “ Metallurgy”
together, the sum total was “ Prof. Desch.”
Again, the Institute had had very great success;
its President, Mr. Faulkner, was a member of the
University, and a member whose career was
watched with very great interest and pride.
The University authorities congratulated him
upon his year of office, and they wished all success
to Mr. Goodwin; they welcomed the Institute
particularly because they were always very glad
to see institutes which had a great scientific back-
ground and a scientific basis, and because the
science of the Institute was one with which the
University and the Applied Science Department
were specially and intimately concerned. He
hoped the visit would be pleasant and profitable,
and assured the members that if the University
authorities could do anything to aid the confer-
ence or make the business more pleasant, they
would do their utmost. All the services at the
University were at the disposal of the Institute.

Presentation of “ Oliver Stubbs” Gold Medal.

The * Oliver Stubbs ” Gold Medal, which is
provided from funds supplied by the Iron Found-
ing Employers’ Federation, and awarded each year
for distinguished services to iron founding and
to the Institute, was presented by the Lord
Mayor to Professor T. Turner (E'meritus Professor
of Metallurgy at Birmingham University, and a
Past-President of the Institute of Metals).

Mu. Faulkner said that iron founders in par-
ticular were indebted to Professor Turner because
he had shown the world how silicon influenced the
general structure of cast iron. His research,
which was done many years ago, had had an



enormous influence on every foundry. There were
some 3,000 iron foundries in Great Britain and
probably 20,000 throughout the world, and they
all used the results of the research of Professor
Turner—some unwittingly and some knowingly.

Professor Turner, returning thanks, said he
had worked for many years in connection with the
foundry in various ways, he had formed many
friendships and had had many interests; the medal
would be a lasting connection and a remembrance
to him and his family of Work which had been a
pleasure whilst it was being performed, and which
he trusted had been of some use to others.

Presentation to Mr. John Shaw.

A handsome hall clock was presented to Mr.
John Shaw (late manager of the foundry of the
Brightside Foundry & Engineering Company, of
Sheffield, and who recently retired) by members of
the Sheffield Branch and other members of the
Institute in recognition of his services to foun-
drymen. It was intimated by Mr. Faulkner that
Mr. Shaw had had a very long and distinguished
career, and had placed his experience most gener-
ously at the service of foundrymen. During the
war he was Controller of Cast Iron at the Minis-
try of Munitions, and in that capacity had shown
a very clear sense of what was just and equitable
for the founders.

(The clock, which stood about 5 ft. 6 in. high,
was inscribed:—*“ Presented to Mr. John Shaw hy
members of the Sheffield Branch and other mem-
bers of the Institute of British Foundrymen in
recognition of his eminent services to the Insti-
tute. Sheffield Convention, 1927.”)

Mr. Shaw, in expressing his appreciation of the
gift, which was a complete surprise to him,
generously remarked that anything he had done
had been for his own good as well as for the good
of the Institute; he owed practically everything
to the friendships he had made in the Institute.
He also acknowledged the cordial relations which
had always existed between himself and his col-
leagues, and in this connection he mentioned
specially Prof. C. H. Desch, Dr. W. H. Hatfield
and Dr. T. Swinden. He thanked them all for
the help they had extended to him at all times.
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Vote of Thanks to Lord Mayor and Vice-Chancellor.

Mr. Faulkner proposed a hearty vote of thanks
to the Lord Mayor and Sir Henry Hadow for the
charming welcome they had extended to the
members, and expressed appreciation of the kind-
ness of the University authorities in placing the
facilities of the University at the disposal of the
Institute. He hoped that as the result of the
Conference the foundry owners, managers and
employees throughout Great Britain would learn
to know and appreciate Sheffield and its Univer-
sity much better than they had done in the past,
although he appreciated, of course, that their
reputation was very high throughout the whole
metallurgical world.

The vote of thanks was accorded with acclama-
tion, and the Lord Mayor and Vice-Chancellor
withdrew.

Annual General Meeting.

The business of the annual general meeting of
the Institute was then proceeded with. The
miinutes of the last annual general meeting were
taken as read, and were confirmed and signed and
the Annual Report submitted.

Annual Report of the General Council for the
Session, 1926-27.

The General Council has pleasure in presenting
to the Members of the Institute the Report of
the work during the Session 1926-27.

The total number of members on the roll of
the Institute on April 30 was 1636. The Council
regret to announce the death of 14 members dur-
ing the year. The distribution of the membership
among the various branches is shown in the
table on page 7.

The new branch which was opened at Middles-
brough during the spring of last year has now
completed a very successful first session and is
still adding to its membership.

Junior Sections.—The junior sections in con-
nection with the Newcastle and Lancashire
Branches continue to make good progress. The
London and Birmingham Branches have also
inaugurated successful junior sections and the
formation of similar sections is under considera-
tion by other branches.
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Oliver Stubbs Gold Medal.—The fifth medal
was awarded to Mr. A. R. Bartlett, of Belvedere,
Kent, for meritorious services rendered to the
Institute over a period of many years.

Diplomas.—Six diplomas have been awarded lor
Papers which have been given before the branches.
The recipients and the respective branches before
which the Papers were given are as follows: —
J. Longden, Scottish Branch; Major K- C.
Appleyard, Newcastle Branch; J. R. Hyde,
Sheffield Branch; A. J. Riehman, Lancashire
Branch; W. West, Burnley Section of Lancashire
Branch; M. J. Cooper, London Branch.

Annual Conference, 1926.—The 1926 Annual
Conference was held at the Royal Agricultural
Hall, London, in June, and in spite of the
unsettled industrial conditions prevailing at that
time and of the difficulties of travelling, the Con-
ference was very successful and was largely
attended. Simultaneously with the Conference a
very comprehensive Foundry and Allied Trades
Exhibition was held.

The next Annual Conference will be held on
July 6, 6, 7 and 8, 1927, at the University, St.
George’s Square, Sheffield, by kind permission of
the University authorities.

General Council.—Five General Council Meet-
ings have been held at London, Manchester, York,
Birmingham and London respectively. All
branches have been well represented at these
meetings and there has been an average attend-
ance of 34.

In accordance with the bye-laws the following
members of the General Council, all of whom are
eligible for re-election, retire at the General
Meeting:—Messrs. W. T. Evans, A. Firth, J.
Haigli, A. Harley and H. Winterton. All these
gentlemen offer themselves for re-election. It is
necessary to elect five members to complete the
ten members elected at general meetings, as pro-
vided for in the bye-laws.

Standardisation of Test Bars.—During the
year the committee of the British Engineering
Standards Association, which is dealing with this
matter, completed the drafting of a tentative
specification for grey cast iron which followed to
a great extent the lines laid down in the original
specification issued by the members of your Test
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Bar Committee. The whole of the clauses in the
B.E.S.A. Tentative Specification were accepted
by the various bodies which were represented with
the exception of a clause introduced at the final
meeting. This clause which relates to a guaran-
teed time limit before the manufacturers’ respon-
sibility ceases, was opposed by your representa-
tives and the settlement awaits a further meet-
ing.

International Tests for Cast Ilron.—Your repre-
sentative, Mr. Shaw, attended an informal Inter-
national Meeting at Detroit, at which a pre-
liminary discussion on the tests in operation in
various countries, took place. Your representa-
tive promised to carry out certain tests by a
modified “ Fremont” method, but he has not yet
been able to commence these tests, as up to the
present he has not received the drawings of the
necessary apparatus.

British Cast-lron Research Association.—The
Institute continues to have very close relations
with the British Cast Iron Research Association.
In July, 1926, the Association started on its
sixth year of activity with the assurance of very
generous grants in aid from H.M. Government
during the second five-year period of its existence.
This support is conditional upon the Association
reaching an income of £4,000 per annum, and
the support of all ironfounders s earnestly
requested, not only to ensure this sum, but to
increase it to at least £6,000 per annum, the
limit up to which subscriptions will be doubled by
means of the grant.

The main development since the last report was
issued has been the acquisition of headquarters,
offices and laboratories in one building at 24,
St Paul’s Square, Birmingham, thus combining
the offices and laboratories hitherto separately
conducted. This has resulted in many advantages
and economies in working. All foundrymen
interested are cordially invited to pay a visit to
the headquarters.

International Relations.—In the autumn of
1926 a number of members and ladies attended
the Second International Conference in Detroit,
D.S.A., and the thanks of the Institute are due
to the American Foundrymen’s Association for
their hospitality.
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The Institute has accepted an invitation on
behalf of its members to take part in an Inter-
national Conference in Paris in September, 1927,
and it is hoped that a large number of members
and ladies will be present.

The Third International Congress will be
organised by this Institute and will be held in
London early in June, 1929, and invitations
to participate have already been issued to over-
seas foundry associations.

In December last your President and Secretary
attended a meeting in Brussels, and as a result
of this meeting an International Committee of
Foundry Technical Associations was formed.
This Committee will regularise the dates and
arrangements for International Conference and
will also be concerned with other matters of an
International character which are of interest to
the various foundry associations. Your General
Secretary has been elected Hon. Secretary of
this committee.

General Secretary.—It is with great regret that
the Council report that in October last Mr.
W. G. Hollinworth found it necessary to resign
from the Secretaryship of the Institute on
account of continued ill-health. The sympathy
of the members and thanks for his devoted ser-
vices have already been expressed to Mr. Hollin-
worth.

Mr. T. Makemson, Hon. Secretary of the Lan-
cashire Branch, was appointed General Secretary
in succession to Mr. Hollinworth, and commenced
his duties on December 1, 1926.

General Offices.—The lease of the General Offices
at Victoria Street, London, expired on December
25 last, and as the Council was faced with the
necessity of engaging other accommodation they
decided to transfer the General Offices to the pro-
vinces, and the present offices at St. John’s Street
Chambers, Deansgate, Manchester, were engaged.
It is hoped that the removal of the General Offices
to the provinces will make for more effective and
economical working. By kind permission of
Industrial Newspapers, Limited, arrangements
have been made for their offices, 49, Wellington
Street, Strand, to be the Registered Offices of the
Institute.

“ Proceedings.”—An index to the *“ Proceed-
ings ” from the .first volume to the volume 1924-25
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-has been prepared and will be on sale very shortly
at a nominal charge. It is hoped that all mem-
bers will purchase copies of the Index and thereby
enhance the value of their sets of the “ Proceed-
ings.”

Statement of accounts and balance sheet
for the year ended December 31, 1926, follow this
report. The Council is of the opinion that the
usefulness of £he Institute can be largely extended
by an increase in the membership, and all members
are respectfully urged to impress the advantage of
membership upon those engaged in the foundry
industry who are not yet members of the Institute.

Y. Faulkner, President.
Tom Makemson, General Secretary.

Balance Sheet.
INCOME AND EXPENDITURE ACCOUNT FOR
THE YEAR ENDED DECEMBER 31, 1926.

E xpenditure.

£ s
POStages . 87 13
Printing and Stationery, including
printing of Proceedings 501 0 3
Council, Finance and Annual Meeting
Expenses 47 4
Medals for Past-Presidents ... 36 14
Branch Expenses:—-
Lancashire 13512 8
Birmingham 74 1 5
Scottish ... 102 1 1
Sheffield ... 67 10 5
London 52 5 9
East Midlands......... 36 19 |
Newcastle ... 100 11 5
West Riding of York-
shire 3218 0
Wales and Monmouth 19 17 6
Middlesbrough ............ 1 21
632 19 5
AUdit Fee i, 6 6 0
Incidental Expenses 32 910
Salaries—Secretary and Clerk 429 3 4
Rent of Office 100 6 3
Depreciation of Furniture 713 8
Removal Expenses 9 70

£1,980 17 2
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Income.

£ s (L.
Subscriptions Received ... .. 1,779 12 0
Sale of Proceedings, etc. . .. l10o1uno

Interest on War Loan and Cash on
Deposit ... 34 80
£1,824 11 0
Excess, Expenditure over Income .. 156 6 2
£1,980 17 2

BALANCE SHEET, DECEMBER 31, 1926.

Liabilities.

£ s.d
Subscriptions paid in advance ... 1563 12 6
Sundry Creditors ... . . .. 411 10 6
The Oliver Stubbs Medal Fund—
Balance from Last
Account /.. 20G 2 O
Interest to date 8 4 4
214 6 4
Less: Cost of Medal 910 O
204 16
Surplus at December 31,
1925 986 5 6
Less: Excess of Expendl—
ture over Income for the
year ended December 31,
1926 156 6 2
829 19
£1,600 4 8
Assets.
Cash in Hands of Sechetabies-
£ s d £
Lancashire 24 16 6
Sheffield ... 8% 8 4
London 70 15 9
East Midlands............ 20 15 6
West Riding of York-
shire 28 17
Newcastle 4 211
Wales and Monmouth 07
Middlesbrough ............. 20 15 11

255 18 9
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Lloyds Dank, Limited— £ s d £ s d
General Account .. 237 10 R
Deposit Account .. 400 0O
e 037 10 8

Oliver Stubbs Medal Fund—
£342 5s. 7d. Local Loan
£3 per cent. Stock at
COSt s 200 0 O
Balance in hands of
Lloyds Bank, Limited 4 10 4

——————————————— 204 10 4
Investment Account—
£100 5 per cent. National
War  Bonds
£350 5 per cent. War 43210 1
Loan at cost
Furniture and Fixtures—
Per last Account 70 16 6
Less: Depreciation 10
per cent. . 7 13 8
—- 69 210
£1,600 4 8

We have prepared and audited the above
balance sheet with the hooks and vouchers of the
Institute and certify same to he in accordance
therewith.

J. & A. W. SmLT & Company,
Chartered Accountants,
Auditors.

On the motion of Mr. Oliver Stubbs (Past-Presi-
dent of the Institute), seconded by Mr. W. B.
Lake (President-Elect of the London Branch), the
annual report of the General Council for the year
1926-27 was adopted. ) .

On the proposition of Mr. J. T. Goodwin (Presi-
dent-Elect of the Institute), seconded by Mr. J.
Haigh (Lancashire Branch), the balance sheet and
statement of accounts for the year 1926 were
approved and adopted.

Amendment of Bye-Laws.

On the motion of Mr. Wesley Lambert (London
Branch), seconded by Mr. S. H. Russell (Vice-
President), it was resolved that the bye-laws
relating to suspension and expulsion of memoers
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be amended in accordance with the circular for-
warded to members. The object of the amend-
ments was to simplify the working of the
Branches and to enable the Branches to make
decisions without reference to the General Council.

Diplomas.

It was announced by the General Secretary
(iMr. T. Makemson) that the Institute’s Diploma
had been awarded to the following for Papers
read during the past session:—

Mr. J. E. Hurst (Sheffield Branch): “ The
Influence of Sulphur in Cast Iron.”

Mr. A. E. Peace (East Midlands Branch) : “ A
Comparison of Blackheart and W hiteheart Malle-
able Cast Iron.”

Mr. H. C. Dews (London Branch): “ Contrac-
tion in Alloy Casting.”

Messrs. H. V. Grundy and A. Phillips (Lanca-
shire Branch): “ Refractories in the Foundry.”

Mr. J. W. Donaldson (Lancashire Branch):
“ The Heat Treatment and Growth of Cast Iron.”

Mr. W. J. Molineux (Newcastle Branch): “ The
Manufacture of Iron Castings for Petrol Engines.”

Mr. H. Field (Birmingham Branch): “ Some
Experiences in the Production of Malleable
Castings.”

Election of Officers.

President.

Mr. Faulkner, proposing that Mr. J. T. Good-
win be elected President for the ensuing year, said
that the Institute would have had the greatest
difficulty in finding a member who had given more
whole-hearted attention to its affairs or who had
worked so willingly on its behalf as had Mr.
Goodwin. Nothing had been too much trouble to
him during his twenty or so years’ connection with
the Institute. The members appreciated very
highly the work he had done in the past, and
had every confidence that during the next twelve
months the affairs of the Institute could not be
in better hands than his.

Mr. Oliver Stubbs (Past-President), seconding,
said that Mr. Goodwin could have occupied the
chair long ago, and it was his own fault that
he had not. Mr. Stubbs trusted that Mr. Good-
win, during his year of office, would «njoy good
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health, and would be supported by the members
generally in the manner in which he himself had
been supported during his own term of office.

In view of the enthusiasm with which the reso-
lution was received, Mr. Faulkner remarked that
it was iinnecessary to put it formally to the
meeting. He therefore invested Mr. Goodwin with
the President’s Chain of Office, and the latter for-
mally occupied the ohair. The members, stand-
ing, gave him a hearty reception.

The President, expressing his appreciation of
the honour bestowed upon him, said that he would
uphold to the best of his ability the traditions
of the Institute and do his utmost to advance
its interests. He trusted that throughout his
period of office he would carry with him the good-
will of the members, and that at the end of that
period—if it were possible—he would have left
the Institute in even a more prosperous and more
healthy condition than it is at present.

Presentation of Medal to Past-President.

The President then presented to Mr. Faulkner
the Medal which it is now the practice to present
to Past-Presidents as a memento of their year of
office, in substitution for the Diploma which it
was previously the practice to present to them.
He was very"thankful, indeed, he said, that he
had been tutored by Mr. Faulkner, who had been
more than a father to him and had taught him
many things which a President-Elect ought to
know before occupying the chair. 1In a tribute
to Mr. Faulkner for the good work he had done
for the Institute, he said it had been done very
quietly, but very powerfully. The “Journal” of
which the members were so proud, as representing
the Institute, had done more in the way of
propaganda work in every direction than any-
thing else they could possibly think of, and they
all knew that Mr. Faulkner’s was the guiding
hand at the back of it. He was proud to be
able to thank Mr. Faulkner most sincerely, on
behalf of the members, for the work he had done.
W hat had pleased them perhaps more than any-
thing else was the really sincere and sympathetic
manner in which he had met everyone; he had
gone out of his way to visit all the Branches, and
to get to know tho wishes of the Institute as a
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whole. Finally, the President expressed the
members’ most sincere wish that Mr. Faulkner
would enjoy a long and happy life, and the hope
that it would be a very long time before he relin-
quished his support of the Institute.

Me. Faulknek, responding, said that the past
year had been a very happy one, although it had
commenced at a time of very great industrial
depression, and he took the opportunity to thank
his Vice-Presidents, Members of Council, and the
general body of members for the wonderful support
they had given him. He also expressed thanks to
the American Foundrymen’s Association for the
hospitality they had extended to the imjnortant
delegation which had visited America last autumn.
His thanks were also due to other societies, and
he referred particularly to the Belgian Foundry-
men’s Association, because Britishers had always
received a princely welcome from the Association
when they had visited Belgium, and there was a
very strong bond of sympathy between Mr.
Ropsy, the President of the Belgian Association,
and the Institute. The French Association, too,
had cemented the already good feelings which
existed between it and the Institute by inviting
the latter to take part in a conference to be held
in September in Paris. Again, during the year
the Institute’s relationship with the German
associations had been cemented, and he was
pleased to welcome to the Convention, for the
first time since the war, representatives of those
associations, namely, Dr. Piwowarsky and Herr
Nipper, of Aachen. The Institute had been
honoured during the year by invitations to" parti-
cipate in the twenty-first birthday celebrations of
the Sheffield University, and Mr. Goodwin and
himself had represented the Institute on that
occasion. Further, he had been received by the
National Federation of Iron and Steel Manufac-
turers, the Iron and Steel Institute, the London
Iron and Steel Exchange, the Institute of Metals,
and many other bodies, and he felt that the
present occasion offered an opportunity for him
to express thanks to those bodies for the many
kindnesses which the Institute had received at
their hands. Finally, he thanked his directors
and colleagues for generously according him facili-,
ties to attend to the business of the Institute.
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Vice-Presidents.

On the motion of Mr. Oliver Stubbs (Past-Presi-
dent), seconded by Mr. F. J. Cook (Past-Presi-
dent), and supported by Mr. H. Pemberton (Presi-
dent of the East Midlands Branch), Mr. S. H.
Russell (of Leicester) was unanimously elected
Senior Vice-President.

Mr. Russell, returning thanks for his election,
said he felt he had received very much more from
the Institute than he could ever put into it, and
he could only promise that he would do his very
best to carry on its work during his period of
office. He also expressed thanks on behalf of
the East Midlands Branch, because he felt that
his election was more an honour to that Branch
than to himself.

On the motion of Mr. W. B. Lake (President-
Elect ot the London Branch), seconded by Mr.
H. Winterton (Scottish Branch), Mr. Wesley
Lambert (Past-President of the London Branch)
was unanimously elected Junior Vice-President.

Mr. Lambert, Who also returned thanks, said
that he believed it was his own fault to a very
large extent that he had not taken office a few
years ago, but the circumstances at that time
were such that he was unable to accept. The
difficulties which had then stood in the way had
now been removed, however, and he looked for-
ward to his year of office in the chair in the future
with a very great deal of pleasure, because ho
had been connected with the foundry industry
practically all his life, and, though he belonged
to quite a number of institutions, the Institute
of British Foundrymen was the one nearest and
dearest to his heart. He said that largely because
there was a great deal of human nature in the
Institute. 'The class of men one met -were really
good men, and he had found in the industry that
the British working man—the craftsman—when
one got to know him, was a real good fellow, and
one could always get the information one required
from him.

Hon. Treasurer.

On the motion of Mr. Faulkner, seconded by

Mr. Lambert, Mr. F. W. Finch was re-elected
irer.  Mr. Finch, who has been con-
i the Institute since its inception,
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and at one time carried out the duties of Hon-
orary Secretary, had written to express his regret
that he was unable to ‘'arttend the Convention,
owing to the illness of Mrs. Flindh. On the sug-
gestion of Mr. Stubbs, it was agreed that a
letter be sent to Mr. Finch from the Conven-
tion, expressing sympathy and good wishes.

Members of Council.

As the result of the ballot to fill the five vacan-
cies on the General Council, the following were
re-elected:—Mr. W. T. Evans (Derby); Mr. A.
Firth (Sheffield); Mr. J. Haigh (Wakefield); Mr.
A. Harley (Coventry), and Mir. H. Winteirton
(Milngavie, Dumbartonshire).

Trustees.

On the proposition of Mr. A. Firtth (Sheffield),
seconded by Mr. E. Stevenson (East Midlands
Branch), the following were re-elected Trustees
of the Institute:.—Mr. F. J. Cook, Mr. Oliver
»Stubbs and Mr. R. 0. Patterson.

Re-Election of Auditors.

On the proposition of the President, seconded
by Mt. Faulkner, Messrs. J. & A. W. Siully &
Company (chartered accountants) were re-elected
auditors.

Welcome to Foreign Delegates.

A telegram was received from Mr. H. dole
Estep (Chairman of the Committee of Inter-
national Relations of the American Foundry-
men’s Association) conveying the heartiest and
best wishes frotm that Association for a successful
conference.

The President then extended a very hearty
welcome to delegates from kindred associations
abroad. The Institute, he said, had great
pleasure in welcoming Mr. Ropsy, the President
of the Belgian Foundrymen’s Association and
Presideut of »the International Foundrymen’s
Committee. They also were greatly honoured by
the presence of Professor Dr. Ing. Piwowarsky
and Herr H. Nlipper, of the Technical High
School, Aachen, Germany; Mr. J. A. Penton, of
Cleveland, Ohio, Past-President of the Almeriean
Foundrytmon’s Association; and Mr. Earnall, a
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member of «the American Foundrymen’s Asso-
ciation. The members of the Institute were
most gratified to welcome the visitors on this
occasion, inasmuch as they had Papers of very
great quality and high standing to offer them.

Mr. Ropsy, who addressed the meeting in
French, thanked the Institute very sincerely for
its kind invitation to representatives of kindred
associations abroad, and expressed the hope that
all would derive mutual benefit from the Con-
ference.

Mp., Pentose who also responded, said it always
gave him a great deal of pleasure to be in Eng-
land, and especially to be in the company of
foundrymen, because he felt so thoroughly at
borne with them. His visit was a personal and
not an official one. He marvelled at the griowtli
of the Institute and of kindred associations in
Great Britain; they were doing wonderful work,
and he assured them that those in America were
greatly interested in it, and followed their pro-
ceedings carefully.

The election of officers having been completed,
Mr. Faulkner called upon the newly-elected presi-
dent to address the meeting. Mr. Goodwin, he
said, as manager of a large group of pipe foun-
dries, was in a position to voice the opinions of
a verv important section of the foundry industry.

PRESIDENTIAL ADDRESS.
Mr. Goodwin then delivered his presidential
address, in the course of which he said,
Mr. Faulkner and Gentlemen:

I have the greatest pleasure in welcoming
you all to this great city of Sheffield, the centre
of the steel industry of this country. On the
occasion of your last visit, nine years ago, we
were busily engaged in the production of muni-
tions of war in such quantities as made Sheffield
the largest arsenal in the country. Since that
time we have, in order to meet present require-
ments, reconstructed our shops, changed our
methods of steel manufacture, and produced new
classes of goods of such quality and price as to
make our competitors as much afraid of us as
were our enemies during the terrible years of
the war.
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Let me now express to yon the deep apprecia-
tion | feel at the honour you have--accorded me
in electing me as your President. When | first
joined our Institute, then the British Foundry-
inen’s Association, twenty-two years ago, | little
anticipated that | should one day be called upon
to fill this important office. Later during your
visit to Middlesbrough, in 1907, | came into close
touch with the work the Council was doing, and
was able to appreciate in some measure the
responsibilities devolving on the President in
guiding the activities of the Institute, and had
the possibility of undertaking those duties been
presented to my mind it would have appeared
remote.

The Work of the B.C.I.R.A.

Perusal of the addresses delivered year by year
by successive Presidents impresses me with the
desire revealed therein to express the voice of
the members as a whole, and with the possibilities
which present themselves to the minds of the most
far-seeing among our number. The Presidential
address offers a very desirable annual opportunity
of reviewing the immediate past and the require-
ments of the present, and of stimulating thought
among members on lines likely to lead to neces-
sary courses of action. Nothing in these addresses
has impressed me more than the desire expressed
for greater technical knowledge of the craft with
which, we are so closely associated. | was con-
vinced that when the time was ripe the Institute
would embark on a scheme for the systematic
acquisition of this technical knowledge, and for
the advancement of fundamental research. | had
made up my mind that when the time arrived
I would give all the help within my power to
assist in the promotion of this project. In 1921
the opportunity arose, and | am proud to have
been associated with those members whose com-
bined efforts have so successfully brought into
being the British Cast Iron Research Association,
and who have thus fulfilled the desire expressed
by you through successive Presidents. Tlhis came
none tco soon. A new organisation takes time
and patience to establish, and this particularly
applies to one established for undertaking research
work. The difficulties to he met have been
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numerous. Contemplated under very auspicious
trade conditions, the new Association actually
started as the disastrous slump of 1921 was setting
in. From the effects of this the iron and steel
industry has not yet recovered, for while considera-
tion of pig-iron and steel output statistics will
show that the situation is now as favourable as
at any time since then, there is, of course, still
an inadequate margin between manufacturing
costs and selling prices.

Nevertheless, | repeat that the formation of the
British Cast Iron Research Association came none
too soon. On every hand we have proof of exten-
sive developments in research on cast iron not
only in the United States of America, where
industrial conditions are very good, but equally
on the Continent, particularly in Germany,
Belgium and France, where trade conditions are
not dissimilar from our own. Far-reaching
results have been obtained, and are being put
into practical use in their foundries. A new
organisation in this country was neoessary not
only to ensure that results of work published
abroad could be made available here, but also
to initiate research work of our own on British
irons, melted in cupolas of our type with the fuel
and refractory materials we have daily to use.

It is not necessary for those of us who are in
the Association to state what measure of success
it has achieved. This, fortunately for our modesty,
has been done by an impartial authority in the
form of an expert committee set up by H.M.
Government in 1926. The extent of the apprecia-
tion by the Government of the work done is
shown by the generous financial support which
has been promised during the period 1926-31.
This support is conditional on a better response
from the industry than is at present being made,
and it remains for you to bring your foundries
into the co-operative scheme and to undertake
to support the Research Association, which is
successfully carrying out investigations the results
of which are so important to the future of the
founding industry. The annual subscription is
small enough to be regarded as little more than
an insurance premium, and those who wait for
a personal approach before joining are seriously
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prejudicing the whole scheme, particularly in view
of the time involved in making such an approach
to all founders concerned.

We believe that membership is a matter of
business sagacity, for not only does it help on an
important national work, but it offers such oppor-
tunities of securing information and assistance
as to make it a thorough business proposition.

| estimate thiat the industry could expend,
with advantage to itself, and at an annual cost
per firm which amounts, as | suggested above,
to little more than an insurance premium, a sum
of £25,000 per annum. At present one-third of
this sum is available, half of which comes from
the industry. For the next four years at least we
shall continue to have the Government grant.
Furthermore, now that the organisation is built
up, for every £1 subscribed, £2 can be expended
directly on work of assistance to members.

Apprenticeship Recruitment.

The inevitable growth of technical knowledge in
the trade will call for men of higher intelligence
and skill, and we must prepare to train our
apprentices so that they may be ready to fill these
positions in due course. Nothing at the moment
is harder to fill than a senior position demanding
a man with actual practical experience and
technical knowledge. Men with this dual qualifi-
cation have somehow to be produced, and this
Institute must take a large part in their training.

Apprentices who show exceptional ability to
absorb technical knowledge and to use it in a
practical way should be egiven opportunities to
attend day technical classes as well as evening
schools, for foundry work is fatiguing. A special
member of the staff with suitable qualifications
should be detailed off to spend, say, an hour each
day with the apprentices, instructing them in the
correct way to make moulds and castings. Surely
this is not impossible even in these days of bad
trade and low prices.

We must also encourage to the full the young
foreman by giving him opportunities of seeing
other works and other methods. He can be
encouraged to use a library by being made an
associate member of the Research Association. He



23

should be encouraged to experiment and to find
out which are the best as distinct from the cheapest
materials. An occasional monetary recognition of
good work when Justified will also be a welcome
encouragement.

The shortage of boys entering the trade can
he dealt with in various ways. The lack of
interest shown is often due to lack of knowledge,
and the foremen and men in the shops can do
much to encourage their schoolboy sons and their
chums to visit the foundry. They will talk about
it to their respective mothers and thus the
industry may secure useful recruits.

I feel convinced that the Institute has a great
part to play in educational developments, and in
the not distant future an educational scheme may
be worked out. Working in the foundry is often
considered a dirty occupation, although it is
infinitely to be preferred to certain other occupa-
tions which on the surface appear much cleaner.
In other trades of a similar character, of which
coalmining is an example, the trouble has been
met by providing washing accommodation and
baths. Recreative facilities and opportunities for
further education have also been provided. In the
foundry we can do much in the way of better
accommodation for clothes, for washing, etc., but
even more important are working conditions.
Special attention should be given to ventilation,
so that it can be regulated to suit climatic con-
ditions. When moulds are dried in the shop,
either with open fires or portable furnaces, ventila-
tion must be studied with still greater care.
Lighting is also vitally important, and roof lights
should be provided with means of easy access for
cleaning. A works messroom and canteen is_essen-
tial, and it should be a rule of the organisation
that men who do not go home for meals should
use the messroom, or at any rate that they should
not take meals in the shop. Space will not permit
me to mention other ways of improving the
general standard of working conditions, often at
very little expense. The question of works acci-
dents deserves notice. Every foundry should
encourage the men to join the St. John Ambulance
Brigade, and to qualify themselves to attend to
accidents. A great deal of unnecessary suffering



is avoided by prompt attention to cases, even
minor cases, which may become septic. Apart
from the desirability of all cases having imme-
diate attention, a matter about which the
employee concerned is often careless, complica-
tions and possibly compensation cases are avoided.

Meeting Competition by Co-operation.

We have seen recently that the only way to
maintain the standard of living in this country
is, with the goodwill of the men in the shops, to
increase output, and we have learned particularly
that an increase in output reduces prices, stimu-
lates demand and hence employment, and thus
makes things better all round instead of diminish-
ing the amount of work to be done and causing
unemployment. In the foundry this means in-
variably the introduction of piece-work or contract
work, which will have in turn the effect of
specialising the foundry and thus centralising the
production of a given article in a few foundries.

I would appeal especially, therefore, to those
members who are practical men in and about the
foundry to consider it their duty to do their
utmost to enable their employers to meet com-
petition and thus provide that continuity of
employment which is so essential to both employer
and employed. This continuity of employment is
of great importance to the Institute, for the
constant migration of members from one shop to
another inevitably results in a number being lost
to membership, doubtless owing to the feeling of
uncertainty which accompanies a change of this
kind. Apart from this the rate of growth has
doubtless been lessened on account of the con-
tinuance of bad trade. The membership of the
Institute in 1919 was 1,544, and the average for
the last five years has been 1,567. The member-
ship for 1927 shows a decided increase, and the
number now totals 1,636. Similar conditions have
applied to the Cast Iron Research Association. In
1921 the number of ordinary full members was
110, and in 1927 is 210, representing many more
employees, and but for the conditions men-
tioned would have been much greater. Now
that the period of stagnation appears to have
passed, it behoves all of us to consider a plan of
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campaign to improve the membership of the Insti-
tute still further. To this end | make a definite
appeal to all members to support me during my
presidential year by each pledging himself to
obtain one new member. With tne enthusiasm
which exists | feel confident that this can be done.
We should then have a membership which the
Institute would be proud of, and funds with which
to carry on its work with greater activity. |
might mention, for instance, the Junior Sections,
which have been so ably formed and which are in
such a flourishing condition. | am sure that
these are a guarantee for the future existence of
the Institute, and | wish that more such sections
could be formed.

Rationalisation.

An important development which I commend to
your earnest attention is the movement spread
with remarkable rapidity in Europe under the
name of “ rationalisation.” Summarised “ ration-
alisation,” literally the making of industry right
and reasonable, aims at securing the highest effi-
ciency for the least effort, at eliminating all
waste of raw materials, effort and labour in
manufacture, transport and distribution, at sim-
plifying designs, patterns, shapes and sizes where
variations have no obvious advantage. It will
ensure a higher standard of living, lower prices
to the consumers and a larger and more certain
return to the producers. It involves the good-
will and willing co-operation of employer and
employee and joint efforts of scientific and tech-
nical institutions and research organisations. It
has to be applied and can equally be applied to
large and small undertakings, even to the small
shopkeeper and to our domestic life. It means
for the worker the healthiest, best and most digni-
fied form of labour, for it involves selection for
occupations, proper training and also promotion
for those fitted for it, and for all the most attrac-
tive form of remuneration.

International Relations.

The work of the Institute is being fully appre-
ciated by kindred organisations abroad. We are



26

honoured this year by the award to one of our
most esteemed members of a very signal honour.
I refer to the John A. Penton medal, presented
by the American Foundrymen’s Association to Mr.
John Shaw, to whom we offer o'ur sincere con-
gratulations.

The strengthening of ties with our friends
abroad has always been the desire of the Institute.
Through the good work done by your past-Presi-
dent, Mr. Y. C. Faulkner, an International Rela-
tions Committee has been formed representing
Belgium, Czecho-Slovakia, France, Germany,
Great Britain, Holland, and the United States.
The object of this Committee will be to promote
interchange of papers and visits, to prevent over-
lapping of conferences and exhibitions, and to
make arrangements with respect to periodical
international conferences to which the members
of all the co-operating bodies will be invited. The
formation of this Committee has our cordial sup-
port, and we trust that it will go far to cement
the friendship which already exists betweeA the
allied bodies abroad and ourselves. Your General
Secretary is acting as honorary secretary to this
new body, and in his capable hands the smooth
working of the Committee will be assured. The
Institute may reflect with pride on the fact that
its international relations are probably more
extensive than those of any other technical insti-
tute in this country, and there is no need for
me to emphasise the important part this plays in
promoting international understanding.

To attempt fully to review the work of the
Institute for the past year in so short a space as
is offered by a presidential address would be folly.
| should, however, like to refer to one outstanding
feature that | know to have been greatly appre-
ciated, namely, the growing number of invitations
extended to the Branch members to visit various
works and foundries throughout the country.
Neither the educational nor the social value of
such visits can be too much stressed. To all those
firms who have given us such valuable oppor-
tunities of extending our knowledge, and who
have from time to time entertained us so hospit-
ably, the thanks and appreciation of the Institute
as a whole are due.
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The honour you have paid me implies very great
f which | am fully aware, and
assistance | will endeavour to
maintain the high traditions of the Institute
throughout my presidential year, trusting at the
end to see it in still more flourishing condition.
Gentlemen, | thank you.

Vote of Thanks to the President.

Mr. J. Cameron (Past-President), proposing
a vote of thanks to the President for hie Address,
emphasised how keenly Mr. Goodwin had at heart
the interests of the Institute and of the British
Cast Iron Research Association. Mr. Goodwin
was keen on making progress and finding out new
things, and df every memlbea- took his words to
heart and brought in one new member it -would
be a very fitting reward to Mr. Goodwin for his
excellent Address.

Mr. A. Harley, seconding, expressed the con-
viction that the President would carry on the
work of the Institute in a very efficient and able
manner. The President was determined that
duming his year of office the Institute would
make progress, amd it was up to the members
to support him whole-heartedly in his mission.

The vote of thanks was acoorded with
acclamation.

The President, in a brief response, said he
wlas unable adequately to express his appreciation
of the kind remarks which had been made, and
the way in which the resolution had been
received, but. he again assured the members that
he would do his utmost to carry on the work of
the Institute in a manner which would give satis-
faction to everybody.

The following Papers were then read and dis-
cussed.

“ The Properties of Coke Affecting the Cupola
Melting of Steel ” (American Exchange Paper), by
J. T. McKenzie.

“ The Importance of Air Control in Efficient
Cupola Practice,” by P. El. Wilson.

“ Strains in Non-Ferrous Castings,” by Pro-
fessor C. H. Desch, D.Sc., F.R.S., Member.

During the afternoon parties of members visited
each of the following works :—Messrs. Edgar Allan
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& Company, Limited, Cammell, Laird & Company,
Limited, Vickers, Ltd., and Newton, Chambers
Company, Limited. At the conclusion of each
visit the thanks of the Institute was given to the
management.

ANNUAL CONVENTION DINNER.
WEDNESDAY, JULY 6.

There was a gathering of some 300 members and
guests at the annual Convention dinner, which was
held on Wednesday evening, July 6, at the Royal
Victoria Hotel, Sheffield. The President was in
the chair, and the guests included the Lord Mayor
(Alderman J. G. Graves, J.P.) and the Mayoress,
the Master and Mistress Cutler (Mr. and Mrs.
David Flather), Mr. W. L. Hichens, Mr. A. J.
Blanchard, J.P., Sir W. H. Hadow, C.B.E. (Vice-
Chancellor of the University), the Mayor of
Rotherham, the Mayor of Chesterfield, Mr. Bar-
rington Hooper, C.B.E., Prof. T. Turner, Mr..
W. B. M. Jackson, Mr. J. A. Penton (Past-Presi-
dent, American Foundrymen’s Association), Mr.
E. J. Fox, Mr. J. Smith, J.P., Prof. C. H. Desch,
D.Sc., Ph.D. (Professor of Metallurgy, Sheffield
University), Mr. J. M. Allan, Mr. F. W. Bridges,
Mr. Ropsy (Belgium), Dr. and Mrs. Piwowarsky
and Herr Nipper (Germany), Mr. J. H. Mony-
penny, Mr. John Oakley, J.P., Mr. H. E. Yer-
bury, and Mr. T. P. Colclough, M.Sc.

Future of Sheffield’s Industries.

The loyal toast having been duly honoured,

Mr. S. H. RussEim (Vice-President) proposed
the toast of “ The City and Commerce of Shef-
field,” and in the first place expressed apprecia-
tion of the kindness and hospitality extended to
the Institute by its friends in Sheffield. In a
reference to the educational scheme which Shef-
field University had launched a few years ago for
the benefit of students and apprentices in the
foundry trade, he said he hoped that it had
flourished, because it was a really good scheme,
which had attracted much attention throughout
the country, and the Institute was glad to find
that Sheffield was so progressive and could
organise such a thorough and comprehensive edu-
cational scheme. Dealing with the development
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of Sheffield’s industries, he pointed out that, as
shown by the handbook which had been prepared
for the members of the Institute, one of the
largest steelworks in Sheffield, whose pre-war work
was almost entirely Government work, had now
practically replaced this by commercial work. When
he read such names as Vickers, Cammell Laird,
Newton Chambers, Edgar Allen, Brown, Firth,
Davy, Samuel Osborn, Mappin and Webb, and so
on, almost all of which were world-famed, he
realised that, just as Sheffield was a leader and
pioneer in the past, so Sheffield would again
become aJeader and a pioneer in the future. He
firmly believed that when the present financial
stringency, which affected practically the whole
world, had passed away, Sheffield would again
come into its own. Could one imagine a city
which had produced and was still producing the
best crucible high-speed steel in the world, and
which had developed and still made the best stain-
less steel in the world, sinking into the back-
ground simply because it could not think of any-
thing else to produce? He did not know what
Sheffield would bring out of its hat yet, but he
was quite sure that it would bring out something
good very shortly. In a tribute to Mr. John
Shaw, to whom he referred as a typical example
of the Sheffield ironfounder, he said, amid
laughter, that during his visit last year to America
as a member of the delegation from this country
Mr. Shaw had been so keen on visiting works
that he had visited a works on one day, travelled
all night, and visited another next morning. Con-
tinuing, Mr. Bussell said that the great essential
to the°return of prosperity to the iron and steel
trades was peace in industry, and he urged that
that peace must be a just peace. The industry
had a very big problem to face. Finally, he
coupled with the toast the names of the lord
Mayor and the Master Cutler.

Sheffield Now Making Fine Iron Castings.

The Lord Mayor, in his response, said that a
Lord Mayor of Sheffield always felt considerable
pride when replying to this toast. He had a good
<leal of practice, blit that in no way detracted
from the pride which he felt in representing this
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great community, for they had not only a past
of which they were unreservedly proud, but a
vigorous present, and a hopeful outlook for the
future. No city in the world had had a harder
job to deal with than had Sheffield during the
past few years. The difficulties had been formid-
able and the ordeal severe, but they were emerging
and were feeling solid ground under their feet.
They had drawn, as they had had to do, upon their
reserves of inventiveness, enterprise, self-reliance,
pluck and perseverance, and their great indus-
tries had adapted themselves in a way which he
could only describe—knowing what he did of the-
conditions of the past six or seven years—as sur-
prising and marvellous. The Institute’s own
handbook contained a very generous, but perfectly
just, appreciation of the inventive ability, enter-
prise and leadership of the men who had founded
Sheffield’s great industries, and whose great names
were still the signs of firms of world-wide repu-
tation, and all that had been said of them could
be said with equal truth and justice of their suc-
cessors to-day. To' Sheffield’s workmen, also, the
Institute had paid a just tribute. It had said
that the Sheffield worker was a craftsman, and ex-
perienced non-technical men had shown uncanny
knowledge of the steel which they produced, which
would shame distinguished academics. He thanked
the Institute for its generous appreciation, and
for the great compliment it had paid to Sheffield
in choosing the city as the meeting-place on this
occasion. In a reference to post-war progress
in Sheffield, in the course of which he dwelt upon
the Corporation’s efforts in regard to town plan-
ning, and the provision of houses, roads, trans-
port, etc., he said that the foundry branch of the
great iron and steel industry had shown versa-
tility, adaptability and enterprise beyond all
praise. For example, the progress made in the
production of fine castings had come particularly
under his notice in connection with his own busi-
ness. He believed he could say that in pre-war
days the Sheffield founders were not No. 1 in the
production of extremely fine castings, and when it
had become necessary to look around for new
sources of supply, those who needed such castings
had met with great difficulty. But, instead of
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going to sleep about it, the Sheffield founders had
met their competitors on their own ground, and
were now not only producing the equal of the
line castings which for some businesses it had been
necessary to import, but had excelled their com-
petitors. He was very pleased and thankful to
recognise the international note which had been
sounded at this conference. It was to him a
matter of the greatest satisfaction to know that
there were attending the Conference representa-
tives of the progressive nations of Europe. Sad
and painful as were the memories of the past few
years, to-day our faces were turned towards the
morning once more, and we looked to a better
world, to safer, sounder and saner foundations of
society than those which had resulted in the shock-
ing catastrophe which we all lamented, and which
had so disorganised industry. Great Britain
showed how, in one small area, three nations could
live together in peace, harmony and helpfulness.
As another example he mentioned that along the
3,000 miles of frontier separating the United
States and Canada there was not a soldier or a
fort. Why should there not be in the future,
through the medium of organisations such as the
1.B.P., the United States of Europe? What we
were longing for was peace in our industrial rela-
tions. That would not come through Acts of Par-
liament; it would come only when each of us did
our bit towards it, and we had better not shirk
the responsibility. There rested upon each one of
us the responsibility to do our part in the building
up of a better, safer and a more enlightened
society. Finally, the Lord Mayor expressed his
earnest and heartiest wishes for the continued
success of the Institute.

Multiplicity of Technical Associations.

The Master Cutler, Who also responded to the
Toast, expressed the very real pleasure which it
gave Sheffield to welcome the members of the
Institute to the city. They might have a lot of
smoke in Sheffield, but not so much as they would
like. It was an old saying in Sheffield that
“ Where there is muck there is money,” but they
always added “ provided it is clean muck. * They
were not doing enough business, but hoped and
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believed that the time would come when that
deficiency was made good and when they would
again flourish and would be able to look the world
in the face. Sheffield undoubtedly had played a
very great part m the advance of the iron and
steel and many other industries and it was proud
of that fact; it was proud that it had been able
to help, on the technical and scientific side, so
many trades and industries in this country. After
a reference to the valuable work of the Sheffield
University, he said there was another phase of
knowledge leading to prosperity which even Uni-
versities could not give. By that he meant that
only through the association of men who were
interested in any particular subject could real
progress be made. From the early days of, he
believed, the seventeenth century, when the Royal
Society was founded, men began to realise that
only by combination, by mutual trust and help,
could the truth be discovered and knowledge
acquired, and as the centuries had rolled on the
number of those associations had greatly and
steadily increased. It might be that to-day we
had too many associations, but the great point
about technical associations was that they led
men to know one another and to have trust and
confidence in their fellows, and although indi-
vidually they might be competing for the neces-
sities as well as for some little of the luxuries
of life their association together was bound to
create good in industry, and in municipal, social
and national life. Associations such as the I.B.F.
tended to promote prosperity and to stabilise our
industries. He would to Heaven that that spirit
of mutual helpfulness was greater and he prayed
that the time might come when the spirit of evil
which led men to suspect their fellows of some
ulterior motive would be cast out and when we
should unite with the common object of improving
the relations between man and man, between
nation and nation, and when there would be in
truth a United States of Europe. In the name
of Sheffield and those engaged in its industries
he expressed to the Institute the heartiest wel-
come, congratulated it upon the splendid work it
had already done and hoped that it would prosper,
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to the advantage of its individual members, the

Institute itself and to the advantage of the
Empire.

How Technical Societies Help Their Members.

Me. W. L. Hichens (Managing Director of
Messrs. Cammell Laird & Company Limited),
proposing the Institute of British Foundrymen,
emphasised the national importance of the steel
industry, of which the foundry trade was an
important part. |If the steel industry languished,
he said, Great Britain would surely languish too,
and it was to the interest of everybody to see that
not only should the steel industry maintain its
previous strength, but that it should increase it
and become even greater in the future than it
had been in the past. The steel industry had
suffered considerable misfortune during the past
few years. It had laboured under great diffi-
culties; competition had been very fierce, work
had been scarce, prices had been cut to the point
which had dismayed all those engaged in the
industry, and had delighted correspondingly all
those who were not. They were not merely con-
fronted with domestic competition and low prices
emanating from.a domestic source. They found
that foreign competition was even more strenuous,
and he believed that as regards foundry work
foreign competition was as keen as in any other
industry, and prices quoted by foreigners at the
present time were sometimes so low as to cause
dismay. He was quite convinced, however, that
the steel industry could be restored to its former
prosperity. Enumerating some of the great
benefits which the I1.B.F. could and did confer
upon the foundry business, he said that in the
first place the Institute as he saw it stood for
solidarity and good fellowship among all those
engaged in this great profession. Solidarity and
friendship meant, he supposed, that if A dis-
covered something which was of interest to the
industry as a whole, he communicated it at once
to B, C, D and the rest; but did he? No! He
kept it to himself in the hope that no one else
would find it out, and in so acting he behaved
very foolishly, because each of us had ways and
means, which we thought peculiar to ourselves,

o
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but which were in reality common to all, for
discovering what he was up to. Therefore, it
would really be wiser if A communicated straight
away what he had found out instead of allowing
everybody to exercise his ingenuity to discpver
it by devious ways instead of devoting his
ingenuity to other and better purposes. Again,
solidarity and good friendship meant that if B
got into trouble he went to A or to some other
who was not in trouble and asked for help to get
out of it. But did he go to A or to some other
and confess that he was in a hole? Not a bit
of it. Therein he acted foolishly, because every-
body found out that he was in a bit of a mess—
and in the steel industry, from his own experience,
everybody got into a mess at times. In such
circumstances as he had indicated, B pretended
that he was not in a mess at all, everybody else
exaggerated the tittle tattle they heard all around,
and the gossip was far worse for B than the
truth. But supposing that when he got into a
mess he did confide his troubles to A, what would
A do? He doubted if A would do more than say
that in that case B would have to be contented
with his heart-felt sympathy. Probably it would
not go farther than that. That was a pity,
because British A, B and C were not really rivals
the one of the other. They were much more the
rivals of a foreign X, Y and Z, and what
mattered for this country from the broad point
of view was that our industry as a whole should
be as efficient as possible, and that the weakest
member, if there be a weakest member, should
be helped by the stronger member so that as a
whole we could be strong enough to stand up
against foreign competition and that by a united
knowledge and competition we should be able to
face the strenuous opposition we were met with
abroad to-day. He knew that he was regarded
as a visionary, but he was quite unrepentant.
He always asked for more than he expected to
get and perhaps he had done that on this occa-
sion, but surely we should do something more than
we had done. For instance, we might, he con-
sidered, without the world coming to an end,
allow each other freely to visit our works. That
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would not bo going so very far. We might, for
instance, compare costs. That was going a little
further, but it was the right thing to do if we
wanted to have a nationally efficient industry
and not an individually efficient industry. We
might compare methods with great advantage,
and that was one of the directions in which he
wished the Institute every success because it
stood for the right thing.

Foreign Contacts.

There was another respect in which the Insti-
tute could and did perform a great service to
the industry, namely, in the promotion of con-
tact with our foreign competitors. He was glad
to notice that a number of valuable papers by
foreign experts had been read at the meeting
and to know that foreign representatives were
attending the Conference. That was the right
thing because although he felt that in a sense
the British were the rivals of the foreigners, yet
in a wider and bigger sense they were comrades
on the same quest, i.e., the quest of the greatest
efficiency in the steel industry for the sake of the
whole world, and that was an ideal which was
worth something. The Institute had done a great
deal also in promoting tours and visits to works
in other countries which was most valuable to
this country, and, he hoped, useful to the coun-
tries visited, and he trusted that the Institute
would be able to extend that. Discussing finally
the development of education, he said there was
a time—he did not know whether it had altogether
gone by—when people used to say that foundry
work was a rough kind of work and therefore it
was not the kind of work that an educated man
was likely to do. That was all wrong, for all
experience went to show that the steel industry
was becoming more and more dependent upon
science, and the more we could attract men of
eminent scientific attainments to take up work in
our foundries and in the steel industry as a whole,
the better it would be. But that was not all.
It was even more important that we should
encourage education among apprentices in the
foundry business. He could not help believing
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that one of the great advantages that the Ameri-
cans and Germans had over ns in industry was
that there was such a high standard of education
in those countries amongst men engaged in
industry.  Finally, Mr. Hichens paid a tribute
to Mr. Goodwin, whose valuable work was recog-
nised and whose year of office would add lustre
to the Institute of which he was so distinguished
a President.

Results Achieved by the Institute.

The President responded, and, in thanking Mr.
Hichens for the manner in which he had proposed
the toast, said that the members of the Institute
who had visited the works of Messrs. Cammed
Laird & Company that day had 'been very much
impressed with the great changes which had been
made to meet present-day competition. The
re-organisation of those works seemed to him to be
the greatest monument to industry that he had
seen lately. Not only was it apparent that the
staff had worked exceptionally hard, but also that
what had been effected was the result of round-
table co-operation. The happy feeling which he
had recognised among the staff of Messrs. Cammed
Laird twenty years ago, when he had first visited
their works, still existed, and had brought about
the alteration of the works which everyone was so
gratified to see. Referring to the Institute, he
was happy to say that it was on the fringe of the
work which Mr. Hichens had outlined. One
result was the formation of the International Com-
mittee, in connection with which the immediate
Past-President, Mr. Faulkner, had been to the
Continent, and had worked very hard indeed on
behalf of the Institute to cement that friendship
with other countries which they all so much
desired, and which they knew would be ultimately
to the good of everybody in this country. He was
also pleased to be able to tell Mr. Hichens that the
friendship amongst the foundrymen of this
country, to which reference had also been made,
did exist. Barriers were being broken down yearly
by the Institute, and nothing but good could
result. The President then went on to deal with
the development of the Institute since it was
founded in 1904, at Birmingham, when the late
Mr. It. Buchanan was elected President. Since
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that time the Institute had held Conventions in
most of the large cities of the country, and the
last Convention in Sheffield was held in 1918,
under the Presidency of the late Mr. T. H. Firth!
With regard to membership, lie said that as the
foundry trade was one that had suffered the most
during the last five years of trade depression, it
would be understood that membership had not
increased as rapidly as had been hoped. How-
ever, from past experience it was found that as
soon as there was the least improvement in trade
the Institute obtained an increase in membership.
At the moment the number was low in comparison,
namely, 1,700. At the same time, one must not
overlook the fact that the Institute now had an
offshoot in the form of the British Cast Iron
Research Association, the membership of which
included a number of the Institute’s members, and
also that there were a number of would-be mem-
bers who could not afford to be members of both.
The 1,700 included trade members, each of whom
represented a large number of employees, so that
the information the Institute was able to send out
was transmitted to a larger number than 1,700.
In a reference to the ten branches, all of which
were in a flourishing condition, he made special
mention of the manner in which the London
Branch had worked, as the result of which
nearly doubled its membership. He did not know
of any Institute which arranged for so many
works visits as did the I.B.F., and he believed
the Institute was doing more educational work
amongst the practical men in the foundry than
any other body was doing in a like manner for
the membership represented. The junior sections
of the Branches were also in a most flourishing con-
dition, and it would be appreciated that the mem-
bers of these junior sections would be the back-
bone of the Institute in the future. In regard
to the Institute’s charter, he was pleased to say
that Sheffield had figured largely in obtaining it;
it was due to the indefatigable energy and
generosity of the late Mr. T. H. Firth that the
Institute had become a chartered Institute.

The Cast Iron Research Association.

The formation of the British Cast Iron Research
Association by members of the Institute was

ithad
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another matter to which the President referred.
The programme before that Association, he said,
was such that it would necessitate the expenditure
of not less than £8,000 per year, to which the
Government were contributing approximately 30
per cent. The Association had been formed m
most difficult times, but it was in times such as
these, when trade was bad and foreign competition
was keen, that research work of the kind that the
Association had undertaken was most needed.
Unfortuately, also, it was at times such as these
that an employer was least able and most unwilling
to pursue them. Nevertheless, the Association was
being favourably supported, not only by employers,
who were fully alive to the fact that on every
hand we had proof of extensive developments in
research in cast iron abroad—in the United States,
where trade had been good, and on the Continent,
where conditions of trade were similar to our own
—but also by employees, who were anxious that
England should continue to produce “ more perfect
work, more finished work, more honest work, than
any other nation in the world.” He felt that
good trade was coming. From past experience he
knew that this meant increased prosperity to the
Institute, both .financially and numerically, and in
order to maintain our trade he urged the adop-
tion of the slogan, “ All-British goods for British
people,” and support for the good work done by
the greatest commercial travellers this country
had ever known, .and of whom we were so justly
proud—the Prince of Wales and the Duke and
Duchess of York.

Mr. Oriver Stubbs (Past-President), in the
absence of Sir Robert Hadfield, Bart.,, F.R.S.,
who was unable to attend, and who had conveyed
by telegram his good wishes for the success of the
Conference, proposed “ Our Guests and Kindred
Associations.” After expressing gratitude for
the kind reception which Sheffield had accorded
the members, he said the members were proud of
the Institute because it was the only body which
took a man out of the shop and brought him
among others connected with the industry. In
welcoming the Institute’s guests from abroad, he
emphasised that the more closely we were able to
co-operate with those other countries the better
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should we be able to establish and maintain indus-
trial peace., He coupled with the toast the name
of Mr. J. A. Penton (Past-President of the
American Foundrymen’s Association).

Anglo-American Relations.

Mr. J. A. Penton, responding, said that
although his visit to this country was partly a per-
sonal one, he had been anxious to pay his respects
to this wonderful Institute of British Foundrymen.
Americans, he said, were very deejily concerned
with rega-rd to the position of the iron and steel
business in Europe, and not for selfish reasons.
America was a prosperous nation, and there was
market enough in their own country—the home
market constituted over 90 per cent, of their
business—without going abroad. They were
deeply concerned sentimentally regarding the con-
ditions of the iron and steel industry in Europe,
and they realised fully the terrible strain that had
been put upon all the nations of Europe in connec-
tion with the war, which had profited none, but
had meant great loss to all. They considered that
the greatest accomplishment and the greatest vic-
tory of the whole war was that of the nation
which, beset with a great debt and heavy taxation,
had put its currency on par. Americans took
their hats off and bowed their heads to that
nation for having made a serious effort to get
on to her feet. Emphasising the importance of
constant contact as a means of preserving peace
between the nations, he said that the excellent
relations which existed between the United States
and Canada, with their contiguous frontiers, was
largely due to the fact that they spoke the same
language and knew each other as the result of

constant association. Industrial peace was all
very well, but international peace was a more vital
factor. The one great power and the greatest

influence of all in preventing conflicts in the future
would be an affiliation between the English-speak-
ing peoples of the world such as there was between
Canada and the United States. These thoughts
were also those of a great multitude of thinkers
in his own country. He felt that the time was
not far distant when the United .States and Great
Britain should so understand themselves and each
other that they would both agree to march step by
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step for ever to the music of a band playing
“ Peace on earth and good will to men.”

Mr. Y. C. Faulkner (Past-President) proposed
the toast of “ The University of Sheffield.” Owing
to the late hour he curtailed his speech consider-
ably, but he did take the opportunity to compli-
ment the University authorities upon their astute-
ness and broadmindedness. He coupled with the
toast the name of Sir Henry Hadow (the Vice-
Chancellor).

Prizes for Practical Discovery.

Sir Henry Hadow (Vice-Chancellor of the Uni-
versity), who on rising to respond was greeted
with enthusiasm, said that the University authori-
ties were very glad indeed to join with the Lord
Mayor and the Master Cutler and others in Shef-
field in welcoming the Institute on this occasion.
He stood, he said, as a representative of educa-
tion, and education, he was glad to say, was one
of the subjects upon which more nonsense was
talked than any other in this country. He was
glad because it was one of the symptoms of becom-
ing a public institution in England that people
should blame, criticise or discuss it when they had
not devoted any great attention to the subject.
A man who one would not ask to direct one to the
Post Office was perfectly prepared to say what
this country ought to do about China, but if one
asked him if China was in Africa or South
America he would shift the conversation to Ire-
land. (Laughter.) That was exactly what was
happening on the topic of education. He was told
on all hands and he read in all quarters that there
were two kinds of education, the academic and the
practical, and that not only had they different
kinds of method, but different kinds of truth ; that
colleges and universities and such-like taught
theoretical and truth that would not work out in
practice. He was told that practical education
was that which dealt with the truth by which
people could live and by which they could work—
with which the academic principle had nothing to
do. There was no greater nonsense in the world
than that. If Universities taught academic truth
which would not work out in practice they would
be merely the depositories of useless knowledge,
and the sooner they shut up shop the better. If the
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members of the LB.P., and their forbears had
always tried to do. without theory they would be
sitting together that evening enjoying a banquet
of raw wild beasts and very imperfectly distilled
water. There was no education in the world worth
the name which did not comprise both sides and
co-ordinate both sides. The University authori-
ties were fully aware of that, and because they were
fully aware of it they were particularly glad to
welcome the co-operation of those who were
engaged on the practical side, who could learn
something from the University and from whom
in turn the University could learn something.
Discussing the importance of pooling information,
which had been mentioned by Mr. Hichens, Sir
Henry drew attention to the fact that a short
time ago the Company of Armourers and Braziers,
which had been a very good friend to the Uni-
versity, had devoted an annual sum, which had
been presented to the Master Cutler (who had
kindly called in the co-operation of the University
to administer it) for the purpose of encouraging
research in the practical trades of Sheffield, of
which the foundry trade was one. Prizes would
be given, not on literary merit, but on practical
discovery, and would be open to all workmen and
members of the trade, and the prize-winning
Papers would, if of sufficient merit, be printed
and circulated for the common use. That was a
very important step in the direction of that
general co-operation which Mr. Hichens had so
strongly desiderated. Referring to the advan-
tages of providing facilities for visits to works, he
recalled a conversation he had had with the head
of one of the Great American firms some time ago
whilst crossing the Atlantic. The American had
told him that one of the principles which had
always inspired and animated his work was to
allow all his competitors entirely free access to his
works, to show them everything, to explain every-
thing and keep nothing back. When he (Sir
Henry) had replied that other people to whom
he had spoken on the subject had expressed mis-
givings and had said that possibly others might
take away their secrets and use them to their
detriment, the American had reflected for a
moment, and he replied, “ That’s silly.” That,
continued Sir Henry, was a man with a life-long
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experience in the matter, and who knew what he
was talking about. It had very much impressed
him (Sir Henry), and he passed it on as a word
of wisdom which he believed had its real educa-
tional value. Finally he paid a tribute to Mr.
Faulkner, whom he said the University was proud
to have as an old member.

During the evening the members and visitors
were each presented with a Sheffield stainless-steel
pocket knife as a memento of the Convention. It
being remarked by the President that the
recipients would probably like to cut their luck,
they were invited to contribute towards the funds
of the Sheffield Works Convalescent Homes. There
was a liberal response, and the proceeds, which
amounted to £13 15s., were handed to the Mistress
Cutler, who is interested in the homes and who
briefly expressed her gratitude.

THURSDAY, JULY 7.

The Thursday morning session commenced with
a continuation of the discussion on Professor
Desch’s Paper, and the following Papers were then
read and discussed.

“ Note on the Making of Steam Engine Cylin-
ders and Piston Rings ” (French Exchange Paper),
by M. Audo.

*“ The Influence of Chromium and Nickel on
High Quality and Heat Treated Cast lrons,” by
Professor E. Piwowarsky.

“ The Strength of Cast Iron,” by J. E. Fletcher
(Member).

* The Effect of Manganese and Manganese Sul-
phide in Whiteheart Malleable,” by E. R. Taylor
(Associate Member).

After adjournment for luncheon, which -was pro-
vided at the University Western Bank, the Con-
ference again resumed and the following Paper
was read and discussed.

“ The Manufacture of a Large Steel Casting,”
by F. A. Melmoth (Member) and T. Brown (Asso-
clate Member).

At the conclusion of the discussion, Mr. F. J.
Cook, Past-President, proposed that the sincere
thanks of the Institute be accorded to all who
had helped with the Conference. Included in the
resolution were the University of Sheffield the Lord
Mayor and Lady Mayoress the Master and Mistress
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Cutler the authors of Papers the firms who had
allowed their works to be inspected, the subscribers
to the Convention Fund and the Sheffield Con-
ference Committee. The motion was carried with
acclamation.

While the technical discussion was proceeding,
the ladies visited the printing works of the
“ Sheffield Telegraph.”

Later in the afternoon the members and ladies
attended a Civic reception at the Town Hall,
offered by the Lord Mayor and Corporation. In
the evening a variety entertainment was visited
by invitation of the Reception Committee.

FRIDAY, JULY 8.

On the morning of Friday, July 8, parties of
members visited each of the following works:—
Messrs. Davy Bros., Limited, Darnall; the Brown
Firth Research Laboratories; and Messrs. Samuel
Osborn & Company, Limited. At the conclusion
of each of the visits the thanks of the Institute
were tendered to the respective managements for
their courtesy.

At a luncheon held at the Grand Hotel, at which
a large number of members and ladies were pre-
sent, Mr. J. T. Goodwin, the President, presided,
and again voiced the thanks of the Institute to
the various firms who had permitted the members
to inspect their respective works. He particu-
larly referred to the courtesy of Dr. W. H.
Hatfield, who had personally conducted a party
of members around the Brown Firth Research
Laboratories that morning.

In reply, Dr. W. H. Hatfield, Director of the
Brown Firth Research Laboratories and Past-
President of the Sheffield Branch, expressed the
pleasure of his directors and of himself at the
opportunity of meeting the members of the Insti-
tute. He referred to the rapid growth of the
Institute, both in numbers and in influence, and
he also stressed the importance of the rapid
developments in the metallurgy of cast iron which
had taken place in recent years.

Visit to Buxton.
On the afternoon of Friday, July 8, the final
event of the Conference took place in the form of
a motor excursion through the Derbyshire Dales,
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a halt being made for dinner at Buxton. About
90 members and ladies participated, and, in spite
of the somewhat showery weather, the party had a
very enjoyable outing.

Mr. J. T. Goodwin, President of the Institute,
presided over the dinner, which was held at the
Palace Hotel, Buxton.

After the loyal toast had been honoured, Me.
G. H. Oxtey, Vice-President of the Sheffield
Branch, proposed the toast of “ The Visitors,”
and referred to the pleasure which the members
had in entertaining their guests, particularly those
from other countries.

Prof. Piwowarsky replied on behalf of the
guests, and thanked the members for the very cor-
dial reception which the visitors had received
throughout the Conference. He stated that the
presence of overseas delegates at Conferences such
as this would go far to cement the friendship
between the various countries. He concluded by
proposing the health of the President, which -was
drunk with considerable enthusiasm.

The President thanked the company, and
referred to the work which had been done by the
Sheffield local Committee in organising the Con-
ference. He said that the success of the Confer-
ence was largely due to the hard work which had
been done during the previous few months by the
local Committee, and he also expressed the thanks
of the members to the Ladies’ Committee, and
to their convener, Mrs. Frank Russell, for their
work in connection with the ladies’ social pro-
gramme, and for the manner in which they had
arranged for the welcome of the lady visitors to
the Conference. He said that they were specially
indebted to Mr. Firth and Mr. Edginton, respec-
tively Past-President and President of the Shef-
field Branch, and also to Mr. W. A. Macdonald,
the Convention Secretary. On behalf of the Com-
mittee he had pleasure in presenting a fountain
pen to Mr. Macdonald as a token of their esteem,
and also a wallet of notes to Mrs. Maodonald.

Mr. Macdonald was accorded an enthusiastic
reception upon rising to reply. He said that as
soon as it became known that the Conference
would be held in Sheffield he felt that it was his
duty to assist in every possible way, and he had
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been loyally supported by every member of the
Executive Committee and of the Branch Council.

He tendered his thanks to Mr. Makemson, the
General Secretary, and his assistant, for the in-
valuable help which they had rendered. He said
that anything which he had been able to do had
been done with a good heart, and he hoped that
when the members and ladies went back to their
own cities and towns they would take with them
pleasant memories of the few days they had spent
in Sheffield.
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THE (PROPERTIES OF COKE AFFECTING THE
CUPOLA MELTING OF STEEL.

By James T. MacKenzie, Chief Chemist, American
Cast Iron Pipe Company, Birmingham, Ala.

[American Exchange Paper.]

Steel sctap in cupola mixtures has challenged
the attention of foundrymen everywhere for a
number of years. Many papers have been pre-
sented in the technical Press and before the
various technical societies dealing with the
strength of irons obtained from such mixtures,
and it is almost universally accepted that steel
scrap does increase the strength of the iron quite
out of proportion to its effect on the chemical
analysis. The recent work of Piwowarski on the
influence of graphite nuclei has provided a valu-
able theory as a basis for future investigation and
may serve to assist in the interpretation of
some heretofore anomalous results. Accurate
thermal data may be expected in the foundry
literature of the future, because the development
of the optical pyrometer has placed within the
reach of everyone the means of observing and
recording temperature. Recent investigation has
shown that the disappearing filament type of
pyrometer is accurate, within very small limits,
for all types of foundry'irons and the quickness
with which readings may be made, even by an
inexperienced observer, is remarkable. Many of
the conflicting results obtained by the use of steel
scrap are due undoubtedly to differences in melting
conditions, of which the temperature is probably
the most important. “ Hot iron ” is an indefinite
term and may mean one thing when spoken by the
stove-plate founder and something entirely
different when spoken by the manufacturer of
heavy castings.

Another cause of misunderstanding in discus-
sions of steel has been the confusion of test bar
and casting. The iron that will make the
strongest test bar of say 1.25 in. din. and 15 in.
length will certainly make a poor radiator, if it
will make it at all, and will be almost as unsuit-
able for a very heavy casting. This is one of the



reasons why various statements exist as to the
maximum permissible percentage of steel scrap in
the charge, which, if memory fails not, varies from
zero to 100 per cent.

Inextricably associated with the temperature of
melting and the chemical composition of the melt,
is the problem of oxidation. With steel in the
mixture, the lower the melting temperature, the
greater the oxidation, the lower will be the carbon,
silicon, and manganese, and the higher will be
the freezing point and the gas content. Conse-
quently the practical fluidity, or “ coulabilite ”
as Guillet and Portevin call it, is rapidly reduced.

This paper is concerned chiefly with the total
carbon absorbed by steel scrap when melted with
the various cokes of an unusual collection, not
complete, but well representative and containing
the extremes likely to be encountered. The cupola
used was a Number 0 Whiting with a 27-in. shell,
lined to 18 in. with clay brick, with 2 tuyeres
17 in. above the mantel plate and 70 in. below
the charging door. The lining was straight from
mantel to charging door. The tuyeres measured
9 in. by 3 in. at the lining; and the blast, sup-
plied by a fan, was fairly constant at 4 oz. per sq.
in. In some of the early heats the volume
increased as the stock fell in the stack, but the
practice was changed as soon as this was noted
and thereafter the stack was kept full of coke
throughout the melting period. None of the heats
reported here was affected by this to a great
extent, though in several heats a slight drop in
carbon on the last tap or so may be noted. The
cupola was lighted in the usual way and the wood
allowed to burn away by natural draft, coke being
put on to have the bed at 30 in. above the tuyeres
when this was accomplished. The wind was then
put on for five minutes to heat the tap hole and
basin, after which the bed was built to 40 in. with
fresh coke, the breast stopped in, the charges
quickly put in and the blast put on as soon as the
stack was filled (about 5 min.). The first tap was
made in 25 min., when usually 25 to 75 Ib. of iron
were obtained, after which melting proceeded at
the rate of approximately 1,000 Ib. per hr. A
shank ladle of 200 Ib, capacity was used for
handling the molten iron which was poured into
pigs on”the first two or three taps and then into
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well blacked and dried test moulds, giving the
2x1x28-in. bars cast vertically. Charges were
100 Ib. with sufficient 50 per cent, ferro-silicon
and 80 per cent, ferro-manganese to give the
indicated composition. These were placed on top
of the steel in the centre of the cupola. The
coke charge was kept constant at 25 Ib., except in
the case of the high volatile petroleum cokes,
Parco, Wichita Falls, and Shell. No fluxing was
attempted, but there was usually a thin liquid
slag which was allowed to run into the ladle and
was skimmed off before pouring. The amount of
this slag varied practically with the ash content
of the coke, for it seems that the higher the ash
the greater the oxidation of the steel and the
proportion of ferrous oxide to silicon dioxide is
thus automatically maintained. There was very
little cutting of the lining except in the melts
with the very high-ash cokes.

Table | shows the results for total carbon which
are calculated from the detailed data of Table II.
The base was taken as 2.00 silicon; 0.10 phos-
phorus; and 0.50 per cent, manganese. Pure
iron holds 4.3 per cent, carbon in solution; 80 per
cent, manganese, about 6.7 per cent, carbon; and
21 per cent, silicon (Fe2Si), or 15.6 per cent,
phosphorus (FesP), throw the carbon to zero.
Therefore the corrections are as follows:—

For each per cent, variation in manganese
(3.4/80), 0.04 per cent. C.

For each per cent, variation in silicon
(4.3/21), 0.21 per cent. C.

For each per cent, variation in phosphorus
(4.3/15.6), 0.28 per cent. C.

The calculations are admittedly doubtful, but
the sum of all three corrections is less than 0.20
per cent, in nearly all cases, and it seems the only
hope of reducing all the melts to a common basis.
Table Il is given to enable anyone to make a
detailed study of the actual results obtained undis-
turbed by the assumption of the author.

Turning again to Table I, it seems that 'in the
beehive cokes the carbon rises as the ash falls,
but in no regular way; while in the pure cokes
the same thing is noted in regard to volatile
matter. It is at once apparent that the structure
of the coke is of fundamental importance and



Coke. Date.

Dayton 3/27/124
4/30/25

5/4/25*
(4/30/25)

Sewanee 5,5/25

5/8/25%
(5/5/25)

Fire Creek 8/14/25

Bradford 7130/25

8/1/25*
(7/30/25)

AB.C..iiiiiin 3/19/24
5/1/25

5/6/25*
(5/1/25)
7117125
(20%Fe®)
7/20/25
(20% Fe.Si)

A.B.C. Bed 7/21/25
With 40% (10%Fe,Si)
Barrett Above

(Steel from'Shell 8/5/25
Coke Experiment)

A.B.C. 50 per cent. 8/29/25
W. Falls, 50

AB.C..oovvrrees 1/21/27
Unbroken (Steel .. 3i"
Round)
(Steel, | in. 1/22/27
Round)
(Steel, | in. 1/29/27
to J in. thick)
Barrett 3/13/24
3/31/24
4/2/24
5/2/25
(Coke, 351bs.)
5/7/25*
(5/2125)
Bayonne 6/11/25
Parco 8/6/25
W. Falls 6/11/25
Shell 8/4/25

* Remelts of heat in parentheses.

Bar.

124
125
219
220
225
226

227
228
233
234

316
317

300
301
304
305

113
114
221
222
229
230
288
289
292
293
294

295
296

308
309

336
337

402
403
404
405
406
407
408
409
410
411

412

107
108
129
130
131
223
224
231
332

240
241

310
311

No melt

No melt
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0.228
0.184
0.192
0.173
0.236
0.254

0.105
0.102
0.156
0.155

0.102
0.098

0.119
0.107
0.140
0.134

0.111
0.121
0.126
0.113
0.173
0.156
0.161
0.124
0.140
0.132
0.131

0.160
0.149

0.188
0.154

0.189
0.192

0.062t
0.077
0.066
0.070
0.110
0.122
0.104
0.102
0.080
0.115

O.lIsf

0.092
0.080
0.266
0.130
0.119
0.106
0.104
0.097
0.095

0.122
0.170

0.141
0.125

*# Evolution Sulphurs on bars 402 to 412 inclusive.
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Calcu- .
lated Breaking pef
Carbon ad.
1.70 4,780
1.63 5,000
1.86 4,300
1.73 3,250
2.18 3,600
2.29 4,230
1.91 5.100
1.68 5.100
2.60 3,700
2.53 3,000
2.13 3,700
2.06 4,600
2.90 3,650
2.73 3,680
3.39 3,180
3.26 3,000
2.64 3,090
2.72 4,570
2.26 3,800
2.11 3,250
2.95 3.500
2.90 3,600
2.80 1,050
2.70 920
2.35 3.500
2.49 3,300
2.30 3,200
2.63 3,450
2.61 3,400
2.68 3,450
2.44 3,000
3.10 3,400
2.97 3,060
1.97 3,690
2.02 4,290
2.15 4,970
2.16 3,360
2.20 4,700
2.20 4,200
2.24 4,240
2.30 4,100
2.38 3,740
2.05 3,730
2.1T 3,510
3.42 3,200
3.52 1,950
3.30 3.120
3.22 3,320
3.32 3,660
3.95 2,100
3.75 2,600
4.26 1.930
4.23 1,750
3.62 2,600
3.45 2,490
4.24 1,920
4.27 1,700
—_ — n

All others oxidation.



t- DIOOD T O\ &
HO©o © O ©-h"

Ni>0 wr- ©©o oo
00000 0 ww H®O



50

may counteract to a considerable extent the effect
of the composition. The two high-ash cokes have
little difference in structure and little in carbon
absorption. The Bradford is much softer than
the Fire Oreek (which is extraordinarily hard and
dense), and so carburises to an extent not war-
ranted by the difference in ash. Coming to the
pure cokes, the Barrett is hard and dense (really
a true coke), the Bayonne quite cellular, and the
others highly cellular. In fact, the Wichita Falls
burned along the cell walls so rapidly that small
pieces were blown out of the stack in a veritable
shower, which no doubt accounted for its failure
to melt. The Parco was much better, and gave
few sparks of this nature, but required an inordi-
nately long time to begin melting, -and then
melted very slowly. The furnace was 70 minutes
in blast before any iron melted, and then it came
slowly but hot, throwing out great quantities of
“ kish ” as it was being poured. The Shell coke
was so broken up in its long journey in bags from
the Pacific Coast that it was almost useless to
try it, but under the heat it melted down to a soft,
gummy mass, so no deductions could be made from
its original structure. While it is not thought
that the volatile matter has any influence per se,
on escaping it probably leaves the coke in a more
porous condition than originally.

In an able paper published by Mr. F. Hudson
in The Foundry Trade Journal, December 11,
1924, entitled “ The Melting and Casting of High
Duty lIrons,” the four points influencing the
absorption of carbon are stated as follows:—
(1) Temperature in the melting zone; (2) time
in the melting zone; (3) atmosphere of combus-
tion; and (4) initial analysis of material melted.
That these are true there is no doubt, for the
first two' and last are special statements of the
fundamental laws of solution, viz., temperature,
time of contact, and concentration.  The third,
based on the known chemistry of the iron-carbon-
oxygen system, is probably better fixed in the
minds of foundrymen than the other three. The
author would, however, question the restriction
implied in the words “ melting zone,” for he is
convinced that absorption can and often does
continue in the hearth following exactly the laws
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stated above. Running only 15 per cent, steel
on A iB O coke he has observed a constant differ-
ence in total carbon of 0.10 per cent, when
tapping intermittently as against continuous flow,
the latter being about 3.50 per cent, and the
former 3.60 per cent.; this on the large foundry
cupolas running heats of 10 hours.

Since only the melting of steel scrap is being
considered, where the original material is nearly
the same in all cases, these principles may be
restated as:—(1) Temperature; (2) time of con-
tact with ccirhon; and (3) atmosphere of combus-
tion. Looking at the problem solely from the stand-
point of the coke, the case may be stated:—That
the temperature depends on the purity, reactivity
and size of the coke in the melting zone and
below; that the time of contact depends on the
purity and size of the coke, for the higher the ash
the more will be the tendency to cover up the
carbon by slag and prevent contact with the
metal; and that the atmosphere of combustion
depends on the purity, reactivity, and size of the
coke. Since the reactivity depends on the purity
and physical structure, and since the effective
size of the coke depends on the structure, one
may assume that the extent of carburisation
depends on the purity and structure of the coke.

Unfortunately, the testing of coke has not
reached the plane of true science, and, although
it ican be taken for granted that the reactivity
is a function of structure, no one is yet sure of
a test that will indicate the right structure for
maximum reactivity. It would appear that for
carburisation, coke should not be either extremely
dense or extremely porous; that it should be
neither too hard nor too soft; and that it should
be neither very heavy nor very light. A hard,
dense, heavy coke will tend to allow oxygen to
persist a long distance above the tuyeres, and the
molten metal will flow over a comparatively small
surface of coke on its way through the melting
zone, where most of the carburisation takes
place.

Just as rock candy is harder to dissolve than
loaf sugar, so is the dense carbon more difficult
to dissolve than the light, though time of contact
is probably the explanation of both. On the
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other hand, a soft, jporous, light coke will burn
almost entirely to carbon monoxide close to the
tuyeres, with consequently low temperature, and
it will easily crush down and either shut off the
blast or blow out of the stack as did the Wichita
Falls. Undoubtedly, if high temperature can be
obtained with a soft, pure coke, the metal can
easily be saturated beyond the eutectic. A
medium structure would appear in general to
give the maximum carburisation, even if tem-
perature is somewhat sacrificed, for the highest
temperatures obtained were with the Fire Creek
and Barrett yokes, but neither gives the best
carburisation for its class. By increasing the
amount of Barrett to 35 Ibs. per charge, or the
same ratio as the Parco heat of 5/2/25, carbons
of nearly 4 per cent, were obtained at tempera-
tures approximating 1,600 deg.

This is mot truly comparative, since 35 Ibs. of
Parco coke contained only 30 Ibs. of carbon, and
the Barrett contained almost 35 Ibs., but the test
is illuminating as an illustration of the effect of
higher temperature and greater time of contact
using the same coke thus eliminating the effect
of all other variables.

The melts with unbroken A B C coke show
clearly the effect of the coke size on the carbon
absorption. For all other tests on this cupola,
the coke was carefully broken up so that no piece
would stay on a two-inch screen; but in these
three tests large lumps of coke, none of which
would pass a two-inch screen, were used through-
out and the carbon dropped 0.3 per cent, from
the average for the broken coke in spite of the
same temperature obtained under both conditions
(1,500 deg. C.).

The experiment with Wichita Falls and ABC,
50 per cent, each, above a bed of A B Cis interest-
ing, Table Il—heat of 8/29/25. Here a corrected
carbon of 3.04 per cent, was obtained from the mix-
ture, though the temperature given was rather
low (1,450 deg. C.). Thus by mixing a coke (or
probably pitch would be more accurate) of high
reactivity with one of good structure, results may
be obtained not possible with either alone.

As most of these melts were made on mild steel
scrap of nondescript character and with a con-
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siderable variation in size from that desired (1 in.
round), it appeared worth while to run some tests
to see if ordinary variations in size had any effect
on the carbon absorption. A 500 Ib. length of
3.25 in. round mild steel (0.16 per cent. C, 0.06 per
cent. P, 0.43 per cent. Mn, and 0.038 per cent. S)
was cut into 8-in. lengths and melted (heat of
1/21/27). The next day a similar test was run
with 0.75 in. round of the same analysis cut to
8 ins. The heat of 1/29/27 was run on thin strips
of the same steel, varying in thickness from \ to
i in., and in width from 1 to 2 ins., as there was
not sufficient of one particular size in stock to
make up a complete melt. The large steel was
heavier than anything used in these tests, and
the thin strips were lighter than anything used
in them, while the J in. round would almost re-
present the average. It is evident that the car-
bon absorption does not depend on the size, for
the average of the large bars and the thin strips
is the same. For some reason the temperature of
the J in. round melt was fully 50 deg. higher than
the other two, and the carbon is 15 points higher.
These tests prove that carbon is not absorbed to
any appreciable extent by the solid steel though
the reverse may be noted on the sulphur, which
seems to be absorbed much more readily bv the
small stuff. Another interesting confirmation of
this is the melt of 8/5/25. This steel had been
in the cupola for over an hour under blast, trying
to melt it with the Shell coke. When the test was
abandoned and the bottom dropped, the whole
body of the steel was somewhere between 900 and
1,200 deg. C., but only a few pieces showed the
slightest signs of melting. To test the question
of carbon absorption, the author examined several
of these under the microscope, finding the merest
film of carbon, so it was decided to melt it with
A B C coke as a further test on this point. The
carbon on the melt, 2.56 per cent., is just 0.06 per
cent, above the average for this coke on new
steel, and is well below some other melts, so it is
thought there is no doubt of the accuracy of the
generalisation, which was also made by Mr. Hudson
(loc. cit.).

Table 11l shows the equalised carbons on five
melts which were remelted with slight additions of
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silicon and manganese, using the same coke. The
metal from the first melt was largely in pigs, and
therefore considerably heavier in section than the
steel. The average was approximately 2 x 3 X
8 ins. with some few pieces as large as 4 x 4 ins

Table. IIT.
Carbon

Carbon Carbon ;

Coke. ; ! absorption,

1st melt. 2nd melt. ond melt.
Dayton 1.80 2.23* 0.43
Sewanee 1.80 2.57 0.77
Bradford 2.81 3.33 0.52
ABC 2.18f 2.93 0.75
Barrett 3.85 4.25 0.40

*Cold melt. f Scaffolded.

The original A B C heat scaffolded after the
second tap, because of some rods a little too long
in the charge, so that it is not truly representa-
tive of the melts of this coke, but the remelt went
off in great shape. The remelt on the Dayton coke
was sluggish, probably due to oxidation and high
sulphur, though the silicon was abnormally
increased in anticipation of this result. It was
difficult to get an accurate reading on it, but it
was estimated that the temperature was about
1.400 deg. from the cupola, which is close to the
liquidus for such a low carbon.

This set of tests is to be extended for a discus-
sion of the equilibrium point of carbon in the
cupola. For this, sufficient quantitative data are
not yet available, but the writer trusts they will
be completed and published in the near future.
There has been, perhaps, sufficient work to show
that each coke tends to produce a certain definite
carbon content in the melt. For a given coke this
is affected by the elements other than carbon—par-
ticularly phosphorus, silicon, and manganese, and
by the proportion of coke to iron and coke to
blast. For the same iron and blast ratio, and the
same iron composition, it will vary as the purity
and structure of the coke. Thus on A B C coke,
the remelt of steel 0.2 per cent, carbon reaches
2.93 per cent, and the remelt of the 4.15 per cent,
pig shows 3.55 per cent, carbon (first melt 3.78



55

per cent.). The result from a synthetic pig of
2.95 per cent, carbon (first melt 3.30 per cent.)
showed 3.46 per cent, carbon. Undoubtedly if the
steel had again been remelted, the carbon would
have risen again. The above values are plotted
in Fig. 1 with similar results for the Barrett coke.
The diagrams clearly indicate equilibrium points
of 3.55 per cent. C and 4.20 per cent. C for these
respective conditions. It is evident that under
repeated melting the time of contact will cease
to be of importance, as time equilibrium will be
reached, and that the temperature and atmosphere
of combustion will be the controlling factors.
Aside from the effects of phosphorus, silicon, and
manganese on the solubility of carbon in iron, all
fairly well established, the equilibrium point for

Fig. 1.—Showing Tendency for all Material
to Come to Same Carbon Content on
R epeated Melting, this Point Being De-
pendent on Coke and Blast.

carbon will depend on the deoxidising constituents
of the melt—manganese, silicon, titanium, etc.;
the oxygen, carbon dioxide, and carbon monoxide
content of the gas; and the temperature of the
whole system. As the temperature and composi-
tion of the gas phase depend on the purity and
structure of the coke, the amount of the coke, and
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the velocity of the blast, it is hoped that suitable
tests for coke can be devised whereby the equili-
brium point for the particular coke can be pre-
determined with fair accuracy for any given set
of conditions.

In conclusion it is our privilege and pleasure to
extend to the Institute of British Foundrymen the
cordial greetings and best wishes of the American
Foundrymen’s Association, and to express the hope
that we may be drawn closer and closer together
by these annual exchanges of thought which are
the very pledges of international goodwill.
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THE IMPORTANCE OF AIR CONTROL IN
EFFICIENT CUPOLA PRACTICE.

By P. H. Wilson, M.l.Mech.E. (Stanton Ironworks
Company, Limited).

Efficiency and economy are the two essentials
in the successful operation of any process. As
the cupola is often referred to as the heart of the
foundry, it is essential that it should not be con-
sidered merely as a shaft into which so much iron
and coke is dumped, and air blown through to
produce iron in a molten state. This used to be
the case years ago, but to-day most foundrymen
realise the importance of more scientific control
in the process of melting iron.

Tin the production of any class of casting it is,
in the first place, important that the molten iron
is of the correct composition and at a suitable
temperature for casting. It is false economy to
attempt to reduce coke consumption at the ex-
pense of a high percentage of waster castings.
To produce suitable molten iron economically
many factors must be dealt with. These will be
treated in their proper sequence.

The real efficiency of a cupola may be measured
by the ratio of the heat in the molten metal to
the heat generated in the cupola. Thermal
balance-sheets have been published in Papers by
many writers on this subject during the last few
years. The conclusions arrived at from these
balance-sheets show that it is chiefly the value
of the perceptible and latent heat lost in the gases
which decides the thermal efficiency of a cupola
furnace. In other words, the cooler the escaping
gases, the higher the percentage of carbon
dioxide, or conversely, the lower the carbon
monoxide in the gases, the greater the heat effi-
ciency of the cupola. Many ideas have been tried
to utilise the waste heat passing up the cupola
stack, but very little success has been attained
in this direction. *

Many cupolas operating successfully to-day vary
very little in design from those in use fifty years
ago. Whilst the results obtained depend on cer-
tain principles in the design of a cupola, it is not
the writer’s intention to deal in this Paper with
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these details, apart from the construction which
directly affects the air supply and distribution of
the products of combustion.

The composition of the molten metal is more
or lessdetermined by the analysis of the materials
charged into the cupola, but inefficient working
lias a serious effect on certain elements in the iron
during the melting operation. Silicon and man-
ganese may (be considerably reduced due to exces-
sive oxidation. Further, the absorption of detri-
mental gases affects the temperature and fluidity
of the molten metal; also its physical and
mechanical properties.

The efficient working of any cupola depends
primarily on the quantity of air supplied at a
suitable pressure according to its capacity. The
melting capacity of a cupola is determined by its
effective diameter at the melting zone.. It has
been proved that good results are obtained in
practice by burning 1 Ib. of good coke per hour
per sq. in. of cross-sectional area at this point.
This is equivalent to from 10 to 12.5 Ibs. of iron
melted per sq. in. of area per hour. Therefore,
a cupola with a diameter of, say, 4 ft. 6 in. is
capable of melting economically approximately
10 to 12.5 tons per hour.

By this it will be seen that the figures given
for the melting capacity of a cupola relative to
its cross-sectional area .at the melting zone varv
to the extent of 25 per cent. This is dependent
on the percentage of coke consumption to iron
m(le(lted, and .also the percentage of carbon in the
coke.

The melting rate per hour can be calculated
for any sized cupola given the coke consumption
per ton of iron and the diameter, as follows:—

M = Melting rate in tons per hour.

Diameter of cupola in inches.

Percentage of coke to iron (by weight).

ttD- x 1 X 100 _ D2 X 100 _ 0.0351 x D2
4 x P X2240 *“ 2851 P P

For example, in a 4 ft. 6 in. dia. cupola with
a coke consumption of 8 per cent, the melting
capacity would be:—m

M= 20851 X 542, oeions per hour.

D =
P =
M
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If the coke ratio is 1 to 10, or 10 per cent.,
the melting rate -would be 10.2 tons per hour.
From the albove it will be seen that the higher
the coke to iron ratio the greater the melting
capacity of the cupola per hour.

Having determined the output of the cupola,
the amount of air required can be arrived at
from the equation :

C+ 02= CO,
12+ 32= 44"

That is to say, to combust 12 Ibs. of carbon
completely to 002, 32 Ibs. of oxygen are required.
This is equivalent to 11.6 Ibs. of air or 1524
cub. ft. per Ib. of carbon.

As the quality of coke varies, the carbon con-
tent must be taken into consideration in calcu-
lating the volume of air required per Ib. of coke.
Further, the volume of air per ton of iron melted
will vary with the quantity of coke used per ton
of iron.

This can be estimated for different diameters
of cupolas for any given coke ratio of a known
carbon content, as follows :—

V = Vol. of air per hr. in cub. ft.

v = Vol. of air per ton of iron melted.

D = Dia. of cupola in inches.

P = Percentage of coke to iron charge (by weight).
C = Percentage of carbon in the coke.

ttb2 X 1 X 1524 x C
V - 4 100

r= M- 34.54 C.P.

This gives the theoretical volume of air neces-
sary, but in actual practice allowance must be
made for loss through various causes. This
amount of loss will depend on the position of the
blast-indicating instrument relative to the
tuyeres. Usually it is placed on the air main
leading to the wind belt, and in >aposition con-
venient to the operator. The actual loss between
the blast gauge and the tuyeres can be estimated
for any cupola according to the general arrange-
ment of the piping, etc.

Having obtained this, the actual volume re-
quired .at the point at which the blast indicator
is fixed can be calculated as follows:—
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L = The percentage loss.
Vm = Actual volume of air per min.

w _ N~ X i X152.4xC\ /, L\
V 4 x 60 x 100 /I XV Joo/

Vm= 0.01994 D2C X (I +

The method of introducing the air into the fur-
naces is the next consideration. Various types of
tuyeres are in use, being circular, square, rect-
angular and oval shaped, both parallel and flared.
In some cases a single row and in others two or
more rows are used.

The number and shape of tuyéres has long been
a debatable point. The main point, however, is
that they should be sufficeintly large to admit the
correct quantity of air, at a pressure not higher
than necessary for the air to penetrate the coke
bed and distribute it uniformly at the melting
zone.

Having found the pressure necessary, and know-
ing the volume of air to be passed, allowing for
loss in friction, etc., the correct tuyere area can
be calculated to give the necessary result for any
size of cupola. Therefore, the ratio of the area
of the tuyéres to that of the cupola will vary
according to the area of the cupola.

The 4 ft. 6 in.-cupola under consideration, in
which most of the tests reported in this Paper
were carried out, has a staggered row of tuyeéres
oval in shape, the area being 18 per cent, of the
cupola area, and it has been found that a pressure
of 18 in. w.g. is adequate to give a proper distri-
bution of the air.

Another impoi'tant detail in tuyére design is
that each tuyére should be fitted with auxiliary
valves, so that when working dirty they can be
shut off and burned clear. Poking of tuyeres
should not be necessary, but it is advisable to
provide hinged site holes, through which a bar
may be inserted to remove any obstruction. Such
an arrangement is shown in Fig. 1.

The effective height of the cupolas (that is, the
distance from the top of the tuyeres to the charg-
ing door) is important. The depth of the well is
not so important, this depending on the require-
ments of the foundry. As the effective height
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determines the time contact between the hot gases
and the burden, the higher this is the more heat
is taken from the gases iby the descending charge.
There is, of course, a limit to the carrying capacity
of the coke. A height equivalent to from four

Fig. 1.—Hinged Site Hole for Removing
Obstructions.

or five times the diameter at the tuyere level has
been found to give good results.

In mechanically-charged cupolas these may be
greater to allow a level deposition of the charges
below the charging doors. To prove how the
Nl effective height ” of a cupola affects the tern-
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perature of the rising gases, temperatures of the
gases were taken simultaneously at different
heights up the stack on two cupolas. The figures
obtained were as follows:—

Cupola A Cupola B
Effective height .. . 21 ft. 12 ft.6in.
Diameter at tuyeres . 4 ft. 4 ft.6in.
Ratio (height  diameter) 5.25 2.77
The temperatures obtained in deg. C. were:—
Cupola A. Cupola B.
At charging door .. 280 At charging door .. 450
9 ft. below 440 2 ft. 6in. below .. 600
13ft. 900 6 ft. below 900
6ft. 1,160 8ft. 6in. below .. 1,220
At tuyeres 1,600 At tuyeres.. 1,650
Blast volume per min. (cupola A).. ... 5,000 cub. ft
" " " (cupola B).. .. 5,400 cub. ft.
Blast pressure w.g. in inches (cupola A) .. 19
" " " » (cupola B) . .. 18

It is obvious from the above figures that the
effective height of cupola B as too low compared
with A, the loss in perceptible heat being high,
escaping gases being imuch cooler in the higher
cupola. These results are shown in graphical form
in Fig. 2. The temperatures were taken with
thermo-couples of various types. For the higher
temperatures these were enclosed in nichrome
steel sheaths, which melted immediately after the
readings had been taken. The temperature at
the tuyeres was taken with a “ Disappearing Fila-
ment Pyrometer.”

It is interesting to note that the cupola A
melted during the one heat 250 tons of metal, and
very little variation in temperature w.as noted
during that period. Thompson and Becker point
out in their Paper* on “ The Chemistry of the
Cupola” that when in equilibrium a mixture of
CO and CO02 tends as the temperature falls to
change its composition so that ,a definite amount
of each gas is present at a definite temperature.
This would tend to cause in the stack a gradual
disappearance of CO and its conversion into CO,,.

This is a slight jargument in favour of cooling
of the gases. Of course, this reaction will be
greatly minimised owing to the high velocity of

* Proceedings, Inst. Brit, Foundrynien, Vol. xix., p. 156.
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the ascending stream of gases, but may 'be further
aided by reducing the speed of the gas stream—
that ,is, the blast pressure. Also', to assist in this
reaction, the area of the stack may 'be enlarged
above the melting zone. This has been found to
be effective and to increase the melting rate
owing to> preheating of the descending charge.
The more slowly the gases rise, the more complete
the heat transference, and the lower the CO in
the escaping gases, the cooler the top of the cupola
and the better the conditions for charging.

Another important factor in cupola practice is
the charging of the materials. Pig-iron, scrap,
coke and fluxing material should be properly
weighed, and to obtain the necessary result ,in the
resultant metal the iron should be charged accord-
ing to analysis. The weight and distribution of
the charges will vary according to the size of the
cupola. It is of vital importance that the layers
of materials should be deposited in a level plane.

The weight of iron charge suitable for any size
of cupola can be estimated from the weight of the
coke layer. The depth of the coke layer should
be sufficient to fill completely the cross section of
the furnace with a minimumi thickness. No accu-
rate figures can be given for this relative to the
area of the cupola, as the physical condition of
different brands vary, also the carbon content.
To obtain the weight of this volume of coke, the
common practice is to construct >a ring of bricks
corresponding with the diameter of the cupola
lining, into which the coke is placed.

Limestone, or other fluxing material, should be
of uniform size, and charged in proper quantities
according to the amount of sand and foreign
material adhering to the pig-iron and scrap ;
35 Ibs. to 50 Ibs. of limestone per ton of iron
should be sufficient. An excess of limestone
increases the coke consumption land causes a
greater wear on the lining. A further point is
the height of the coke bed above the tuyeres.
The effect of this on the quality and temperature
of molten metal, also the coke consumption, is
important in cupola practice.

In many cupola plants known to the writer
insufficient (attention is paid to the periods of
slagging. It is bad practice to hold the slag in
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the cupola too long, as it tends to blanket the
metal from the heat. Cupolas not tapping con-
tinuously should Ibe slagged at intervals of not
longer than two hours. Further, periodical
janalyses jof the slag should be jmade to check the
iron losses. With iron charges fairly free from
rust, the FeO content of the slag should jnot
exceed 3.0 jper cent.

Having dealt briefly jwith some jof the condi-
tions which jaffect the working of a cupola, the
points which, in the writer’s jopinion, are of vital
importance will be detailed.

To' melt iron, the two principal materials
required jare fuel (coke) ,and blast (jair). It is in
the icorreot distribution jof these two factors that
the efficient working of the cupola depends, jpar-
ticularly the air supply. The oxygen in the air
is capable of combining with the carbon of the
coke to form two oxides of carbon, carbon dioxide
002 and carbon monoxide CO. Carbon dioxide is
formed where there is excess of oxygen, jand car-
bon monoxide when there is an excess of carbon.
The thermal value of these reactions varies
greatly. Carbon burning to CC2 generates
14,500 B.Th.TJ. per Ib. of carbon. Carbon burn-
ing toi CO jgenerates only 4,500 B.Th.TJ. per Ib.
of carbon.

It is obvious, therefore, that the maximum
thermal efficiency is obtained when the carbon is
burned to- 002 in one stage. If the carbon is
burned to CO, and is further oxidised to C02 the
thermal efficiency is reduced by approximately
38 per cent. To obtain maximum efficiency the
percentage of CO formed must be kept at a mini-
mum. When the jair is forced into the layer of
incandescent ooke above the tuyeres, combustion
takes place. If the -coke layer is uniform in size,
shape jand disposition, jand the air is supplied at
the correct velocity and volume, then combustion
would be uniform jacross the coke layer. If these
conditions in the jcupola are not sufficiently uni-
form, and the air admitted jat too low a pressure,
it ‘'will not penetrate sufficiently to the centre jof
the fuel, consequently the combustion does not
take place evenly across the section. It tends to
be greatest near the lining of the cupola, and
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molting zone,

4 ft. 6 in. dia. cupola.
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the (combustion takes the form of an inverted
cone.

On the other hand, if the blast pressure is high,
then there is a tendency for the combustion to be
greater ;at the centre and the .cone to be reversed.

In order to determine the amount of air pene-

Fig. 3.—Determining the Amount op
Air Penetrating to

Different
Points in the

Area at the
Melting Zone.

in the area at the
an experiment was jmade on a

Primarily, a series of
tu'bes equally spaced were placed across the
cupola, the lower ends of which were perforated
and rested on the top of the coke bed, the upper
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ends jbeing connected to water-pressure gauges.
A photograph, taken at the time of the experi-
ment is shown in Fig. 3.

The cupola was carefully charged and blown in
in the usual way, provision being made to main-
tain the correct spacing of the tubes during the
test. The pressures obtained at e<ach tube indi-
cated the volume of air passing at that point.
Arrangements were made to maintain an approxi-
mately constant volume of air with varying pres-
sures. In the first place, the air was admitted
at a pressure of 12 in. w.g. This was increased
to ~24 in. w.g. The pressures obtained from each
tube were plotted and are shown on diagram,
Fig. 4, from which it will be noted that in the
former case the curve forms a distinct inverted
cone, whereas the curve obtained from the higher
pressure is directly opposite.

The depth of the cone formed by the higher
pressure as not iso intensive as that of the lower
pressures. This may account for the trouble ex-
perienced with dirty tuyeres (referred to pre-
viously) when the tuyere area is large compared
with the diameter of the cupola, or the velocity
of the air is insufficient to penetrate the charges
fully, the tendency being for the slag and iron to
flow through an outer ring of the melting zone,
the pressure of air at the tuyeres being insuffi-
cient to prevent scaffolding at the tuyeres, caused
by local chilling. This emphasises the fact that a
correct combination of pressure and volume is
necessary to obtain an ideal melting condition.

This experiment was repeated, maintaining the
siame volume at a pressure of 18 in. w.g., which
had been found to be the correct working pressure
of this particular cupola. The result obtained
gave a fairly level distribution of the air across
the melting zone.

To check the uniformity of the combustion
under what was considered ideal conditions,
namely, 5,500 cub. ft. of air per min. at a
pressure of 18 in. w.g.—coke ratio .12.3 to 1, gas
samples were taken at three levels up the cupola
att «points 4 'ft., 6 ft. 6 in. and 9 ft. 6 in. above
the tuyeres. These samples were taken from the
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centre and the sides of the cupola simultaneouslv,
with the following results:—

Centre of Side of
cupola. cupola.
4 ft. above the tuyeére.
CO e 18.8% 17.6%
. . nil. nil.
1-2% 3.2%
18.0% 148% -
nil. nil.
2.2% 5.2%
17.2% 14.8%
nil. nil.
6.0% 8.8%

These analyses prove that, under the conditions
of correct air volume and pressure, the com-
bustion is fairly uniform across the furnace. All
the figures show a high CO,, absence of oxygen,
and the presence of sufficient CO to give a
reducing and not an oxidising atmosphere in the
cupola.

In addition to proving the above, these figures
show that under correct working conditions the
method of taking the samples for gas analysis
from the side of the cupola gives an approximate
indication of the average composition of the gases
across the zone.

Further tests were made to find the effect on
the resulting gases at different heights using
varving coke ratios, the volume and pressure of
air remaining constant. These results showed
that with a large coke ratio—8 to 1—a high per-
centage of CO was formed in the gases at a point
4 ft. above the tuyeres, and this CO tended to
persist up the cupola; with a 10 to 1 ratio there
was less CO and more CO,, showing that the
combustion was better, the outgoing gases con-
taining very little CO; and with a 12 to 1 ratio,
the CO tends to increase slightly and the CO, to
decrease.

At each test the analyses were taken simul-
taneously. and the average results obtained from
four tests were as shown in Table I: —
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Table |I.—Percentage Composition at Varying Heights and
Coke Ratios.
Height
Coke 8:1 10 :1 1201 above
ratio. tuyeéres.
C02 9.6 14.4 152 1 .
0 — — 0.4 w4ft Oin.
Cco 18.0 7.6 8.4 ]
Co02 12-0 14.0 1T.O0 1 .
0 - 0.4 0.2 p6ft 6in
(6(0] 14.2 9.6 6.2 J
co2 12.0 18.0 17.6 1 )
0 — — - L 14ft. 6in.
CO 15.2 4.8 5.2 j

It will be seen from the above analyses that
with a 12 to 1 ratio there is a slight excess of
CO in the outgoing gases as compared with the
10 to 1 coke ratio. The loss in latent heat due
to this excess CO is more than compensated for
by the saving in fuel effected by using the higher
ratio. It was found that the temperature of the
resultant iron was unaffected by this reduction
in coke.

In taking samples of gas for analysis, at a
point of, say, 4 ft. above the tuyeres, it s
obvious that there is a tendency for the CO2to
vary according to the position of the coke layer
above the tuyere.

When the coke charge is just on the melting
zone, then the full C02 reaction takes place. As
the iron charge ,melts, the next layer of coke
descends, the CO02 reacts with this, and CO is
formed, increasing as the coke descends. Then,
as this coke reaches just above the melting zone,
the full CO2 reaction recurs.

It is necessary, therefore, to take frequent
samples over a period of time required to melt
completely one charge. The following analysis
illustrates this point, the samples being taken at
Intervals of two minutes:—

Sample No. 1. 2. 3 4.
CO2ieeeeeeee s 18.8 8.4 14.4 175
[ O3 @ I 1.2 18.0 7.6 5.2
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Tuyere Ratios.

There seems to be a difference of opinion amongst
cupola designers as to the correct ratio of tuyeére
area to cupola area. A mistaken idea is that
large tuyeres are difficult to keep clean and free
from slag. This is not the case where the correct
volume of air is used at a suitable pressure. As
stated above, the 4-ft. 6-in. cupola on which most
of the tests referred to in this Paper were made
has a tuyére area of 18 per cent. To find the
effect of different tuyére areas, various sizes were
tried by inserting liners into the existing tuyéres.
The results proved that a reduced tuyére area
considerably decreased the thermal efficiency of
the cupola, and reduced the melting rate. With
a 10 per cent, area the output of the cupola was
reduced by 20 per cent.

Further, to maintain the correct volume of air
with the smaller tuyéres it was necessary to
increase the pressure, and although, as stated, the
melting rate was reduced, the power consumption
on the fan motor increased 40 per cent. The
following figiures give the results of gas analysis
taken during one of these experiments. In Test
No. 1 the tuyéres were arranged to admit low
volume at a high pressure. Test No. 2 was taken
under normal working conditions.

Volume. Percentage.
Test No. T;iss\lfvre' Cub. ft.
- W.g. per min. Cco02 CO.
1. 28 3,000 8.2 21.2
2. 18 5,400 16.4 6.0

It has been stated that the volume of air can
be regulated, knowing the pressure in the wind
belt and the power absorbed by the blower. The
writer disagrees with this theory. It is well known
that the resistance in a cupola is not constant,
therefore it is possible that an increase in pressure
may indicate a decrease in volume, or vice versa.
This applies to 'both fans and positive blowers.
On the one hand, if the resistance is increased,
either by choking of the tuyeres from slagging
or poor quality of coke, or the blast-valve is
insufficiently open, the pressure will increase, but
the quantity of air delivered will be less, since a
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higher resistance causes a drop in the fan
capacity.

Consider again, towards the end of the blow,
when the charge is low, small resistance is offered
to the blast, the pressure drops, and a greater

Fig. 6.—Instrument for Recording Volume
and Pressure op Blast.

flow of air is obtained. If the blast is not pro-
perly controlled during the blowing-down period,
apart from the oxidising effect on the metal, it is
at this period when serious damage is done to
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the lining. In the case of a positive blower, if
the resistance is increased beyond a certain point,
the blast is exhausted through a relief valve fitted
between the blower and the cupola, which s
loaded above the normal working pressure, so that
more than the normal power is absorbed and
energy wasted.

Tests made with both types of blowers on several
cupolas definitely prove that the volume of air
passing into the cupola is not directly propor-
tional to the power absorption and the pressure.
Several results have been tabulated, and most
irregular figures were obtained. One is shown in
graphical form in Fig. 5.

As previously mentioned, constant volume of
air for a given cupola is essential to good cupola
practice, therefore to obtain efficient and econo-
mical working conditions, it is necessary that the
tenter should have before him a meter showing
the volume and pressure of air delivered to the
cupola, so that he can regulate his valve accord-
ingly. It is also desirable that this meter should
be of the recording type, so that the manager of
the plant can check the working of the cupola
throughout the heat. Many blast-indioating
instruments are actuated on the Pitot tube prin-
ciple, but many users have found these to be
unreliable, due to dust (which is prevalent in
most foundries) lodging in the small tubes, which
tends to give readings which are misleading.
Fig. 6 shows an instrument which simultaneously
indicates both volume and pressure. It is alsc
fitted with a recording apparatus, which supplies
an accurate chart showing both volume and
pressure during the blowing period, also all
stoppages.

Fig. 7 is a copy of the chart taken from a day’s
run on a cupola when no attempt was made to
regulate the volume of air. From this it will be
seen that the pressure at blowmg-in was 16 in.,
and when blowing down as low as 14 in. During
the other part of the melt the pressure varied
between 17 in. and 20 in., whilst the volume
(apart from the beginning and end of the blow,
which reached 8,000 cub. ft. per min) varied from
4,500 to 6,000 cub. ft. per min. On this occasion
the operator was unaware that the recorder,
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which was locked up and could not be seen, was
working. His instructions were to maintain as
far as possible a regular pressure, as indicated
on an ordinary mercury gauge fixed in the wind
belt.

To ascertain the effect of varying volumes of
air in a 4-ft. 6-in. dia. cupola, tests were made
in which the quantity of air was increased from
3,000 cub ft. per min. to 7,000 cub. ft. per min.
by stage» of 500 cub. ft. The iron and coke
charges remained constant throughout. These
consisted of 60 per cent, pig-iron and 40 per cent,
scrap. The total iron in each charge was 3
cwts. and coke 3 cwts., the coke ratio being 125
to 1, or 8 per cent. The weight of coke in the
bed was 27 cwts. The actual coke ratio, includ-
ing bed charge and not allowing for coke
recovered, being 1:10.8, equal to 9 per cent, of
coke.

Before changing the blast supply at each test,
which lasted one hour, the cupola was drained of
metal, and samples of iron were taken for analysis
and physical tests. During thtese tests the follow-
ing observations were made: (1) Vol. of air per
min.; (2) pressure of blast in in. w.g.; (3) power
consumption; (4) gas analyses at points 4 ft. and
6vft. above the tuyeres. (The CO02 was reoorded
every two minutes in the middle of each test to
obtain a fair average.) This was checked at
regular intervals from spot samples, from which
the CO and oxygen contents were estimated;
(5) temperatures were taken at these two points,
also at the tuyeres; (6) temperatures of the slag
and the metal at the spouts; (7) transverse and
tensile test bars were run from each test, also
bars triangulatr in section 10 in. long were cast
in a special apparatus to obtain the expansion
and contraction of the metal; (8) samples were
taken for analysis from the test bars, and com-
pared with the analysis of the iron charged; and
(9) slag analysis at each test. The whole of the
figures obtained in these experiments are too
extensive for insertion in this Paper.

The conclusions arrived at prove that volumes
below and above the normal give a low thermal
efficiency. The average C02 and CO gases are
given in Table I'l:—
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Table |l.—Gas Analyses with Increasing Blast Volume.

4 feet above tuyéres. 6 feet above tuyeres.

Volume. o CO. co02 CO.
7,000 11.0 14.0 13.0 10.0
6,500 14.0 9.0 15.2 8.0
6,000 15.6 7.0 17.0 5.0
5,500 16.0 6.5 18.4 4.2
5,000 16.5 8.0 18.5 3.1
4,500 11.0 13.0 16.0 7.0
4,000 10.5 14.0j 145 10.0
3,500 8.0 155 13.0 12.4
3,000 17.0 17.2 10.0 155

These results are shown in graphical form in
Fig. 8, from which it will he seen that the com-
bustion was distinctly most complete when the
volume of air was between 5,000 and 6,000 cub.
ft. per min., measured at the meter. At lower
volumes, whilst the temperature of the iron was
not appreciably low compared with the maximum
obtained at 5,500 cub. ft. per min., it was found
that, as the volumes and correspondingly the pres-
sure increased above this point, the temperature
of the furnace land the metal began to fall at a
much greater rate. Although the chemical
analysis of the iron varied little at each test (the
loss in silicon and manganese gradually increased
up to 7,000 cub. ft. per min.), the effect on the
physical strength of the iron was appreciable.

The average result of the transverse bars 2 in.
x 1 in. section tested on supports 3 ft. apart,
taken from the cast at 3,000 cub. ft. per min.,
was 24| cwts., with a deflection of 0.32 in. The
average tensile result from this cast was 8.7 tons
per sq. in.

The physical result gradually increased up to
5,500 cub. ft. per min., the transverse bars from
the test giving a result of 30 cwt. with a deflec-
tion of 0.371 in. The corresponding tensile bars
broke at 12.68 tons per sq. in. Athigher volumes
the strength of the iron decreased, and most of
the bars showed slight defects, and at the lower
volumes the slag analysis revealed low FeO con-
tent. At 5,000 it was 2.3, whilst at 7,000 cub. ft.
per min. the FeO was as high as 6.6 per cent.
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The average analyses of the materials taken at
this test axe :—

Resultant Metal taken from Test Bars.—Si,
2.68 per cent.; S, 0.068; P, 1.08; Mn, 0.36; G.C.,
2.89; C.C.,, 0.44; and T.C., 3.33 per cent.

Coke:—

As received. Dry.
Water . 1.52 per cent. —
Ash.. . 8.20 » 8.32per cent.
Volatile ..1.60 » 1.64
Sulphur .. 0.72 " 0.73
Carbon .. 8796

Average Slag Analysis.—Si02 47.4; Ala03
17.72; FeO, 3.78; MnO, 0.65; CaO, 28.6; and
MgO, 1.88 per cent.

The blast recorder chart taken during this test
is shown in Fig. 9.

A further interesting experiment was made
during this test. Samples of each cast were run
into a triangular-shaped chilled mould, one end
of which was closed by a block, shaped to suit
the mould, but capable of sliding freely in the
mould. Fixed in the inside surface of the block
at each cast was a screw, the head of which was
cast into the metal of the test piece. The other
end of the mould was shaped to prevent any move-
ment at this end. The block was fitted to a lever
mechanism which operated a pen on a chart fixed
to a clock, which revolved at one complete revolu-
tion in six minutes. The movement of the pen
relative to that of the block was magnified eight
times. A photograph of the apparatus is shown
in Fig. 10. It was found that, with high volumes
and pressures, an appreciable expansion takes
place in the metal, accompanied by a high con-
traction, whereas with low volumes the expansion
is nil land the contraction normal,

The results of three bars obtained in this series
of tests are shown on graph (Fig. 11). An en-
larged diagram over a period of two minutes is
shown on Fig. 12. It will be noticed from these
that no expansion takes place at 3,500 cub. ft. per
min., whilst at 7,000 cub. ft. per min. the expan-
sion is prominent. At 5500 cub. ft. per min. the
expansion is very slight and the contraction
normal. The length of the test piece was 10 in.
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The writer has seen the result of a similar test
(made in another country, where it is the practice
to work cupolas at a high blast) in which a bar
10 in. long expanded 0.06 in., the metal remaining
in this condition nearly 60 seconds. From the
same cupola with ia lower blast, using a similar
mixture of iron, the expansion was reduced to
0.015 in.

Table Il shows the result of an average day’s
melt in a 4-ft. 6-in. dia. cupola, which may be
considered typical of good practice. Fig. 13 is a
reproduction of the works daily charge sheet,
whilst Fig. 14 shows the blast recorder chart.

Table I11.—A normal day's run in a 4 ft. 6 in. dia. cupola.
:ms owds. grs. b,
Total pig-iron charged (80 per cent.).. 62 4 0 0
Total scrap charged (20 per cent.) 15 10 0 O
Total metal charged 7 14 0 O
Coke bed 1 4 0 O
Coke charged 6 6 0 O
Coke consumption per ton excluding
bed charge 0 1 2 13

Coke consumption per ton including
bed charge and allowing for coke

recovered 0 1 3 10
Total limestone charged 1 11 0 0
Limestone per ton 0 45

hrs. mins.
Hours run .. . 9 6
Stoppages :

Dinner .. .. . 1 0

Ladles .. .. . 40

Slag notch .. .. 4

Tuyeres . . 17
Total stoppages .. . 2 1
Hours blowing time . 7 5

Tons cwts. grs. Ib.
Melting rate per hour running time .. 8 10 2 0
" " " blowing ,, .. 10 19 0 O
Bedcoke included. Bed coke excluded.

Coke ratio . 1: 10.6 1 : 123

Coke per cent. 9.4 8
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Iron charges
Coke
Time lighting up
cupola charged
blast on
first metal past tuyéres
first tap
slagging
Duration of slagging
Volume of blast at recorder
Pressure of blast at recorder
Average temperature of metal

37 cwits.

3 cwits.
12 midnight.
4.0 a.m.
6.0 a.m.
8 minutes.
6.37 a.m.
Every 2 hrs.
10to 15 mins.
5,500cub.it. permin.
18in: w.g.

1,400 deg. 0.
" » slag 1,425 deg. C.
Slag per ton of iron.. 110 Ibs.
Slag Analysis .
Time. Flush. Iron. Ferrous oxide.
8a.m. 1 2.6 percent.  3.33 per cent.
10 a.m. 2 2.3 3.0
12 noon 3 18 2.38
2.30 p.m. 4 186 2.38
Analysis of Average Sample of Slag :
Sio,, 50.0 per cent.
ain3 130 >
PeO 2. if
MnO 13 +
CaO 29.2 i
MgO 3.6 I»
Iron 2.1 ty
Oas Analyses :
Time sampled 9a.m. 11.30 a.m. 1.30 p.m.
Where sampled ft. in. ft. in. ft. in. ft.in. ft. in. ft. in.
abovetuyére 4 0 6 6 4 0 6 6 4 0 6 6
Per cent. Per cent. Per cent.
CO, 150 170 160 180 162 186
0 — — 04 — - -
co . 80 7.0 70 50 56 18
Analyses of :
Pig Scrap. Remelt metal.
Iron. 7.0 12 2.30
a.m. noon. p.m.
Per Per Per Per Per
cent. cent. cent. cent. cent.
Silicon 3.2 2.7 2.8 2.75 2.7
Sulphur 0.03 0.06 0.07 0.062  0.065
Phosphorus 1.0 0.99 1.0 0.99 1.0
Manganese.. 0.4 0.35 0.32 0.35 0.36
Graphitic\ 285
Carbon 31 2.8 2.8 2.9
Combined\
Carbon  f 0.3 0.5 0.5 0.45 0.51
Total \

Carbon/ 34 3.3

3.3 3.35 3.36
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Coke recovered from bed .. .. .. 6f cwts.
Temperature at tuyeres .. .. ®» 1640 deg. C.
Diameter of melting zone before melting 4ft. 6in.
after » 5ft. 2in.
Depth of melting zone . .. ee 1ft.10in.

Experience has proved that the scientific con-
trol of the air blast at the cupola does pay, from

Fig. 15.—Volume Pressure Gauge.

the point of view of: (1) Economy in fuel; (2)
reduction in waster castings, and (3) saving in
iron losses. All oupolas, however small, should be
fitted with a volume indicator in addition to the
usual pressure gauge. Many writers on cupola
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practice have emphasised the importance of
measuring the air supply. Recently one writer
expressed the opinion that: “ Whilst volume
pressure gauges are a valuable appliance for
cupola correction, they are not suitable for being
permanently fixed to the cupola for daily use; but
the real reason why they are not in more general
use is that the cost is more than the average
foundry proprietor is prepared to pay.”

It is within the writer’s knowledge that the
installation of one of the instruments illustrated
in Fig. 15 at a certain cupola plant was the means
of saving approximately £100 per week in coke
consumption alone, apart from a reduction in
waster castings and savings in other directions.
In this instance the instrument paid for itself in
a few days.

The possible saving in fuel and waste is just as
important to the small foundry as to large pro-
ducers, whatever class of castings they turn out.
In some cases the iron represents a high per-
centage of the total cost. In others, where large,
intricate castings are involved, the preparation of
the mould is an expensive item. Yet, if the iron
poured into this mould is not correct, due probably
to inefficient cupola practice, the loss is consider-
ably higher than in the former case. In the
foundries under the writer’s control one-quarter of
a owt. of coke per ton of iron melted represents a
sum of £10,000 per annum, and ! per cent, loss in
iron a similar figure.

In conclusion, the writer desires to record his
thanks to Mr. W. Woodhouse, chief chemist to
the Stanton Ironworks Company, Limited, for his
assistance in conducting the various tests referred
to in this Paper.

JOINT DISCUSSION ON MR. MACKENZIE'S PAPER
AND MR. WILSON’S PAPER.

Mr. John Shaw, who opened the discussion,
said that Mr. MacKenzie’s Paper was of interest
because of its bearing on the production of low-
carbon iron from the cupola. He wished Mr.
MacKenzie could bring home to the American
Foundrymen’s Association Test-Bar Committee
that iron suitable for a 1”-in. diameter bar was



most unsuitable for thin or thick castings. Deal-
ing with the experiments, he said one was sur-
prised at the heavy coke ratios of 1:4, and also
that a bed should be 40 in. above the tuyeres.
The true melting zone for a cupola of the size
dealt with, with a 4-oz. pressure, would be about
12 in. above the tuyeres. In his view this fact,
taken together with the purity and varying
shatter of the coke, accounted for the wide
divergence in the carbon increase. With the poor
high-ash cokes it might be necessary to increase
the coke ratio, but with the pure cokes it was
defeating the object in view. Jennings (A.F.A.
Paper), in melting from 20 to 30 tons of all steel
per day, had found that he could obtain no result
at all when using a coke of 84 per cent. C, irre-
spective of the amount employed. With a coke
containing over 90 per cent. C and a low ash he
had experienced no difficulty, and had obtained
about 2 per cent. C in the resultant metal. He
(Mr. Shaw) used a ratio of about 1:7.5, with a
coke containing carbon of 88 per cent., and
obtained a metal of approximately 2.3 per cent. O.
Mr. MaoKenzie had made a point of “ Time in
oontact with coke.” It took 25 minutes to obtain
50 Ibs. of metal, even with the poor coke, but in
the only example given of a pure coke (Parco), 70
minutes had elapsed before any metal was melted,
and then it had come slowly, throwing out great
quantities of kish.

Sulphur in Metal Unrelated to S Content in Coke.

Continuing, Mr. Shaw said that, although he
had spent a good few hours studying Table II,
he must confess that, without personal explana-
tions by Mr. MacKenzie, he had not found it pos-
sible to arrive at many conclusions. Were we to
understand that, with the exceptions mentioned,
a uniform analysis was aimed at in all the experi-
ments? If so, there was a great variation in every
element, which variation was difficult to under-
stand. One thing was clear, namely, that addi-
tions of high-percentage material, such as FeMn
or FeSi, were very difficult to control unless one
took out the whole of the charges in one ladle. As
examples, he referred to Nos. 227 and 228, both
from onei melt, with Mn 0.04 per cent, in the first
ladle and 0.30 per cent, in the second; and to
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iNos. 316 and 317, with Si 2.22 and 1.45 per cent,
respectively. He could confirm the author’s con-
clusion with regard to the importance of the size
of coke and its influence on the final composition
of the iron. During the coal strike he had bought
some foreign coke with 0.8 per cent. S, which
corresponded to his usual specification. On the
first day’s melt with this coke he not only had a
sluggish iron, but he had ascertained from the
chill test before casting that the iron was too hard
for the work. On analysis he had found an
increased reduction in the C, Mn and Si. The loss
of Mn was nearly double the normal, while the S
content went up from 0.034 to 0.06. By decreas-
ing the size of the coke to about the normal size
the discrepancies disappeared, except in the case
of the S. From subsequent investigations, and
from information obtained from outside sources,
he had come to the conclusion that the S in the
coke was in two forms, one of which united with
the iron more freely than the other, hence the
gain of 0.06 per cent., which persisted while this
coke was used. Certainly the usual S analysis
gave no clue. He could not attain the tempera-
ture of 1,600 deg. C., reached by Mr. MacKenzie,
his highest being 1,475 deg. C., and he asked
whether Mr. MacKenzie’s figure was correct.

Influence of Increased Pressure in Loss of Elements.

Discussing Mr. Wilson’s Paper, he said that the
majority of the points raised did tend towards
good cupola practice, and Mr. Wilson had proved
that a self-registering chart did tend to ensure
better attention on the part of the cupola tenter,
if only because there was a visible record. With
regard to the test on a 4 ft. 6 in. diameter cupola,
with a series of tubes placed across it, he said he
gathered that the cupola was charged in the ordi-
nary way, but not lit. If it were lighted, it was
difficult to understand how the tubes were kept
in position, having in view the continually falling
charge. If, on the other hand, it were not lighted,
the test was not quite a true one. Discussing the
test with varying air pressures, he said that if Mr.
Wilson continued blowing without lifting the bed
at the end of the 3,000 cub. ft. per min. experi-
ment, and increased his pressure to 5,000 cub. ft.
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per min., he automatically raised the melting zone,
and, no doubt oxidised the metal slightly, with a
further loss of Mn and Si. As the strength of the
bars was on the low side in the first case, this
would account for the increase of the breaking
load in the second experiment. The raising of the
blast to 7,000 cub. ft. per min. without raising the
bed would lead to severe oxidation at once, and
would account for the cool metal and lower test
results. He (Mr. Shaw) could not accept that a
reduced blast volume accounted for the disappear-
ance of the two recalescence points usually found
in a high-phosphorus iron, and he suggested that
it was due to the quick cooling resulting from
pouring into a cold chill, which at once carried
the temperature below the change points. In the
second and third tests the chill was hot, as the
result of the previous cast, and the arrests usually
found in this metal had had time to develop.

Calculation of Oxygen in Blast Supplied.

Me. F. J. Cook (Past-President) agreed with
Mr. Wilson when he said that many people who
presented Papers on cupola practice prob-
ably only guessed, or had very poor methods
of determining, the actual volume of air
going into the cupola. In a Paper published in
the Institute’s Proceedings for 1913-14 very great
stress was laid on that point. He felt, however,
that Mr. Wilson had similarly erred. Any-
one who had to deal with the measurement of
compressed air had to employ a great deal of
mathematical calculation, as evidenced by the
Paper, and if one were going to deal on a mathe-
matical basis with the measurement of air, it was
essential that the methods adopted should be
accurate. The melting efficiency of a cupola was
dependent on the amount of oxygen put into it
by the air. Early in the Paper there was a
formula for the purpose of arriving at the cor-
rect amount of air. In the formula the author
had dealt with air in volume, and had assumed
that there was a definite quantity of oxygen in
every cub. ft. of air, but that was quite wrong,
the quantity of oxygen per cub. ft. of air would
vary almost every minute of the day, and there
would be very wide differences over longer periods.
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It was better to deal witli the quantity of oxygen
in a given weight of air, because then one took
into acoount the density due to height of barometer,
and so on, so that if the author would alter the
formula to deal with oxygen per Ib. of air, it
would be more correct mathematically. That
might appear to be a very small point, but he
could assure his hearers that that was not the
case. He had had something over 25 years’ ex-
perience of the measurement of air, and had known
differences of as much as 19 per cent, in the
amount of oxygen in cub. ft. of air. Very
often a cupola man would report that a
cupola was not working so well on one day
as on another, and that might be due entirely to
the variation in the amount of oxygen one was
putting into the cupola. With regard to tuyeres,
if the author would give the formula which he
arrived at the correct size and shape of tuyeres
it would add to the value of his Paper. He had
assumed that the correct tuyere area was well
known, but that was not the case. No doubt his
formula was on the basis of mean velocity. Dis-
cussing the diagrammatic measurement of volume
and pressure, he said he believed he could claim
to have been the first to apply diagrammatic
results to cupola working. At that time, however
—about 26 years ago—he had had a gauge which
would measure only pressure, and he was very
interested to know that there was now available a
gauge which would measure and give a diagram
of both volume and pressure. He asked, how-
ever, whether the gauge used by Mr. Wilson had
been calibrated, what were the means of calibra-
tion, and what density of air it had been cali-
brated on, because without some correction to
take care of differences in the height of the
barometer, and in temperature, etc., the amount
of oxygen actually going into the cupola might be
very different from the amount one thought one

was using.

Quantity of Air Admitted should Vary with Coke Charge.

Mr. A. Campion (Scottish Branch), referring to
Mr. MacKenzie’s paper, said he had intended to
raise the points which had already been raised
by Mr. Shaw with regard to coke, and he con-



92

sidered that the value of the paper was minimised
by the very heavy coke ratios. Coming to Mr.
Wilson’s paper, he was particularly glad to see
that the author had emphasised the necessity for
measuring the quantity of air. For many years
he had hammered into cupola men the fact that
it was necessary to measure the air as well as the
other materials. Efficient working depended on
the concentration of heat, and one wanted to
develop the heat of coke as rapidly as possible
in a limited space so as to get it transferred to
the metal with the minimum of loss. The author
had pointed out that the variation in the carbon
content of the coke must be taken into account
in arriving at the quantity of air to be admitted.
That reminded him (Mr. Campion) that the air
required for a cupola was generally stated to be
a certain quantity per ton of metal melted. It
always seemed to him that that was wrong, how-
ever, because the air was admitted for the purpose
of burning the coke; therefore, the amount of
air should be adjusted to the amount of coke to
be burned, and one should state the quantity of
air per unit of coke rather than the quantity of
air per ton of metal. In that way one would
dispose of some of the anomalies which arose in
connection with the quantity of air admitted to
a cupola. The correct method was to arrive at
the quantity of air, and then to put in the tuyeres
to suit, but he was afraid that in some cupolas
the tuyeres were put in in a more or less hap-
hazard way, and the air admitted depended upon
the capacity of the tuyeres and pressure of blast.
It was better to measure air by weight than by
volume, but measurement by volume was much
simpler in practice. In measuring by volume
one did introduce inaccuracies, unless there were
corrections not only for variations in the height
of the barometer and in temperature, but also
in humidity. The difference in the condition of
air as between a frosty day and a warm day was
very important; one was putting in a different
weight of air on a frosty day, with each revolu-
tion of the blower, than on a warm day, so that
there was a different concentration in the melting
zone. All these factors had to be considered,
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and until we got down more to the fundamentals
of these important points we should not make the
cupola the exact instrument which we all desired.

He had used with much success a modified Pitot
tube instrument, which being simple to use and

instal, was also sufficiently robust for every-day
foundry use.

Where Cupola Exhibits Maximum Temperature.

Mu. Cotin Grf.sty (Newcastle) said he was glad
that Mr. Campion had raised the question of
humidity. Practically all foundrymen were aware
that cupolas worked differently on wet and dry
days, although apparently all other conditions
were exactly similar, and he would be glad if
Mr. Wilson could quote actual experiences in
this connection. Discussing Fig. 2 in Mr. Wilson’s
Paper, showing the temperatures of the gases at
different heights in the two cupolas, he said that
from the curve as drawn it would appear that
the highest temperature was at the tuyere level.
He had never actually and seriously tried to take
cupola temperatures at, say, the melting zone,
but was it to be assumed from the curve that
Mr. Wilson considered that the highest tempera-
ture in the cupola was at the tuyere level, and
that there should not be a peak in the curve
between the readings at 4 ft. up and those at the
tuyere level? He mentioned the point because
the curve was one which was likely to go into
history as a record of actual temperatures in
the cupola. With regard to the absence of
expansion, which Mr. Wilson had attributed to
low volume, he said that, with Mr. Shaw, he did
not believe for a moment that the simple melting
of the iron with a much lower volume was going
to remove what was one of the fundamental pro-
perties of cast iron, namely, expansion almost
immediately after solidification. Referring to
Fig. 14, he confessed that he was surprised at
the wonderful regularity of the pressure and the
volume. He presumed that the cupola was run
at a constant volume, and he would have expected
a considerable change in the pressure during the
last half-hour of the blow, and also some variations
in the pressure during the course of such a long
run.
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Reliability of Measuring Apparatus.

A Member, dealing with Mr. Wilson’s Paper,
asked what was the shape and number of the
tuyeres used in the furnaces, and also what was
the height of the bed above the top of the tuyeres
before charging proceeded. Those who were
handling cupolas melting large quantities of metal
were always endeavouring to attain, as far as
possible, standard conditions, although there were
difficulties in that connection, and the proposal
to use blast gauges measuring both volume and
pressure was a step in the right direction. It
had to be borne in mind that founding conditions
were very difficult, very dirty, and not particu-
larly suitable for the regular operation of delicate
instruments, and he asked Mr. Wilson whether
the instrument he had referred to would stand
rough usage. If Mr. Wilson could give an
assurance that the instrument to which he had
referred could be so used, he was satisfied that
a considerable advance had been made.

Mr. V. C. Faulkner (Past-President) exhibited
a diagram handed to him by Professor Piwo-
warsky, which showed that if the amount of
blast put into a cupola were progressively
increased from 5,000 to 20,000 cub. ft. per min.,
the temperature would go up in a straight line
form, and that the tensile strength of the metal
would go up parallel with it, ranging from, say,
6 tons per sq. in. at something like 1,000 or
1,100 deg., up to 14 tons at 20,000 cub. ft. per
min. Professor Piwowarsky had pointed out that
the average cupola was incapable of introducing
20,000 cub. ft. per min., but that with suitable
modifications that amount could be admitted,
and a hotter and stronger metal could be
produced.

Mr. J. E. Fietcher (Consultant, B.C.l.R.A.),
speaking on behalf of Mr. MacKenzie, said that if
the members, in discussing the Paper, would take
notice of the kind of work which Mr. MacKenzie
had done generally—and it had been of a most
valuable character—they would find that he had
put an immense array of figures before them,
representing various types of practice, and had put
them forward generally, without reserve, in order



Fig. 7.— Copy of Chart taken from a Day’s Run on a Cupola without Regulating Volume of Air.
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that they might be studied. In this particular case
he had done the same thing. Those who had tried
to melt all-steel charges knew that it was very
difficult to do so without modifications in blast-
pressure, and so on. Those modifications, in a
small cupola, under such circumstances as those
obtaining in this case, had to be so small that one
could scarcely record them. Emphasising the
value of Table Il, he said that if the younger and
more scientific members who were taking an active
interest in the technical side of the subject would
study that Table and the Paper very critically
they would find there some very valuable informa-
tion. Mr. MacKenzie had brought forward a sub-
ject which had not been sufficiently touched upon
in the Institute’s Proceedings, it was the char-
acter of the coke whicli influenced melting condi-
tions, and Mr. MacKenzie had given information
which would enable one to follow up this subject
very advantageously by examining domestic condi-
tions, the cokes used, and the results obtained. It
was recognised in every foundry where any notice
was taken of cupola conditions that variations in
the coke produced important variations in the
melting results, and we were not yet quite certain
whether the trouble was in the air supply, or the
texture of the coke, or in the combination of quite
a number of circumstances, depending largely on
the rate at which the metal was running through
the coke in the coke bed. That was a condition
which required a good deal of examination. He
did not wish to criticise any of the points in Mr.
MacKenzie’s 'Paper, because he believed it was
written primarily so. that it might be read care-
fully and critically, and so that one might form
one’s own opinion upon it from actual practice.
Inasmuch as it dealt with the melting of all-steel
charges, a subject on which there was very little
information available, it furnished a basis for a
great deal of useful study.

Cleanliness an Essential.

Discussing Mr. Wilson’s Paper, lie congratulated
the author upon having obtained such uniformly
regular result with a cupola working under
what might be called good standard conditions,
with regular metal supplies, and, he gathered,
almost regular coke supplies. It must be borne
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in mind, however, that the author was dealing
with one class of metal—a fairly high-phosphorus
iron—and under very favourable cupola condi-
tions, so that one could get good results without
a great deal of difficulty; it was in the production
of higher-class irons that the difficulties and the
variations arose. The same cupola did not function
equally efficiently when melting an iron with 15
per cent, silicon and a very low phosphorus con-
tent as when melting high-phosphorus irons, but,
at the same time, it was a great advantage to have
a Paper of this description, showing what could
be done under regular conditions with a well-
designed cupola. Referring to coke ratios, which,
after all, was a question of the carbon in the
coke; again, air ratios were really a question of
oxygen per Ib. of carbon turned into OO 2 finally,
and it was upon the regulation of that that every-
thing depended. He hoped foundrymen would
bear in mind the value of being able to co-relate
pressure and volume, and that the instrument Mr.
Wilson had brought forward was really the reliable
instrument that was so much needed in the
foundry. The importance of cleanliness of plants
in connection with which such instruments were
used was of importance. He knew of blast-furnace
plants which were kept wonderfully clean and in
perfect good order, but he would not like to men-
tion the percentage of foundries in which such
conditions prevailed. Foundrymen could not ex-
pect to get such results as Mr. Wilson had referred
to unless they began to mend their ways, cleaned
things around the cupola, and made the atmo-
sphere and surroundings good enough to warrant
the use of a modern instrument.

Dr. Maurice L. Becker, referring to Mr.
MacKenzie’s Paper, confessed to a lack of know-
ledge concerning the relative merits and charac-
teristics of the various American cokes mentioned
in it. In order to make comparisons it was im-
portant that the measurable properties of the
materials should be stated. To a certain extent
this information had been given in the Paper, but
there seemed to be very little connection between
any reported property and the total carbon increase
in the metal tapped. A test which did not appear
to be reported was that for reactivity or combusti-
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bility. This test was quite well known, and the
values obtained by it would be extremely useful
in studying the relative effects of these various
cokes in the cupola. Rather more data as to the
rate of melting with each charge would also be
useful, if the author were able to include it.  The
results plotted in Fig. 1! were of particular
interest, and showed very clearly the importance
of coke control where it was desired to limit as
much .as possible the carbon pick-up during
melting.

Mr. A. Logan said they would all be in agree-
ment with the statement in Mr. Wilson’s Paper
that inefficient working had a serious effect on
certain elements in the iron during the melting
operation, and that silicon and manganese might
be considerably reduced due to excessive oxidation.
A further statement following that, however, to
the effect that absorption of detrimental gases
affected the temperature and fluidity of the molten
metal, also its physical and mechanical properties,
was rather a bold one. He asked whether Mr.
Wilson had carried out any work on that point,
what were the detrimental gases, and to what
extent were they absorbed.

Coke Ratios Melting Capacity.

Mr. Ben Hird asked Mr. Wilson to explain more
fully his statement that in a 4 ft. 6 in. diameter
cupola with a coke consumption of 8 per cent,
the melting capacity would be 12.78 tons per hour;
that if the coke ratio were 1 :10, or 10 per cent.,
the melting rate would be 10,2 tons per hour; so
that the higher the coke to iron ratio, the greater
the melting capacity of the cupola per hour.

Mr. Horace J. Young, in a written communica-
tion of Mr. Wilson’s Paper, said that most ordi-
nary foundries in this country could save coke and
iron, but in his experience it could not be done by
the installation of an intricate apparatus. More-
over, no. apparatus was better or cheaper than a
simple pressure gauge—home-made if possible—
and a Pitot tube properly installed. These, in the
hands of somebody who knew how a cupola worked,
were all sufficient, and no instrument in any other
hands was much good at all. He could not agree
that the expansion of any one iron could be

reduced from 0.06 to 0.015 in. by reduction of the
E
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blast. There must be more than one factor
operating to account for it, and it was not due
to the blast alone. If one worked a cupola at a
certain pressure, the coke bed must be made to
suit that pressure; if one worked it at a certain
volume, the coke charges must be made to suit
that volume. Given these obvious rules of work-
ing, he did not believe that the metal would be
affected hardly at all by either volume or pressure
within reasonable limits. The greatest mystery
about cupola practice was the mystery made about
it; if it were as intricate as was suggested, half
the cupolas in the country would not make cast-
ings, but they did produce them, and all that was
necessary was to introduce a little economy for
ordinary foundries and a little science for those
on special work.

Some Interesting Experiments.

Mr. R. A. Mott (Sheffield University) wrote
that it may he of interest to foundrymen to know
that experiments are being carried out at Shef-
field University to study the manner of burning
of metallurgical cokes under standardised condi-
tions. The experiments are performed in a small
cupola of 1 sq. ft. grate area, to which the air
(which is measured by means of a Venturi meter)
is blown in at the bottom. Gas samples are taken
at each 1] in. interval above the grate level, and
the temperatures are noted at the same points by
means of a disappearing type of optical pyrometer.
By using specified rates of air supply with mea-
sured weights (and sizes) of coke, it is possible
to compare for different cokes, the distance from
the grate at which the oxygen of the blast dis-
appears (reactivity with air), and also the extent
of the reduction of the CO, to CO in the higher
levels of the furnace (reactivity with C02), as well
as the temperatures developed. It is hoped that
by the use of cokes of known cupola performances
in such experiments, the significance of “ com-
bustibility ” and “ reactivity ” of coke may be
made clearer. Further tests are carried out to
measure the resistance of coke to breakage by
impact or dropping (the shatter test), and by
attrition (abrasion tests), and the porous struc-
ture of coke is studied by Rose’s method.



99

Structure of Coke and Combustibility.

Mr. F. Hudson, discussing Mr. MacKenzie’s
Paper, emphasised that the question of the pro-
perties of coke was of vast importance to the
foundry industry, and said that the trend of
modern progress lay in rigid specifications. He
was disappointed that the author had omitted to
give the volume of blast employed in his experi-
ments, together with actual temperature deter-
minations of the resulting metal in Table I, for
the various cokes tested. These would have been
well worth studying in conjunction with the text
of the Paper. Mr. A. Thau, the Superintendent
of the Dueben Coke Plant, at Halle, Germany,
had published an excellent series of articles in
“ Chemical and Metallurgical Engineering,”
dated February 11, February 25, and March 3,
1924, regarding the formation, structure and com-
bustibility of coke. He had pointed out that the
combustibility and reactivity of coke depended
upon its surface structure as well as its general
physical structure, and, as proof, he had given
some very excellent photographs. He had illus-
trated a specimen of sponge coke which, on an
ordinary grate, had behaved like firebrick, and a
seemingly dense coke which had behaved in an
exactly opposite manner; the latter coke was made
by the low-temperature carbonisation process.
Coke produced by a modification of the low-
temperature carbonisation process had given a
combustibility exceeding that of the best beehive
or bye-product brands, but the structure by frac-
ture did not appear to have an open texture at
all; it looked almost like black granite, and the
largest of its cells could be discovered only with
a strong magnifying glass. As yet, of course, this
material was not suitable for cupola melting con-
ditions, but he mentioned it in order further to
illustrate that the structure of a coke alone did
not seem a reliable index even when considered
with chemical analysis as to the reactivity of coke.
This should be borne in mind when considering
suitable coke tests whereby the equilibrium point
for any particular coke could be determined, as
shown by Mr. MacKenzie. Tn conclusion, Mr.
Hudson said that, his personal work in the melt-
ing of all-steel charges gave results which were in
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agreement with those obtained by Mr. MacKenzie.
With regard to the suggestion in Mr. Wilson’s
Paper as to slagging every two hours, he said
that many firms in this country and abroad had
an open slag hole all the time, and he would like
to know what was the effect of the leakage of air

through the slag hole upon the position and shape
of the melting zone.

MR. WILSON’S REPLY.

Before replying to the points raised in the dis-
cussion on this Paper, Mr. Wilson pointed out
that he had tried to make it as practical as
possible, for the reason that quite a number of
foundrymen who were keen on bringing their
plant up to a high state of efficiency, desired to
have results based on actual practice rather than
too much theory. The average man asked for
something which would help him to produce better
and cheaper castings.

Replying to Mr. Shaw, Mr. Wilson stated, with
regard to the test mentioned at the bottom of
page 4 of the Paper, that the pressures were taken
directly after the cupola was blown in. Special
arrangements were made to allow for the tubes
to descend with the charge, but it was only
possible to continue this test for a period of
fifteen minutes, due to the flexible connecting
tubes burning after that time.

Referring to the tests in which varying volumes
were used, several tests not published in the Paper
had been made for a long period with different
volumes, but the object of taking this particular
test on one day was to ensure that the conditions
remained the same. The cupola was not blown
down at each change of volume. The volumes
were changed at intervals of one hour.

He had already explained in the Paper the
periods at which the various samples were taken,
and particular care was taken to keep the condi-
tion of the cupola and the height of the bed, etc.,
as near constant as possible.

With reference to the expansion points, as
shown in the diagram, on bars obtained from iron
cast in chills melted at varying volumes, the
chilled mould in which these bars were cast was
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water cooled, with an arrangement for maintain-
ing a constant temperature at the time of casting.

Replying to Mr. Cook, he expressed the view
that, although it was well known that the per-
centage of oxygen in the air wvaried under
different climatic conditions, the measurement of
air by weight instead of volume would he a
complicated arrangement. The measurement of
air by weight was an excellent method, hut he
was afraid that under ordinary foundry condi-
tions this was impracticable.

Wilson Blast Meter is Standardised.

The instrument referred to in the Paper is
specially designed to withstand the conditions
usually found round and about a cupola. In
other words, it is not affected by dust and grit
contained in the air. As to the accuracy of the

instrument, he said that eachinstrument was

calibrated with a Pitot tube wunder standard
conditions.

He agreed with Mr. Campion that the quan-
tity of air should be referred to in terms of
* Coke Consumed,” and not *“ Per ton of Iron
Melted.” It is obvious that this is more correct,
as the coke ratio varies considerably, and for
this reason the formulae referred to in the Paper
are based on, not only the amount of coke, but
also their carbon content.

Replying to Mr. Gresty’s remarks as
temperature of gases at varying heights, as shown
in Pig. 2, he said the temperature was taken at
the tuyere level at a point a few inches inside
tbe cupola. He believed that the maximum tem-
perature was not obtained at this point. It would
naturally be greater at the melting zone, but it
would be very difficult to obtain the temperature
at that point, so that undoubtedly the curve as
shown in Fig. 2 would have a kink in it at some
point above the tuyere level.

The object of this test was not to obtain the
maximum temperature at the melting zone, but
to show the variation in temperature due to the
height of the cupola. In other words, to prove
that in the case of cupolas with a charging door
too low, the loss in sensible heat was more exces-
sive than in the case of higher cupolas.

to the
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With regard to the increased expansion obtained
on bars cast from iron melted with a high blast,
a large number of experiments made in course of
investigations in connection with casting in per-
manent moulds prove that a higher expansion is
obtained with oxidised iron. Referring to
Fig. 14, the regularity of the pressure and volume
curve proved that the cupola was working effi-
ciently, the tuyeres remaining clean throughout
the melt.

Tuyere Details.

Replying to Mr. Hudson, it is found that with
an open slag hole and continuous slagging, there
is slight reduction in temperature, and also a
higher percentage of iron shot in the slag.
Replying to another member with regard to the
shape and number of tuyeres used in the cupola,
he said that in the particular cupola referred to
in the Paper the number of tuyeres used was
eight. These were oval in shape, and the tuyere
area was 18 per cent, of the cross sectional area
at the melting zone. The height of the coke bed
above the upper tuyere was 18 in.

He agreed with Mr. Fletcher that with iron
having a high phosphorus content one could
work with a lower coke consumption, but with a
cupola properly constructed, with means of regu-
lating the blast supplies, this could efficiently
deal with the production of high-class irons with-
out any difficulty. In the latter case it is more
important to have some method of blast control
than when using common irons.

With regard to detrimental gases, mentioned
by Mr. Logan, it is well known that molten metal
can contain in varying degrees—oxygen, hydro-
gen, nitrogen, carbon monoxide and carbon
dioxide. An excess of any of these gases produces
unsound castings and affects the physical strength
of the metal. Castings produced from hot metal
are less liable to be affected by absorbed gases
than are castings produced from cold sluggish
metal.

Factors Governing Melting Rates.

Replying to Mr. Hird’s question with regard to
increasing the output of the cupola by increasing
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the coke ratio, he said that what he meant to
convey was that the lower the percentage of coke,
or the higher the ratio of iron to coke, the greater
the melting rate.

With regard to Mr. Young’s written communi-
cation stating that a Pitot tube was all that was
necessary, Mr. Wilson pointed out that, taking
into consideration the collection of dust under
ordinary working conditions, this must affect the
reading of the Pitot tube, and unless these tubes
were kept clean the results must he unreliable.

With regard to the expansion of the iron
referred to, the object of quoting these figures was
to show that this condition can arise where iron
is highly oxidised, producing a great expansion.
The particular case mentioned by him was not
obtained within reasonable limits, hut was only
given to show the possible results under very
abnormal conditions. The figures given were
not obtained in this country, but in a cupola
abroad where very high blast was used.

MR. MACKENZIE’S REPLY.

Mr. MacKenzie replied to the discussion on his
Paper in the following written communication :—

Replying to Mr. Shaw, the author states that
it was not the idea to obtain from each ladle exactly
the same amounts of silicon, manganese, etc. In
fact, it was felt that the information would be
better if some variation in these were allowed,
and, therefore, small taps were taken. It is well
known that in using high percentage alloys and
taking out small amounts, as was done in these
experiments, the variations are likely to be very
serious. In fact, in using ordinary materials, it
is common practice to use a receiving ladle so
that better mixtures may be obtained. It should
also be borne in mind that the small cupola used
was only 18 in. in diameter with a very low stack,
so that an excess coke had to take the place of
the stack, to some extent, in heating. We have
tried ratios of 6 to 1 of coke in all steel melts
in this cupola, and were very successful in getting
good temperatures, but with 17 per cent, ash coke
the iron could not have been handled in the ladle if
such coke ratios were used. Also, considering the
fact that the surface of the cupolavaries with the
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first power of the diameter, and the area varies
with the square of the diameter, it can be readily
seen that more coke is usually necessary in a small
cupola than in a medium size. In larger cupolas
other factors obtain, and this does not go to the
other extreme. The same is the argument for the
higher bed. With high ash coke it is necessary
to push air through a very long column of coke
to get the maximum temperature and carbon
dioxide. If the right bed had been used for the
Barrett coke we would not have been able to melt
with the high ash beehive coke, and in order to
keep the conditions the same, the bed was put at
a point where it would work with these cokes, not
with any idea that if we used Barrett coke in
a cupola consistently we would ever dream of
sticking to a 40-in. bed. Our personal opinion is
that if we had to use Dayton coke we would go
to a 60-in. bed.

The temperatures obtained have been recently
checked with the U.S. Bureau of Standards, and
the results will be published by the American
Foundrymen’s Association. The work done by the
Grey Iron Research Committee of the American
Foundrymen’s Association on comparative tem-
peratures between the optical pyrometer and the
thermo-couple shows that steam temperatures give
approximately theoretical correction for all mix-
tures, and the author entertains no doubt of the
approximate accuracy of these figures.

About the heavy coke ratios, which were also
mentioned by Mr. Campion, it is not felt that this
high amount of coke which was selected as a mere
convenience in handling the metal in small quan-
tities because it gave such excessive high tempera-
tures would change the ratio of the different cokes
whatsoever if the amount was cut to, say 6 to 1.
In one case we were able to handle all of the melt,
but fit 6 to 1 we would not be able to handle the
high ash coke at all. It is not believed that the
relation between the different cokes would be
changed at all by the absolute amount of coke used.

Replying to Dr. Becker’s remarks, the author
regrets that no figures were available for reacti-
vity. In fact, there is very little unanimity of
opinion as to the correct tests. A recent Paper
by Prof. Parr, of the University of Illinois, seems
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to give a very useful test which can be carried
out on a laboratory scale. We shall await Mr.
Mott’s experiments with considerable interest.
This test would seem to be a larger scale modifica-
tion of Prof. Bahr’s, published in “ Stahl und
Eisen,” volume 44, pages 1to 9 and 39 to 48. It
is hoped that the University of Sheffield will obtain
some of the more reactive cokes to supplement
charcoal, which is the upper limit of Prof. Bahr’s
experiments. The author would be glad to ship
Mr. Mott a sample of the Barrett coke, and prob-
ably could obtain for him one of the lighter petro-
leum pitches, if it is not available in England.
In conclusion, the author would thank Mr. J. E.
Fletcher for abstracting the Paper, and also for
his kindly remarks. A great deal of this work was
done before the idea of a complete series came
into being, and a great deal of information which
would have been obtained had the programme
been carefully made, was not obtained in the
earlier melts. As it was not possible to repeat
these, on account of the exhaustion of the coke
supplies, some data which were obtained on the
last of the melts were not put into the table.



STRESSES IN NON-FERROUS CASTINGS.

By Professor Cecil H. Desch, D.Sc., F.R.S. (Member)*

The existence of internal stress in castings is a
frequent cause of failure, giving rise to defects
which are familiar to every foundryman. All
metals are liable to internal stresses when cast
into shapes which allow of the cooling of different
parts at unequal rates, but the trouble is apt to
present itself in a more acute form in the non-
ferrous foundry than in the iron foundry, owing
to the conditions of solidification. The greater
the change of volume during solidification, and
the greater the solid contraction during cooling,
the more severe the stresses which will be
developed. Cast iron contracts on freezing, but
very shortly afterwards an expansion occurs,
owing to the liberation of graphite, and this ex-
pansion partly neutralises the effect of the con-
traction, so that stress is to that extent relieved.
Steel, on the other hand, does not undergo an
expansion, and as its casting temperature is very
high, there is a long range of temperature over
which contraction is occurring in the solid state,
and the liability to internal stress is therefore
great. Cooling stresses of this kind will obviously
be in greater proportion, as the reduction of
volume on freezing and the solid contraction are
greater, but other factors are also involved. A
very soft metal, such as lead, will yield to stress
so that the casting will deform more or less, but
will not crack. On the other hand, a hard bronze
or nickel alloy, with a high elastic limit, even at
temperatures above that of the atmosphere, will
be unable to yield, and is likely to develop cracks.
Table | gives the contraction on freezing and
the mean coefficient of linear contraction in the
solid state of the principal pure metals, but few
data as to their yield when hot are available.

Simple shrinkage is in itself able to account
for quite considerable stresses, but in some metals
and alloys the effect is acoentuated by the crystal-
line nature of the material. Metals such as
copper, silver, iron, lead and aluminium
crystallise in the cubic system, and their con-
traction is the same in all directions, but others,
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such as zinc, bismuth, antimony and cadmium,
crystallise in less simple forms, and contract more
in one direction than in another. For instance,
the coefficient of expansion (or contraction) of
bismuth is 16.2 x 10-' parallel to the axis and
only 12.0 x 10-6 perpendicular to the axis, and
although accurate determinations of this kind
have not been made for other metals, it is cer-
tain that all metals and alloys which do not
crystallise in the cubic system must show similar
differences. Such metals, for example zinc,
usually form crystals which are much longer in

Table L

Coefficient of Change of volume

MetalL linear expansion. on melting.

x 10°. Per cent.
Aluminium 27.4 6.4
Antimony 10 1.4
Bismuth 13 3.2
Cadmium 31 4.7
Copper 16.5 4.0
Gold 14.5 5.2
Lead 29 3.4
Magnesium 29 —
Xickel .. 16 - -
Silver 24 5.0
Tin .. 22 2.8
Zinc 26 6.5

one direction than in any other, and the high con-
traction in the direction of greatest length sets
up stresses which may be considerable. More-
over, such crystals grow most rapidly along the
avis' and exert a measurable thrust in so doing.
A consequence of this is that when a casting, such
as a long bar, begins to freeze, the outer shell,
which first solidifies, consists of long crystals,
thrusting against one another and causing an
apparent expansion, leaving small cavities in the
interior. For this reason, many brasses and other
alloys have been recorded as expanding during
freezing, whilst a determination of the density
proves athat no real expansion has taken place,
but that the cast bar is minutely porous. An
outer shell which has solidified in this way is in a
state of stress, which is greater the greater the
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difference in the coefficients of expansion of the
crystals in two directions at right-angles to one
another.

It follows that a mere knowledge of the
coefficients of expansion of metals and alloys
counts for little in deciding how much shrinkage
will be found in a casting, and empirical measure-
ments of actual castings of simple form are of
greater value. The shrinkage observed in this
way is the net result of a number of separate
changes, which may partly neutralise one another.
As an example, the values of the shrinkage of
light alloys of aluminium may 'be considered.
Various writers have given figures, which differ
remarkably little from one another, as the com-
position is varied within wide limits, although
every foundryman knows that the differences in
actual shrinkage are very large, and that' this
accounts in large measure for the popularity of
the alloys with silicon, which show a smaller
shrinkage than most alloys of the kind.

When an alloy consists of two constituents of
very different physical properties, stresses may
easily be set up. The gun-metal and similar
alloys mostly contain the eutectoid of copper and
tin, a hard, brittle material. The difference in
contraction between this and the adjoining solid
solution is so great that small cracks often start
from the patches of eutectoid. Rapid cooling
will diminish the size of any such inclusions, and
thus lessen the concentration of stress. Although
rapid cooling might be expected to cause thermal
stresses, this is often more than compensated for
by the smaller size of the crystals and by their
less regular arrangement, causing a more even
distribution of the small residual stresses. It is
for this reason that chill castings may be more
free from stress than sand castings, although at a
first glance the contrary might be expected to be
the case. When the chill is very severe, as in
pressure die-casting, there may be great shrinkage
stresses, and this has been observed with alu-
minium alloys. Pistons, when die-cast under
pressure, have been known to separate into two
concentric shells, completely distinct frcm one
another, owing to sharp contraction stresses
between the two rapidly-chilled surfaces. Ordi-
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narily, when the feeding of the die-casting is pro-
perly provided for, the metal obtained is com-
paratively free from internal stress, unless tthe
alloy is of such a kind that a transformation may
continue in the solid state after solidification.
Such a condition appears to be responsible for the
warping of some zinc base die-castings in the
course of time. The alloys of aluminium with
zinc contain an unstable phase, and the gradual
change to the stable condition sets up stress. As
an example, die-cast tensile test pieces of an alloy
of 93 per cent, zinc, 4 per cent, aluminium, and
3 per cent, copper, showed a distinct falling off
of tensile strength after one year, but the resist-
ance to shock was very greatly reduced, falling in
the same time from 76 to 8 ft.-Ib. sq. in., although
chemical action was prevented. This effect must
be attributed to internal stress.

Many alloys pass through a brittle range during
the process of cooling, and within certain limits
of temperature they are easily fractured. All
alloys of copper and zinc have this property. For
cast brasses of the alpha-beta type this range lies
in the neighbourhood of 300 to 500 deg C., and a
similar range is found in the tin bronzes. Advan-
tage is taken of this fact in knocking off the
runners of castings, but it is obviously dangerous
to shake or handle castings while within this
range of temperature.

Any local heating subsequently to casting is
liable to set up stresses. Burning-on at defective
places is a prolific source of trouble. It may
happen that the burnt-on portion may appear to
be quite sound, and that cracking will occur at a
later stage. Monel-metal castings which have
been treated in this way sometimes crack violently
some ten minutes after making the weld.  Such
trouble can only be avoided by annealing, taking
care that the metal cools from the welding tem-
perature slowly enough to allow of the gradual
relief of stress. Large castings have sometimes
split suddenly without known cause, and the pre-
sence of dissolved gases has been suspected as
being responsible. Much work is now in progress
on the removal of gas from casting metal, and it
remains to be seen whether the measures which
are recommended will lead to the production of
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castings which are less liable to crack as the result
of internal tension.

A remarkable case of cracking of -castings
through internal stress is that of the valve cast-
ings used in the construction of the Catskill Aque-
duct for a supply of water to New York, an
account of which was published in 1915. These
castings were of the alloy usually called manganese
bronze, and were very large, sometimes up to
10 tons in weight. Although they had been sub-
jected to hydraulic test pressures of 200 or 300 Ib.
per sq. in. jfor half an hour or more, they
developed leaks some months later under very
small pressures, and these leaks became larger
in course of time. An analysis of one of the
castings gave:—Copper, 58.5; zinc, 39.1; tin, 1.0;
iron, 1.4 per cent.; lead, trace, and manganese,

A

none. The structure was that of an approxi-
mately 60: 40 brass, composed of beta crystals
containing numerous isolated alpha crystals.
Many of the valves and other objects had been
repaired by “ burning-in,” cracks and other de-
fects being filled by melting in some of the same

material. Sound welds were obtained in this
way, and the castings had every appearance of
being in good condition. It was only after an
interval of time that failure occurred. The

matter was investigated by the U.S. Bureau of
Standards in 1916, and experiments were made
by casting frames of the shape shown in Fig. 1,
cutting through at the point A, and burning in
a supply of the same metal, making a weld. By



sawing through this arm of the frame, after
having removed the pouring gate, it was possible
to measure the stress in the casting by measur-
ing the change in distance between two gauge
points previously marked. Tensile stresses rang-
ing from 2.8 to 4.3 tons per sqg. in. were found
to exist. Calculations showed that a stress four
times as great might have been expected theo-
retically, so that in all probability there had
been some plastic yielding of the alloy, the elas-
tic limit being exceeded. This would leave the
other parts of the casting near to the repair in
a state' of severe internal stress, similar to that
which is found in a severely cold-worked metal.

Fig. 2.

The subsequent cracking would then be of
exactly the same kind as the “ season-cracking”
of cold drawn tubes and rods. It would not occur
immediately, but after an interval, as in season-
crack’ing. The failure was not in any way due
to the weld metal itself, which gave normal tests
and structure, but to internal stress, which could
not be removed by subsequent annealing, owing
to the large size of the castings.

A more obscure condition of stress, in which
the writer has taken particular interest, is that
which manifests itself between the individual



112

crystal grains of a cast metal. It is well known
to all who have been concerned with the casting
of marine propellers in manganese bronze or
similar alloys that occasionally a brittle casting
is obtained, which may fracture on a blow, in-
variably showing a coarse intercrystalline frac-
ture. A fragment of a broken propeller of this
kind is shown in Fig. 2. In this case fracture
occurred when a blade of the propeller happened
to strike a floating plank. The crystal grains of
such castings are occasionally of enormous size,
the shape of one, which was of the size of a
turkey’s egg, being shown in Fig. 3. In the
writer’s experience, castings which have behaved

in this way have always consisted either of the
beta constituent only, or of beta with a
relatively small proportion of alpha, and
they have contained a high proportion of alu-
minium. The late Prof. Huntington noticed
that very coarse crystalline alloys of this kind
would disintegrate if placed in mercury, and this
test has proved useful. The fragment of pro-
peller in question, if immersed in mercury, will
break up in the course of thirty seconds into a
loose mass like sand, each particle being a single
crystal grain. Other specimens disintegrate more
slowly, and the process may take minutes or
hours. Others, again, although with grains as
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coarse as the specimens in question, are not
loosened by the action of mercury, but are evenly
amalgamated without penetration along the grain
boundaries. The effect strongly recalls the use of
mercury or of mercuric salts as a test for season-
cracking. Cold-worked brasses are sometimes in
a condition in which spontaneous cracking may
occur, perhaps months after manufacture, on ex-
posure to corrosive fumes or by a change of tem-
perature. The mercury test produces sudden
cracking, which is evidence of internal stress.
Reasoning from analogy, it may he supposed that
the castings which respond to the action of mer-
cury in this way are also in a condition of stress,
and this conclusion is almost certainly justified.
A comparison may be made with the action of
tin or solder on brasses at high temperatures, to
which attention was first directed bv Dickenson,
who described a beta brass (so-called manganese
bronze) of the following composition :(—

Copper, 55.75; zinc, 36.77; manganese, 3.87;
and aluminium, 2.56 per cent., which cracked
owing to the penetration of molten solder between
the grains. It was shown that the solder could
only penetrate while the brass was under tensile
stress, and the alloy could be brought into con-
tact with liquid solder when the specimen was
under compression or on the compression side of
a bent bar without producing any effect. Failure
under tension was obtained in a number of
brasses, and in most instances the penetration
could be seen to follow the boundaries of the beta
grains. The more regular the polyhedral struc-
ture of the brasses the more readily such failure
occurred. A very similar kind of fracture is seen
when gases penetrate into metals, as for example,
when hydrogen is forced by electrolysis into cop-
per or iron. The gases penetrate along the grain
boundaries and may readily cause rupture.
Brasses which on slow cooling give an alpha and
beta structure fracture more readily in contact
with  mercury or with molten metals when
quenched from a sufficiently high temperature to
give them the structure of a homogeneous beta
alloy. The writer has made a large number of
experiments for the purpose of discovering the
exact conditions under which disintegration could
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be brought about by mercury. A complete beta
structure is the most favourable, and it appears
that the presence of some metal other than zinc
is usually necessary. In one series of experi-
ments brasses were made to have a simple beta
structure by varying the zinc and adding a suffi-
cient quantity of aluminium, manganese or sili-

con. It was found that 2 per cent, of aluminium
was necessary to produce disintegration, but this
might be replaced by a rather larger quantity,
perhaps 3 per cent, of silicon. On the other hand,
manganese did not tend to develop this type of
brittleness, and it is of interest to notice that
in the Japanese navy much attention has been
given to alloys containing as much as 4 per cent.
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manganese for the castings of propellers, and it
is understood that these are not so liable to ex-
hibit great brittleness. That the question is not
merely one of chemical composition is shown by
the behaviour of a casting which was examined
recently. The analysis of this casting was:—
Copper, 64.40; zinc, 26.55; iron, 1.55; manganese,
1.84; and aluminium, 5.30 per cent.,, with only
minute quantities of other metals. The structure
was that of a beta brass and the mechanical pro-
perties in the cold were excellent, although it was
possible to produce a brittle intercrystalline frac-
ture by moderate heating. Mercury did not cause
disintegration unless the surface to which the
mercury was applied was in tension. The alu-
minium in this alloy is remarkably high, and
nevertheless direct disintegration by mercury
without stress was not produced. When the sur-
face of an alloy of this kind is amalgamated and
a section is cut through and examined by means
of the microscope (special precautions being neces-
sary to avoid the smearing of the amalgam) it is
seen that amalgamation has advanced along the
grain boundaries, whilst the crystals as a whole'
are unchanged. The behaviour of castings having
the simple polygonal grain structure of beta brass
may be illustrated by Fig. 4. These polygonal
masses contract in cooling, and there is, there-
fore, a tendency for each grain to pull away from
its neighbours, the stress in one such grain being
indicated by arrows. The more simple the form
of the boundaries the more likely is rupture to
occur, and this is in accordance with the fact
that such brittle fractures are almost always
accompanied by a simple polygonal "structure.
W hether it is considered that an amorphous
material exists between the grains or not, it is
certain that chemical action, including amalgama-
tion by mercury, can proceed most readily along
the boundaries, and when considerable stresses
are present at tbose boundaries the material may
break up. It seems very probable from analogy
with season cracking that rupture by chemical
means does not occur unless a state of stress
exists in the region to which the reagent pene-
trates. Why there should be so much difference
between different castings remains unexplained.
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DISCUSSION.

Largest Crystal Grains Absent in High-Grade
Manganese-Bronze Propellers.

Mr. Wesley Lambert (Vice-President) com-
mented on the author’s statement regarding the
very large crystal grain structure to he found
in some large marine-propeller castings. As one
who had had a very considerable experience ir.
the manufacture of heavy manganese-bronze
castings, weighing up to 30 tons apiece, he pointed
out that it would be a most alarming thing were
the Paper to be allowed to be published broadcast
without a correction being made. He felt sure
that the purchasers of marine propellers and of
other heavy manganese-bronze castings would be
extremely chary about ordering these castings if
there was even a likelihood of the crystal grain
size in any part of a casting even approaching
that shown in Fig. 3, which represented a single
crystal grain of several centimetres diameter. He
believed he recognised in Fig. 3 a crystal grain
which he himself had loaned to Professor Desch.
Professor Desch had published a Paper on the
isolation of metal grains, and at the conclusion of
that Paper had written that he hoped in the near
future to succeed in isolating larger grains. He
(Mr. Lambert) had sent Professor Desch the grain
illustrated, and he could only surmise that, seeing
it came from a propeller manufacturer, Professor
Desch had concluded that it must have resulted
from a very large casting, presumably a propeller.

Original Chill and Large Grains.

As a matter of fact the large grain in question
came from a small bulk of metal weighing only
about 200 Ibs. Explaining the circumstances
under which the large grain was obtained, he
said that on a certain Monday morning manganese
bronze was being extruded, and a chill-cast billet
had fallen to pieces while being removed from the
reheating furnace. Among the pieces of metal
was found the large single crystal grain shown in
Fig. 3. He was sent for and informed that there
was something radically wrong with the metal as
evidenced by the large grain structure exposed
on the fractured surfaces of the billet. Inquiring
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as to when the billet was put into the reheating
furnace, he was told that it was put in that
morning. He came to the conclusion, however,
that the billet had been put into the furnace
on the previous Saturday morning, and that when
the whistle to cease work had blown the men had
not troubled to extrude the last remaining billet,
but had allowed it to remain in the furnace until
the Monday. Then, when the furnace had been
fired on the Monday morning, the billet had been
left at the back of the furnace, until at last it
was brought forward for extrusion and had fallen
to pieces as it was handled.

It is practically impossible, when following the
ordinary routine practice, so to cast a propeller,
even when weighing say 30 tons, as to produce
a crystal grain of the size shown in Fig. 3. He
had examined many propellers accidentally broken
during the war, and in several instances sections
had been cut right through the heavy root portion
adjacent to the boss of a blade, planed, polished
and etched, and he was in a position to affirm
that it is extremely doubtful whether one would
ever happen upon a crystal grain of a diameter
larger than | in.

The text of Professor Desch’s Paper might lead
one to believe that in large castings of manganese
bronze one can find large grains of the size illus-
trated in Fig. 3 of his Paper, but this was not so,
and he was sure Professor Desch would readily
admit his error in this respect.

Composition and Large Crain.

Professor Desch, replying, expressed regret
to Mr. Lambert for having misunderstood his
communication. It was true that the grain re-
ferred to was the one Mr. Lambert had sent him,
and he had inferred, from Mr. Lambert’s letter,
that it had come from a propeller. He was quite
prepared to admit that grains in castings never
were that size. However, he had had propellers
from other sources with crystals of very large
size, and it was, after all, a matter of degree. A
crystal with a diameter of f-in. was pretty big,
and he was referring to crystals which would
break apart and give such a coarse fracture that
the size of the crystals was visible to the eye.
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The cause of such unusual crystallisation was still
obscure and was worth investigating. A simple
cast billet of such bronze could not be made to
give excessively large crystals by heat-treatment
alone. When, however, there was any local chill-
ing in a casting, cooling stresses might be set up,
so that on re-heating the mass of metal was in a
similar condition to a mass which had been cold
worked, and therefore grain growth could take
place. It was quite possible that the occurrence
of exceptionally large grains in some propellers was
due to such local stresses, but the conclusion had
not yet been proved. It was remarkable that such
grains were only observed within certain ranges
of chemical composition.

Result of Insufficient Feeding May Resemble
Contraction Stress Pull.

Mb. Wesley Lambert, reopening the discussion
on the following day, said that he had again read
Prof. Desch’s Paper, and would like to bear testi-
mony to the fact that it was a really valuable
contribution, containing ,a considerable amount
of very useful information. Discussing the Paper
further, he called attention to the author’s state-
ment, in a reference to chill castings, that “ When
the chill is very severe, as in pressure die-casting,
there may be great shrinking stresses, and this
has been observed with aluminium alloys. Pistons,
when die' cast under pressure, have been known
to separate into two concentric shells, completely
distinct from one another, owing to sharp con-
traction stresses between the two rapidly-chilled
surfaces.” It so happened, he said, that a few
days jago a member of the Institute had sent
him a gunmetal plate, having a superficial area
of about 2 sgq. ft. and about | in. thick. The
casting appeared to be quite good, but the mem-
ber in question had had occasion to machine it
somewhat deeply, and had then found, to his
great consternation, that there appeared to, be
some defect. In exploring it he had found that
there was a wall space in the interior of the cast-
ing, and that it was possible, without very much
trouble, to divide the casting into two distinct
parts. This was not at all an uncommon thing
in non-ferrous work when one was casting thin
castings. Prof. Desch, apparently, would lead
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one to believe that it was due to contraction
stresses. If it were due to contraction stresses,
however, one would expect to find some evidence
of rupture of metal, but, as a matter of fact,
in the majority of these cases, if one examined
the surfaces exposed by tearing the two apart,
one found that the crystal formation had not
been disturbed by fracture or rupture in any way.
There were skeleton crystals and perfectly-formed
crystals exposed, and he believed it would be found,
if one examined them closely, that the trouble
was due to -a dual freezing, i.e., freezing taking
place on both sides of a thin casting, and that
there was insufficient liquid metal to follow up
the contraction. It did not appear to be due so
much to contraction stresses as to the fact that
one had not been able to feed the thin casting.
In order to demonstrate that this was not at all
uncommon, he said that on several occasions
specimens had been sent to him and he had been
asked for advice as to how to get over the trouble.
The remedy suggested itself. One must endeavour
as far as possible to get the freezing to take place
from one side of a thin casting. That could be
done by having one half the mould warm and the
other half colder. He had met cases of pistons
showing two concentric castings, one inside the
other, but he had no evidence whatever that they
had parted as the result of internal contraction
stresses; the trouble was due to the fact that
the castings were improperly fed.

Burning-On and Annealing.

Later on in the Paper Prof. Desch had referred
to burning-on at defective places as being a pro-
lific source of trouble. Unfortunately, however,
burning-on had to be resorted to, and Prof. Desch
went on to say that such trouble could only be
avoided by annealing. It was very kind of him
to call attention to that fact, but all practical
foundrymen recognised that when they had to
have resort to burning-on, an annealing operation
followed, otherwise there would be many more
failures to record than were factually recorded.
Reference had also been made to the cracking of
valve castings used in the construction of the
Catskill Aqueduct to New York. He had been
asked, in 1915, by American authorities to con-
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tribute to the investigation into the failure of
these valves. It was true that in some instances
the valves had failed because of the burning-on
that had been carried out, which apparently had
not been followed by adequate annealing, but in
some instances these large valves had failed
because the core was not made in such a manner
that it would collapse sufficiently to enable the
casting to contract as it should have done
normally. He did not think that, at the time the
castings were made, the makers had understood
the idiosyncrasies of manganese bronze to the
extent that they were understood to-day.

Manganese-Bronze Propellers.

A statement in Prof. Desch’s Paper which
needed a little explanation was to the effect that
it was well known to all who had been concerned
with the casting of marine propellers in man-
ganese bronze or similar alloys that occasionally
a brittle casting was obtained, which might frac-
ture on a blow, invariably showing a coarse inter-
crystalline fr-acture. Such a statement, said Mr.
Lambert, might arouse some suspicion in the mind
of the purchaser of a propeller as to whether he
had not got hold of one of the brittle ones. Some
15 years ago the high-tensile bronzes, i.e., the
bronzes of the beta range, were introduced, and
on account of their high tenacity and good elonga-
tion they were considered to be an excellent
material for propellers, so that a very large num-
ber of propellers was made in the beta bronzes.
Unfortunately, however, these beta bronzes had
to be controlled within very narrow limits, and he
believed propeller manufacturers would concede
that 14 or 15 years ago a rather brittle propeller
blade or solid propeller might occasionally have
been made, but he was pleased to say that to-day
they knew the limitations of the beta bronzes.

The Mercury Test.

Discussing the mercury test, referred to by Prof.
Desch, he said that with the beta bronzes, of a
brittle character, one could get disintegration in
a very short time, but the bronzes of the alpha-
beta type, which were used more than the wholly
beta bronzes, did not disintegrate in mercury to
anything like the same extent. He had asked
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Prof. Desch whether he had arrived at an ex-
planation of the inter-penetration of mercury,
and the reply was that he was still carrying out
research work in that direction. The penetration
of manganese bronzes, particularly the beta
bronzes, by mercury was a very interesting pheno-
menon. Incidentally, one would gather from the
Paper that the late Prof. Huntington had dis-
covered this remarkable effect of mercury on
bronzes. Dr. Rogers was credited with having
first published this effect, but, .as a matter of
fact, it was within his (Mr. Lambert’s) knowledge
that some years before Dr. Rogers had dealt with
the subject the effect of mercury on brasses had
been discovered as the result of the fulminate
of mercury wused in the detonating caps of
cartridge cases having caused the fracture of a
very large number of cases.

Mr. A. Logan was glad that Prof. Descli had
drawn attention to the question of volume changes
during solidification, because this point, parti-
cularly with regard to non-ferrous alloys, was one
on which a great deal more information was
required. He had experienced with gunmetal
what Prof. Desch called “ apparent expansion.”
If one had a gunmetal liner, for instance, 10 ft.
or more long, 14 in. dia., and, say, l£ in. thick,
and moulded it in a box which was rather small,
so that there was only a small thickness of sand
on the joint, it was quite possible to see the
result of the actual expansion of that casting.
It was such that the two halves of the box were
actually forced apart, and one could see the red
casting showing through the joint. That was a
case in which expansion was not merely
“ apparent,” but very real. Prof. Desch ex-
plained it by saying that it was due to the thrust
of the crystals. Whatever it was due to, it was
very interesting, and was a point which required
further investigation. Of course, the final result
was a contraction or shrinkage. The statement
in the Paper, already referred to by Mr. Lam-
bert, that it was well known to all who had been
concerned with the casting of marine propellers
in manganese bronze or similar alloys that occa-
sionally a brittle casting was obtained, was incor-
rect, and likely to be misleading. This point had
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been effectively dealt with by Mr. Lambert, how-
ever, and he (Mr. Logan) would only add his own
confirmatory evidence.

Prevalence of Contraction Strains.

Mb. H. O. Dews (London) wrote that, on read-
ing the first two sentences of the Paper, the prac-
tical foundryman s likely to be seriously per-
turbed by the reflection that yet another worry
is being added to the already multifarious troubles
he has daily to overcome. It seems desirable to
ask Prof. Desch if he intended to convey that the
position is quite so serious as his words may lead
one to suppose. Considering the large number of
castings which are put into service “ as cast ” one
cannot imagine the presence of internal strains
to be very widespread. If internal stress were
liberated during the life of the castings one would
expect deformation or cracking to occur. Such
cases, however, are seldom reported, and even in
the latter eventthe cracks can generally be ascribed
to causes other than internal stress. One is thus
forced to the conclusion that the internal stress
is locked up harmlessly in the casting till, in the
course of years, it finds its way back to the scrap-
heap, or else stress is not present to such an extent
as may he presumed. There is little doubt, as
Prof. Desch points out, that “ burning ” is a pro-
lific cause of dangerous internal stress, but the
severe local heating and cooling in this case is not
usually met with in the ordinary cooling of a
complete casting.

It is difficult to agree with Prof. Desch that
volume change on solidification is responsible for
internal stresses. It is well known how metals
and alloys rapidly lose their strength at high tem-
peratures. Researches seem to indicate that the
fall generally persists to a very low value, and
although at some temperature below the melting
point the temperature-stress curve may straighten
out, it seems reasonable to suggest that near the
melting point the strengh of most alloys is only of
the order of a few pounds per square inch. No
internal stress of any appreciable magnitude could
be held by an alloy in such a weak state.

There appears to be a little confusion in the
reasoning of the paragraph which states that
coefficient of expansion figures are of little value
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to patternmakers in dealing with shrinkage allow-
ance. It can readily be agreed that good working
rules can be obtained by measuring actual cast-
ings, but it is sometimes desirable to have a more
scientific check on these figures. This can be cal-
culated from coefficient of expansion data where
such are known up to near the melting point of
the alloy. Figures from ordinary temperatures
to near the melting point are not generally avail-
able, but in cases where they are known remark-
able agreement can be seen to exist between the
net expansion obtained from those figures and
that found empirically by the patternmaker. It
is important also in making such a comparison to
deal only with sound castings, as the presence of
internal cavities may seriously affect the
apparent shrinkage. In  choosing aluminium
alloys to illustrate his remarks Prof. Desch
has  confused that portion of the total
shrinkage which the foundryman has to con-
tend with and that which s rectified by the
patternmaker. The difficulty in the foundry with
some aluminium alloys and the ease with which
others may be cast is due to a high liquid contrac-
tion and volume change on freezing in one case
and low values in the other. The foundry-
man can make good the liquid contraction
and volume change on freezing by suit-
able feeding and the pattern has to rectify
the solid contraction, which may be much
the same for alloys with very different liquid and
pasty contraction values. No allowance which
the patternmaker can put on will make good the
shrinkage which takes in the liquid, and on pass-
ing to the solid, and conversely, once these two
stages are past, none of the foundryman’s artifice
can make good the solid contraction. From this
point of view it would not seem reasonable to ex-
pect published data on the solid contraction _to
agree with the foundryman’s observations which
refer to the alloy in the liquid and pasty stage.

Mr. S. B. Hole -wrote asking whether Dr.
Desch considered that disintegration of bronzes by
action of mercury is due to penetration of mer-
cury into the intercrystalline cement which (due
to strain to which it is subjected) amalgamates
much more readily. The strain gradient present
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probably causes an “ active ” condition in which
an amalgam is formed and the cohesion between
grains being destroyed, disintegration takes place.

Author’s Reply.

Professor Desch wrote in reply that the use of
mercury salts for the detection of stress in
severely cold-worked metals, such as brass car-
tridge cases, was, he was well aware, known many
years ago. The separation of grains of beta brass
in a casting by immersion in mercury was quite
a different thing, an effect which had not yet
been explained, and possibly unconnected with
stress. He first learned of it from Professor
Huntington, and he was not aware of any previous
observation of the kind. The statement in the
Paper was therefore correct. He was not prepared
to say whether the explanation was that suggested
by Mr. Hole. This was one of the cases in which
the hypothesis of the amorphous cement fitted
the facts well, but he was not ready to commit
himself to that hypothesis without further inves-
tigation. Mr. Dews had rather missed the point
of the remarks concerning expansion figures. The
coefficient of expansion was a most useful figure
to know for the purpose of calculating contraction
allowances. Unfortunately, it was known for very
few alloys, and most of the published figures,
especially for aluminium alloys, were worthless.
The extent of the volume change during solidifi-
cation was chiefly of importance for die-casting.
It was quite unknown for most metals, and it
was only lately that an apparatus had been devised
and constructed in the University of Sheffield, by
means of which that quantity could be determined
accurately.



NOTE ON THE MANUFACTURE OF STEAM CYLIN-
DERS FOR LOCOMOTIVES AND PISTON RINGS
FOR THE PARIS-ORLEANS RAILWAY COMPANY.

By L. Audo, Ingenieur des Arts et Metiers, Works
Director of the Paris-Orleans Railway Company.

[French Exchange Paper.]

« There will therefore be two things to consider
in experimental research: Firstly, the art of
obtaining exact facts by rigorous investigation:
secondly, the art cf applying them by means of
experimental reasoning, in order to establish
knowledge of the laws of phenomena.”

Claude Bernard.
On “ Observation and Experiment.”

The manufacture of high-tensile eastings pre-
sented difficulties at a time which may he regarded
as having preceded the war, when the methods of
investigation available to foundrymen were rather
crude. Manufacture was governed entirely by
empiricism and observation. The production of
high tensile metals was restricted to a few ‘firms
who had acquired a world-wide reputation which
was no doubt deserved, and to the special metals
employed, which were generally of British origin.

In his Paper presented to the Paris Congress
in November, 1925. M. Varlet defined these special
irons as follows: metals manufactured with cold
blast, at low pressure, in small blast furnaces
heated by coke or wood charcoal. The mechanical
properties of such metals, when subjected to
similar tests, are undeniably superior to those of
irons manufactured in blast furnaces of large
capacity worked with hot blast. These differ-
ences can be ascribed only to the method of pre-
paration, it being impossible at present to deter-
mine their precise cause.

Nevertheless, the productive capacity of small
blast furnaces is restricted, whilst the cost price
of the iron obtained is high. The difficulties of
importation during the war, and later the regret-
table influence of the exchange impelled Con-



126

tinental foundrymen to endeavour to obtain high-
tensile castings from the products of their own
country’s soil.

The manufacture of semi-steel projectiles dur-
ing the war was a first step towards the desired
result. But even the manufacture of these was at
that time carried out, for the most part, in an
empirical manner. The scientific study of such
metal by M. Portevin, who has determined its
structural characteristics, enabled its manufacture

Fig. 1.—American Type Locomotive Cylinder,
Weight 7,260 1bs. TwoO Cylinders for Each
Engine made from One Pattern. Erected
on the Vertical Plan of Symmetry.

to be carried on methodically and its uses to be
extended.

The lack oT homogeneity of semi-steel made in
the cupola for direct casting, however, does not
permit of i'ts employment for castings subjected
to friction, in particular for engine cvlinders and
piston rings. This defect can be remedied by a
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preliminary pigging. This remelted metal will be
made either in the cupola by the founder himself
or in the electric furnace by specialists.
Although the cost of the final product is in-
creased by remelting in the cupola, i't is possible
to obtain high-tensile metals at a practicable price
by the employment of new metal, even if of
indifferent quality (provided, of course, that it
does not contain the injurious elements P and S
i'n large quantities), larger quantities of scrap, and
steel scrap—e that is to say, cheap products. This
steel may be of various origins, manganese steel
being excluded as, owing to the presence of that

pIG 2.—Locomotive Twin H.P. Cylinder op
the P eoavort Type, Weighing 11,000 1bs.

element, there would be a risk of producing an
abnormal quantity of cementite, w'hich would be
prejudicial to the strength of the castings and
their efficiency in service.

When the author first introduced steel at the
works of the Paris-Orleans Railway, he used spring
steel derived from the broken leaves of the sus-
pension springs of vehicles. This steel has the
following composition:—TO, 0.523; Si, 1.5; ttn,
0.6; P, 0.03; and S, 0.02 per cent. The similarity
of this analysis, except as regards the carbon,
with that of a good hematite will be noticed.
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These leaves are about 15 mm. in thickness and
have a maximum lengtli of 20 cm.

He then extended the use of steel to old rivets
and clippings from shearing machines—small pieces
which are easy to handle and are quickly melted
in the cupola.

Fig. 3.— Locomotive L.P. Twin-Oylinder of
the Pacific Type, Weight 12,210 1bs.

The preparation of the remelted mixtures should
provide, as far as possible, for all the necessary
additions of ferro-alloys, so- that the re-melting
may not necessitate any modification of the
charge. In these two operations account should
be taken of the influence of the cupola on the
various elements, each cupola being, of course,
the subject of special study. The use of ferro-
alloys with high contents will, of course, be
avoided, as they are generally friable and their
loss in melting is high. These ferro-alloys, more-
over, produce irregular products.

The, object of the introduction of steel is, of
course, to lower the total carbon content and to
adjust it to the silicon content so as to obtain
the pearlitic structure. It is evident that the
production of high-tensile metals does not neces-
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sarily imply the addition of steel, and that by the
use of special irons and of well selected hematite
scrap the object in view may be attained more
directly.*

Semi-steel has been described as an *“ artificial
metal.” But very many articles which one

Fig. 4.—Shearing Test Machine (Fremont Type)
for Small Bars of 564 mm. Diameter.

habitually uses nowadays are manufactured arti-
ficially, yet one is perfectly satisfied with them.
The metal to be obtained, whether manufactured
with or without accessories, should have a pearlitic

* See “ Study on_Perlitic Metal,” by M. Le Thomas, Marine
Engineer, “ Fonderie Moderne,” February, 1926.
F
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structure. This can be effected by an adjustment
of the O and Si contents, which is a very easy
operation in the manufacture of steam cylinders
and piston rings, castings in which the thicknesses
are practically regular and constant. In addition

Fig. 5.—Transverse Testing M achine (Fremont
Type) for Small Bars of 8 x 10x 35 mm.

the graphite laminae should be reduced as far as
possible, and the adjustment of the C and Si
contents will he effected in such a manner that the
final product will be less haa'd in regard to the
rings than the cylinders. As these castings are
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constantly in frictional contact the wear will take
place normally on the ring, a type of casting, the
cost of which is relatively low and which can be
easily replaced.

In order to obtain this orientation of the
Brinell numbers, account must be taken of: (1)
The fact that the thickness of the rings is gener-

Fig. 6.—Fractures from Piston Ring lron, ail
Cast from the same lron. Actual Size.

ally less; (2) the more rapid cooling of these
rings.

The mixture for the latter should therefore be
modified by slightly increasing the C and Si con-
tents, the basis metals being strictly identical in
both cases. On the other hand, while obtaining
the pearlitic structure in the rings, a relatively

f2
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high graphite content may be allowed owing to
the lubricating action of this ingredient.

The following is the chemical composition of the
metals adopted by the Paris-Orleans Railway
Company: —

Steam Cylinders.—TC, 3.0; Si, 1.5; Mn, 0.65;
P, 0.2; and S, 0.10 per cent. max.

Piston Bings.—TC, 3.3; Si, 1.7; Mn, 0.65; P,
0.2; and .9, 0.10 per cent. max.

Pig. 6.—Continued.

The Brinell numbers approximate to 230 in the
case of the cylinders and vary from 200 to 210
in that of the rings.

Melting.
The melting of the steel in the ciupola sometimes
occasions difficulties. In order to overcome them
it is desirable to give the melting apparatus some-



what special features, viz:—A height from hearth
to throat rather greater than that generally
adopted; about 6 times the diameter of the hearth
may be taken; and rectangular tuyeres, wide but
not very high in order to prevent oxidation. The
total section of tuyeres is one quarter of that of
the cupola at their level; The air blown in should
be regulated by means of registering apparatus as
far as possible. The diagrams should be com-

Fig. *6.—Continued.

-pleted with all the particulars which will enable
the foundry manager to exercise his control over
the smallest details.

The following should be shown, for example:
The time of starting, intentional or accidental
stoppages and their causes, the temperature of
the metal, the nature of the charge (semi-steel,
engineering castings, etc.), the number of slag-
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gings, the precise time of these slaggings, the
time of stopping, etc. Thus these diagrams may
in fact serve as a daily record of the work of the
foundry.

The charges are made in the following order :
the steel, the pig, the scrap. The furnace is
lightly forced with 12 to 14 per cent, coke, the

Fig. 7.—Fractures of Runners Taken from a
Steam Cylinder lron. All have been Cast
FROM THE SAME IRON. ACTUAL SIZE.

best quality being chosen. All these conditions
being observed, the pressure of the air blown in
will be about 35 to 40 cm. (14 to 16 ins.).

In addition to the features already mentioned
the cupolas used by the Paris-Orleans Railway
Company are furnished with receivers with a
capacity of 2} tons. These enable the metal to
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be protected from the recarburising action of the
coke, which is appreciable in an ordinary cupola.
Thus in this apparatus the recarburisation is only
0.05 per cent, with carbon contents of 3.0 per
cent. The receivers are furnished with an inspec-
tion hole enabling the quantity of metal contained
in them to be ascertained. Their capacity of
2t tons enables small and medium cylinders to
be drawn in a single tapping, and large cylinders

Fig. 7.— Continued.

up to 57 tons in two tappings. Under favour-
able conditions they have given G| tons without
botting in.

The proportion of steel to be used must obvi-
ously vary according to the basis metals employed
and the thickness of the castings to be obtained.
The quantities of steel are determined by the
chemical analyses of these basis metals and of
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the final product required, and also by micro-
graphical examination, which should show the
pearlitic structure.

Inspection Conditions.

The French railway companies repair and main-
tain their plant in their own works. Orders for
new material are generally entrusted to private

Fig. 7.—Continued.

enterprise. Their manufactures, particularly those
of steam cylinders and piston rings, therefore
cover a large number of types, but on the other
hand only a small number of castings to each
type. The terms of inspection for these castings
apply to work executed by private manufacturers
as well as to that done by the works of the
companies themselves. At present the inspection
tests are as follows:
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Steam Cylinders.

Shock test: hammer 12kg. (26 Ib.); test pieces
of 40 by 40 by 200 mm. (1.5 by 1.5 by 7.8 ins.);
distance between knife supports 160 mm. (6.3 ins.);
first blow 30 cm. (11.8 ins.); successive increases
5cm. (1.9 ins.) ; minimum rupture 50 cm. (19 ins.).

Tensile test: minimum rupture 18 kg. per sq.
mm. (11.4 tons per sq. in.) on bars suitable for the
available machines.

Porosity: hydraulic test at a pressure equal to
that of the working pressure of the boiler
increased by 1 kg. in the case of high pressure
cylinders; at a uniform pressure of 10 kg. (22 Ibs.)
in the case of low pressure cylinders.

Piston Rings.

Shock test: identical with that used for the
cylinders. Tensile test: identical with that used
for the cylinders. Transverse test: a ring
machined on its four faces to 26 by 15 mm. (1.0
by 0.59 ins.) is opened by two saw-cuts giving an
opening of 25 mm. (0.98 ins.). The segment thus
obtained is suspended to a fixed point, the centre
of the opening coinciding with the horizontal
diameter. Tension is exerted vertically by the
successive addition of weights arranged on a
plate until rupture takes place.

The characteristics required are given in the
following table :—

External ; Opening at
diameter of Breaking load. breaking point.
the finished

rings. Minimum. Average. Minimum. Average.
348 135 140 75 100
368 128 133 85 113
388 120 128 95 125
408 110 115 100 130
428 105 110 105 135
448 100 105 115 145
468 95 100 120 150
488 90 95 130 160
508 87 92 140 170
528 85 90 150 180
548 82 86 165 195

568 78 82 180 210
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From the point of view of characterising the
metals for cylinders and piston rings, the tests

Fig. 8.— Test Sample for Metal for Steam
Cylinders.
Note the similarity of grain in the two different sections

the smaller of which (25 mm.) was attached at right angles
to the larger (55 mm.). Two-thirds actual size.

such as have been described cannot indi-
cate very clearly the actual mechanical properties
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Fig. 9a.—Piston Ring lkon (1) Cementite, (2)
Light Reflections from the Graphite x 7CO.
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of the products cast. Here the shock test has
no significance, while the tensile test, as M.
Portevin has pointed out, is frequently impaired
by errors.

A few months ago the author had recourse to
the tests recommended by the Association Tech-
nique Francaise de Fonderie, viz., transverse and
shearing tests on small bars. To these were added
the hardness test, which is indispensable in deter-
mining the properties of castings subject to
friction.

The test bars are taken as test pieces poured
with the castings, their dimensions being identical
with those of the castings, so that the bars and
castings may both have the same “ thermal
history.”

The transverse test carried out on the Frémont
machine, which registers the curves, is most
valuable in examining metals designed for piston
rings, owing to the possibility of studying these
curves and the ease with which the test can be
repeated.

The tests made by the Paris-Orfeans Railway
Company applied to a large number of cases,
so as to find simple formulae connecting the old
tests and the new. This was for the purpose of
at once imparting the results obtained to private
foundrymen without their requiring to carry
out themselves the lengthy research work involved.

The formulae established by the railway com-
pany are obviously of particular interest in con-
nection with its own manufactures. It must be
remembered that the relations in question are
influenced by the chemical composition of the
metals employed, the rate of cooling, etc. These
formulae are as follows:—

Tensile strength 0.916 shearing strength — 1.2.
Shearing strength (A X 0.23) — 25.

Manufacture.

A. Steam Cylinders—Contrary to the method
generally adopted in Great Britain, where cylinders
are cast on the flat, in France and Belgium they
are cast vertically. With regard to the moulding,
mention will only be by way of reminder of the
different processes employed :
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(1.) By an ordinary pattern having loose side
pieces;

(2.) With a pattern and core boxes for the
sides, the copes being filled round the cores after
being put in place (a process very suitable in
repetition practice) ;

(3.) Using an ordinary pattern and a series
of box parts.

The last process is that in general use by the
French railway companies which do not manufac-
ture in quantity.

The most suitable method of pouring should
be bottom casting, and at an inverse pressure.
Single cylinders should be cast,at the base of
the cylindrical body, and double cylinders at the
bosses for fixing them to the engine frame, which
will ensure a maximum passage for the first
metal introduced. The inverse pressure, which
will amount to 15 per cent-., is obtained by nar-
rowing the upper part of the gate. A quiet
pouring will thus be secured. The metal is
received in a decantation basin of the Wan Riet
type, either provided with a stopper or not.

The rate of pouring must be dependent upon,
(a) the weight of the cylinder; (b) the average
value of its horizontal section in relation to the
weight, so as to obtain an ascensional linear
speed sufficiently low to enable the gases to esoape
from the cores; and (c) the number of the cores,
i.e., the difficulty of the liquid metal in entering
the mould.

Taking these considerations into account, the
author has adopted the following speeds for
filling:—

Pouring Time.

44 Ibs. per second for 1 ton cylinders 50 seconds.
66 " " 2, " e 70 "

81 " " 3., = 80

99 " " 4, .90

110 5 , 100

The cylindrical casing and the distributors
(valves) are surmounted by surplus metal from
4 to 6 ins. in height, its thickness being equal
to that of the cylinder. These projections are
not, properly speaking, feeding dead heads. Their
upper parts are connected towards the outside so
as to form a “ spout” enabling the mould to be
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lightly “ washed” in case of accidental boiling.
It will be found that vertical casting facilitates
the elimination of possible blow-holes.

Piston Rings.

The tangential casting of cylindrical work,
whether by bottom casting alone or by bottom
casting with a return gate, has long been recom-
mended in connection with piston rings. Its pur-
pose, according to those who advocate it, is to
produce in the mould a rotary movement of the
metal which helps to loosen the slag along the
walls. If this movement could be effected over

Fig. 9b.— Steam Cylinder x 450.

the entire height of the casting and during the
entire duration of pouring, bottom casting would
undoubtedly fulfil its purpose and would be desir-
able.

Unfortunately, this is not the case. The rotary
movement is produced effectively at the begin-
ning of the filling, but it takes place only in the
drag, and becomes progressively feebler towards
the surface of the liquid, ceasing at a height of
10 to 15 cm. As the hottest metal is at the middle
circumference it breaks the upper film of cooler



143

metal, and brings any slag that may have formed
down on to the walls.

With top pouring by filtration the author has
obtained excellent results, and has adopted it
generally for cylinder work.

The piston rings are poured open by means of
a basin placed astride the cope and the core.
The lower part of the basin is pierced with 15 mm.
(0.59 in.) holes, their number varying with the
weight of the casting to be poured. The filling is
done at a speed of 220 Ibs. in 15 seconds, that is
to say, quickly.

Fig. 9c.— Steam Cylinder Iron x 450.

This rate of pouring is the result of two facts
which are readily observable in connection with
the filling of open moulds:—(1) The presence in
the liquid metal of an ascending movement pro-
ceeding -from the walls of the mould to the cen-
tral stream, which movement carries the impuri-
ties towards it. This is the same phenomenon
which all have observed on the surface of a ladle-
ful of hot metal; (2) the production, owing to
the rapid fall, of a disturbance favouring the
freeing of these impurities.

Certain authors have recommended learned for-
mulae for the purpose of determining the rate
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at which moulds should be filled. The author,
however, does not consider it possible to apply
such formulae, owing to the differences in thick-
ness and the varying amount of coring in cast-
ings. Each casting must be the subject of special
study. Some must be poured quickly, others less
quickly, and others, again, slowly. Then, in cer-
tain cases, the method of slow pouring so fre-

Fig. 9d.—Steam Cylinder lron x 450.

quently recommended by M. Ronceray will be
adopted, this method being one which gives
remarkable results, owing to the possibility of
gbtgining by it sound castings without feeding
eads.

Machining Rings and Boring Cylinders.

The piston rings of engines and valves are
machined under the following conditions:—(1)
Roughing down to the diameters D and D1 deter-
mined by the formulae:

d X 0.07

D= d & -+~ 4 mm.
3.1416
d X 0.07

= dl ) — 4 mm.
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in which d is the diameter of the cylinder and dl
the diameter of the cylinder less twice the thick-
ness of the ring.

2) Cutting the rings in two planes passing
through the axis of the cylinder, their distance
at the periphery being

e =D x 0.07

VV*

s

Fig. 10.—Turnings from a C. |. Cylinder.

Note the number of spirals (8 and 9) and the length

of the turnings (up to 2| ins.). They are indicative

of the good machining and mechanical quality of the
iron from which they have been formed.

3) Pressing the ring by means of two or three
collars made of flat iron with a maximum thick-
ness of 3 mm. (0.12 in.) and 35 to 40 mm. (1.3 to
1.5 ins.) wide.
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(4) Truing and finishing to the diameters :
External diameter d = diameter of the steam
cylinder at its smallest part;
Internal diameter dl = d less twice the thick-
ness of the ring.

The rings are adjusted in the cylinder so that
the play between the section planes is equal to
Tinny °f the diameter at the smallest part. The
purpose of this play is to enable the ring to
expand freely.

The rings are replaced : (1) When they are
broken or seized, (2) when the distance between
the two edges of the section reaches rao °f the
diameter, (3) when the lateral play in the grooves
reaches mm., (4) when their elasticity is in-
sufficient, i.e., when the distance between the

sections when free -is onlal —31050 of the diameter.

Periodical inspections are made as follows: —

In a summary manner, for every 10,000 km. run.

In detail: After every 40,000 km. for the loco-
motives of express or fast trains.

After every 35,000 km. for the locomotives of
ordinary and mixed trains.

After every 30,000 km. for the locomotives of
goods trains.

After each stoppage the amount of wear in the
cylinders and jaokets is measured with a micro-
metric gauge. In particular the greatest vertical
diameter and the smallest horizontal diameter
are generally measured. The wear is greatest in
the middle of the stroke in the case of pistons with
rods, and at the ends of the stroke and opposite
the inlets in that of pistons without them. The
cylinders are rebored when the difference between
these two diameters is I mm. or more, when
traces of seizing are found, or if scratches 1 mm.
or more in depth have been caused.

The cylinders are reformed when their thickness
reaches a figure given by the formula: —

P (D + 30)

500
in which D is the original diameter of the cylin-
der in millimetres and P the working pressure of
the boiler in kg. per sq. cm. For low pressure
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cylinders P is made to equal 10. E should in
any circumstances be more than 10 mm.

Supervision of Manufactures.
All the observations made during casting, the
mechanical strength of the metals and the analy-
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11.—Showing the Relationship Between
the Shear Test and the Tensile, and the
Shear Test and the Brinell Numbers.

tical and micrcgraphical data are registered by
the foundry. The steam cylinders are given an
order number, and the piston rings a casting
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number as they come from the foundry, these
numbers being in relief on the castings.

The machine shops of the Company’s system or
the sections using the castings carefully note any
observations made during the machining, erecting
and dismantling. These particulars are communi-
cated to the foundry which, after comparing them
with the observations already made by them, may
be able to introduce useful modifications into the
next work of a similar nature produced.

The most conclusive results are those obtained
during the periodical inspections of the cylinders
and piston rings. Thus rings will obviously be
regarded as good which have done long journeys
(longer than the minima previously mentioned),
which show only slight wear on being taken to
pieces, and which have affected the wear of the
cylinders only slightly.

The data of a physical nature and the deduc-
tions drawn from them with regard to the satis-
factory working of the products enable a consider-
able saving to be made in fuel and lubricants.
They also enable a factor which is by no means
negligible to be determined—the skill of the
engine driver.

Results.

The average distance run by 100 superheated
engines on fast trains was 3,410 miles. The wear
of the engine rings are round about 3 mm. (0.12)
and the corresponding wear in the cylinders is
yjhj mm.

These are a few particulars based upon recent
observations. The author considers these results
satisfactory, and he would be glad if these notes
should prove useful to his colleagues in the foun-
dry industry. Should their own results be better
he would beg them to communicate them, together
with their methods, for the greater advantage
of all.

Passenger Train Engine No. 3650 (superheated).

Diameter of wheels . ..1.9 m. (74 ins.)
Circumference of wheels .. 597 m. (19ft.)
Stroke of engine pistons .. 0.65 m. (25ins.)

Working pressure of boiler .. 16kg. (35.2 Ibs)
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Cylinders. meter.
Before.

Mm.

HP Right 423.53
HP Left 423.65
LP Right 640.30
LP Left 640.55
EG Right 270.20
EG Left 270.20
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Wear in

Cylin- Dis-  rings on dis-
ders. tance  mantling,
After. travelled. in min.
Mm. Miles.
423.57 34,659 3
423.68 4
640.35 2
640.55 2
270.20 JI» 1
270.20 1

N.B.—The total rectilinear distance travelled by the
rings in the cylinders was 8,543 miles.

Passenger Train Engine No. 3557 (superheated).
Same characteristics as the foregoing.

Dia-

Cylinders. meter.
Before.

Mm.
HP Right 422.60
HP Left 423.90
LP Right 643.80
LP Left 643.95
EG Right 270.15
EG Left 270.15

Wear in
Cylin- Dis-  rings on dis-
ders. tance  mantling,
After. travelled. in min.
Mm. Miles.
422.63 33,975 3
424.10 35
643.85 > 3
644.00 3
270.15 Ni 1
270.15 1

N.B.—Total rectilinear distance travelled by the rings
in the cylinders : 7,397 miles.

Goods Engine No. 5822 (superheated).

Diameter of wheels ..
Circumference of wheels
Stroke of pistons

Dia-

Cylinders. meter.
Before.

Mm.
Right 622.97
Left 623.95

63 ins.
16 ft. 6 ins.
. ¢ 24.4 ins.
Wear in
Cylin- Dis- rings on dis-
ders. tance  mantling,
After. travelled. in min.
Mm. Miles.
623.00 35,017 3
623.99 » 3

Rectilinear distance travelled by rings in cylinders:

8,648 miles.
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Goods Engine No. 5850 (superheated).

Wear in
Dia- Cylin- Dis- rings on dis-
Cylinders. meter. ders. tance mantling,
Before.  After. travelled. in min.
Mm. Mm. Miles.
Right 624.00 624.08 44,818 5
Left 625.00 625.07 . 4

Rectilinear distance travelled by rings in cylinders :
13,522 miles.

Goods Engine No. 5878 (superheated).

Wear in
Dia- Cylin- Dis- rings on dis-
Cylinders. meter. ders. tance mantling,
Before.  After. travelled. in min.
Mm. Mm. Miles.
Right 622.92 623.00 62,758 4.5
Left 622.95 623.01 » 4.5

Rectilinear distance travelled by rings in cylinders:
13,980 miles.

DISCUSSION.

Mr. A. S. Beech (who is also a member of the
Association Technique de Fonderie de France)
presented the Paper, in the absence of the
author, and conveyed from the French Association
good wishes for the success of the Conference.

Referring to the details given in the Paper as
to the melting of the metals, used for cylinders
and piston rings, in the cupolas, Mr. Beech
pointed to the statement that, all the conditions
being observed, the pressure of the air blown into
the cupola would be about 35 to 40 cm. (14 to
16 ins.), and said he presumed that in this case
the author was referring to water pressure. With
regard to the methods of manufacture adopted in
France and Belgium, as mentioned in the Paper,
he said the particular point which appealed to
him was that the cylinders were cast vertically in
France and Belgium, but were cast on the flat
in Great Britain. He personally had seen many
examples of the successful results obtained by
slow pouring, and it would appear that Monsieur
Audo was somewhat in agreement with Monsieur
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Ronceray in this matter. Finally, Mr. Beech
commented that the supervision of manufacture
seemed to he fairly thorough.

Errors from the “Fremont” Test.

Mr. John Shaw said that the value of the
author’s description of his method of cylinder
production was enhanced by his statement of the
machining methods, and, to a still greater extent,
by the wear figures given at the end of the Paper.
The Paper was valuable in enabling those con-
cerned with cylinder production in this country
to compare their methods and results with those
of Monsieur Audo, which comparison would bene-
fit all. Discussing the author’s remarks as to his
recent use of the “ Fremont ” shearing and bend-
ing test, Mr. Shaw said that its chief advocates
had put forward as one of the merits of this new
test that it was so much more reliable than the
tensile test, the specimen in the latter case being
subject to want of alignment in the machine;
yet in the Paper it was found that the tensile
results were being used to build up the data from
the “ Fremont ” machine. There were a number
of grave objections to this test, of which the small
size of the bar, 0.222 in., with its multiplication
of any slight error, was not the least. Also, he
noted that the tests were not taken from holes
drilled out of the casting, but from projections
cast on the surface of the casting, and he asked
if the author could give some idea of the size of
these bars, say, on a cylinder varying from 1 in.
to 2 ins. in different parts.

Wear and Hardness Said to be Different.

Mr. F. J. Cook (Past-President) said that in
some respects the experience of the author in
the making of cylinders for steam locomotives was
contrary to his own experience in the production
of cylinders for stationary steam engines. The
author had paid very special attention to hard-
ness as shown by the Brinell test as being a
measure of wearability, but he himself believed
that anyone who had tried to get some co-relation
between hardness and wearability would come to
the conclusion that there was no relation per se
between the two. He assured his hearers that
he could make an iron as bard as one could wish
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for, but which would not wear at all well, and
another which was as soft as possible but which
would give the opposite result. The question of
wearability was quite an interesting one, and a
great many people would be very pleased to
find a reliable test. In his view the author was
paying too much attention to the Brinell hard-
ness as a measure of wearability, and he believed
it was generally agreed that for thick castings,
such as locomotive cylinders, the Brinell hardness
test was not a reliable test from any point of
view. It was his experience that the drill method
would give a very much better and more reliable
indication of the nature of the casting as to
general hardness and wearability than would the
Brinell hardness test, whilst the tensile test was
also a good guide for wearability. It appeared
also that the author had struck a fallacy with
regard to the soft ring in the hard cylinder. It
looked very feasible, and it was quite a good talk-
ing point to say that it was better to wear the
ring than the cylinder, the ring being much more
easily reproduced than the cylinder itself. His
own experience, however—and he had dealt with
many thousands of cylinders—was that one should
not aim at getting either of the items to wear,
because if one set up wear in a soft piston ring
it did not stop there; the cylinder also would
wear.

Cylinders and Rings Better of Similar Composition.

The old adage about casting the piston rings
out of the same pot as the cylinder was a very
wise one, and it was his experience that if the
piston ring were made out of the same metal as
the cylinder very good results were obtained.
That experience had been gained after running
many thousands of cylinders, with very high
superheats, high piston speeds and high pressures,
and in many instances without any lubrication
of any description in the high-pressure cylinder.
It was desirable to have a metal which would
very quickly attain a very high polish on the sur-
face, because that tended to give very good wear-
ing qualities. For this purpose a liberal amount
of pearlite seemed to be very good, but he pre-
ferred to have, not a full pearlitic structure, but
rather, one somewhat op the lines of white bearing
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metals, where one had hard spots interspersed in
a soft matrix. One heard of cylinders made in
the old days which had given wonderful results
from the point of view of wearability, hut the
analyses were not' startling, except that they
showed the metal to be of poor quality. In the
old days it was not unusual to run the engines
very slowly on no load with saturated steam, with
a liberal amount of lubricant, for long periods;
he knew of cylinders which were running for
six weeks, with the result that a hard skin was
produced, giving good wearability, even with the
commoner kinds of metals. Nowadays, however,
an engine of perhaps 1,000 h.p., with very high
superheats, was put on to the test plate, turned
round a few times by hand in order to see that
all was clear, and then put straight on to full
load. If one used some of the poor metals, such
as were used in the old days, under those condi-
tions, one would find that the working results
were not what they appeared to he from the
earlier results. Finally, Mr. Cook asked if the
author would give the wultimate Ilife of the
cylinders made by the Paris-Orleans Railway
Company.
Influence of Cooling Conditions.

Mr. W. H. Poole asked whether Mr. Cook, in
advocating the use of the same metal for botli
the cylinder and the piston ring, had taken into
account cooling conditions.

Mr. Cook said he should have pointed out that
the cylinders he had referred to were thick, and
that the piston rings were also relatively thick,
although not so thick as the cylinders themselves,
but the cooling action was slow enough not to
influence unduly the relative hardness. He had
had experience of many thousands of cylinders
and rings, which proved that the suggested
system woitld give good results.

Fallacy of Correlating Formula.

Mr. J. G. Pearce (Director, British Cast Iron
Research Association) said that the significance
of the A in the formula on p. 140 of the Paper
was not specifically stated. Presumably it
referred to Brinell hardness. Various Continental
workers, notably Portevin and Sehuz, had
advanced formulae connecting Brinell hardness
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and tensile strength, but these formulae had not
been found reliable for cast iron when tested by
results obtained in this country. Did the results
given in Fig. 11 represent the whole of the ex-
perimental data obtained for 'the construction of
the formulae? |If not, references to detailed pub-
lications of the results would be appreciated. As
Mr. Shaw had pointed out, it was a little incon-
sistent to advocate the shearing test on account
of the deficiencies of the tensile test, and then to
use a formula for converting the one to the other.
So far as was known, shearing-test figures had not
been obtained in this country, so that the first
formula on p. 140 could not be criticised,, but it
was hoped to do this shortly.

Effect of Small Changes in Composition.

Mr. Horace J. Young, F.I.C., in a written
communication, asked whether the compositions
of the metals used by the Paris-Orleans Railway
Company for cylinders and piston rings, as given
in the Paper, referred to metals in the actual
castings as used on the locomotives. He had
noted that the cylinders and the piston rings were
alike in all else save that the rings had 0.3 per
cent, more carbon and 0.2 per cent, more silicon.
It would appear difficult to control these com-
positions, so that the total carbon contents were
3 per cent, in the one and 3.3 per cent, in the
other. Moreover, it was not clear to him why
the piston rings should have more carbon than the
cylinders. Theoretically it might appear that,
therefore, the piston rings would have more
graphite flakes, but there had been little proof in
practice that low-carbon irons were better wear-
ing, or, at any rate, that there was any advan-
tage to be gained by such small differences as
would be practicable under the specifications set
out by the author. In another part of the Paper
the author had claimed a recarburisation of only
0.05 per cent, with carbon content of 3 per cent.
Did this mean that when he charged into the
cupola irons containing a total of 3 per cent, of
carbon he obtained from the cupola a cast iron
containing only 3.05 per cent.? The author had
unusual facilities for ascertaining the effect of
various elements upon the wearing properties of
cast iron. Suppose he took irons all of the same
hardness, and differing only in one constituent,
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would he find that an iron containing 0.05 per
cent, of sulphur would be different from one
containing 0.15 per cent.; or that one containing
0.65 per cent, of manganese would be different
from one containing 1.15 per cent.; or that one
with 3 per cent, of carbon would be different from
one with 3.3 per cent.? These points were
vital: we were uncertain of ourselves when it came
down to definite figures and single comparisons
of this nature, and he felt sure that if the author
would be good enough to give his experience it
would be appreciated.

Limits of Composition Sought.

Mr. W. H. Poole, referring to the fact that the
phosphorus content of the metals used by
the author was 0.2 per cent., asked whether
there was any advantage to be gained by
such a low phosphorus content as against 0.6
or 0.8 per cent. The general practice in this
country was to have a low phosphorus content.
He asked for information as to the relation
between phosphorus content and wear, and carbon
content and wear, and also whether the author
aimed at a particular limit of the combined
carbon.

Mr. Colin Gresty (Newcastle Branch), com-
menting on Mr. Cook’s remarks as to wearability,
and the question of whether or not the pearlitic
structure gave the best wearing properties,
referred to a paper read recently in Germany by
Lehmann, which supported Mr. Cook’s statement
that Brinell hardness and wearability were not
related at all. The same worker had proved that
irons with a pearlitic structure gave the best
wearing qualities, which was in accordance with
his (Mr. Grestv’s) experience.

Mr. Cook said he had read the Paper, "but in
his view it was a question of degree. One could
find plenty of cases in which, for wearability, one
did require a pearlitic structure. He had not had
experience with a wholly pearlitic structure, but he
aimed at a pearlitic structure as a ground work,
with probably more cementite than was usually
accepted by the wholly pearlitic structure people,
for the reason he had stated, namely, that as
with white metals where one had a more or less
soft matrix with harder spots in it the best results
were obtained from a wearing point of view.
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Me. E. Longden, after remarking that the dis-
cussion had emphasised the complex nature of cast
iron, said that the phosphorus content of the metal
used by Monsieur Audo had reminded him of
an experience of his some years ago, when he
was making heavy gas engines. For years the
company making these engines had employed a
No. 4 Derbyshire iron, with a silicon content of
2.68, and a phosphorus content of just over 1 per
cent., and they had never heard of any trouble
being experienced. An inspector had then speci-
fied what was considered to be a better analysis,
the phosphorus content being low, hut that metal
had less wearing qualities than had the No. 4
Derbyshire iron prievously used.

Centrifugal Cast Liners and Piston Rings.

The President, dealing with the question of
the hardness of cylinder liners and piston rings,
as referred to by Mr. Cook, said that whilst he
would not attempt to dispute Mr. Cook’s word,
he would like to allay any misapprehension which
might arise. He assumed that Mr. Cook had in
mind casting in the usual way in green or dry-
sand moulds.

Mr. Cook said that the casting was made in
dry sand.

The President emphasised that rings made by
the centrifugal process should be considered
apart from sand cast rings. The question as to
whether a pearlitic structure is desirable in a
centrifugal casting is a very debatable one, and
he felt that a great deal of information had yet
to be gained in regard to centrifugal casting.
Certainly, from practical experience at his works,
together with the information available in many
of the technical journals, he was led to believe that
centrifugal casting for cylinder liners and piston
rings had a great future. He felt that further
information had been gained from the results
of actual industrial applications, and that he
could assure his hearers that we were only on the
fringe of its uses yet. He hoped that some day
they would be able to say that they had data which
was standard data and embraced the results of
tests under most conditions likely'to he met in
service, and that he would have an opportunity
of placing it before members of the Institute.
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Importance of Weights of Bearings Emphasised.

P rofessor T. Turner (Late Professor of Metal-
lurgy at Birmingham University, and Past-Presi-
dent of the Institute of Metals), discussing the
relation between Brinell hardness and wearing
properties, said that one knew, of course, that
metal which was extremely soft did not grind
away so readily as a harder metal. From the
general use of bearing metals we had learned some-
thing with regard to wear, and the same factors
might be applied to cast iron. For some purposes
one might use an expensive Babhbit metal, rich
in tin, and in some cases one might get better
wearing properties with a metal costing about
a quarter as much, having a lead base. It
depended to a considerable extent on the weight
the bearing had to stand, i.e., the pressure per
sg. in., and the speed. These again affected the
temperature. With regard to the wear of cast
iron, he said that for some purposes a soft, non-
pearlitic iron—a highly graphitic iron—would
give very admirable wearing properties, as, for
example, in the case of the old large reciprocating
engines. There was a certain smoothing effect,
due to the large flakes of graphite, and no doubt
there was produced what we had been in the
habit of perhaps mis-calling an *“ amorphous ”
material, as a coating on the inner surface of the
cylinder. In other cases, where the pressure was
greater or where the temperature was higher, one
might require to use another kind of cast iron.
He suggested that, while it could be accepted as
proved that the Brinell hardness test did not
necessarily indicate the wearing properties of the
cast iron, the question of the kind of cast iron
which would wear best would depend to a con-
siderable extent upon the conditions of the service
of the specimen.

Mr. J. E. Firetcher (Consultant, British Cast
Iron Research Association), as one who had had
experience in the measurement of the effects of
both engine cylinder and rolling mill journal fric-
tion, associated himself with Professor Turner’s
remarks, and drew attention to the difference
there was in the type of wear, say, in rolling mill
roll-neck, when running in a cast-iron bearing,
which had sometimes been tried, as was illustrated
bv the older engines, and in that of a steam-
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engine cylinder. He had taken some of the old
cast-iron shafts out of rolling mills after they
had been at work for many years. There seemed
to be a closer connection between Brinell hardness
and the wearing properties in a revolving piece
in a journal than in, say, a piston ring and a
cylinder; there was a difference between the
resistance from revolving friction and sliding
friction when compared with Brinell hardness
values. Commenting on the difference between
the methods of casting cylinders, particularly the
modern form of locomotive cylinders, in this
country and on the Continent, he said that
founders needed carefully to study that question,
because there was a very great difference between
the way in which the molten metal rose in the
mould, producing different types of structure in
the bottom and the top of the casting, and one
must view that in the light’of vertical and hori-
zontal casting methods. The British Cast Iron
Research Association had found some rather
curious structural differences in the cast iron, in
the cases of cylinders cast horizontally and those
cast vertically, due to differences in the rate of
pouring and cooling.

AUTHOR’S WRITTEN REPLY.

After expressing his thanks to Mr. A. S. Beech
for submitting the Paper, M. Audo pointed out
that the control of the blower ought not to be con-
fined exclusively to pressure, but first and fore-
most to the output. The cupola might be regarded
as an apparatus for burning coke. Starting from
this principle it was necessary to supply it with the
quantity of air necessary to effect* combustion
under the best possible conditions, namely, with a
minimum production of CO. The pressure would
be the resultant of the factors output and sections,
the latter of which should be calculated liberally.
Practical steps should be taken to ensure that the
penetration of the blast was such that the entire
mass of the materials forming the charge should
be completely subjected to the action of the air.

In addition to the checks carried out during the
melting the automatic output meter would enable
the oxidation, which was invariably caused if the
pressures only were controlled, to' be suppressed
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when the melt was finished. The furnace, in fact,
was emptied at that moment. The materials
offered but a feeble resistance to the blast, and if
a constant pressure were relied upon a consider-
able excess of air was introduced, which was un-
favourable to the production of sound metal. He
had thus found that with an almost constant out-
put the melt was finished with a pressure of only
a few centimetres.

Errors of the Fremont Test.

The very simple standardisation of the Fremont
machine in the shearing test permitted of remark-
ably concordant results being obtained, notwith-
standing the small section of the test piece. It was
precisely this small section that enabled the test
to be repeated and permitted of test pieces being
taken from the castings. It was this latter method
which ensured of the metal of the casting itself
being tested and not the metal of the melt as a
whole.

The test piece might be taken either from the
casting itself, or from a test bar of the same
dimensions as the casting sent from the foundry
with the casting and attached to it by its entire
section. This method ensured that the bar should
have a thermal history absolutely identical with
that of the casting. It was sufficient to provide
for a test bar at each part of the casting to be
examined in order to ascertain the properties of
the casting in all its parts.

Thus a locomotive cylinder might be provided
with the following test bars:—

(a) One in the lower third of the cylinder body,
150 x 150 x 35 mm. (b) One in the upper third
of the cylinder body, 150 x 150 x 35 mm., and (c)
one on the steam chest, 150 x 150 x 30 mm.

Each test bar was separated mechanically (with-
out shock) and then sawn into two portions, one
for ball tests and chemical analysis, the other for
bending and shearing test and micrographieal
examination.

Difference Between Wear and Hardness.

It had never occurred to the author, M. Audo
observed, to establish a correlation between hard-
ness and wear. Here a regrettable confusion
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existed. The ball test enabled the degree of homo-
geneity to be ascertained owing to the ease with
which it could be repeated, as also the machining
capabilities of castings. He agreed with Mr. F. J.
Cook in recognising that in the latter case a
machining, drilling or turning test was excellent.
In another connection he also agreed that neither
the wear of the piston ring nor of the cylinder
should be sought for, but rather the wear of that
one of the two castings the cost price of which was
lower. This did not mean that he recommended a
soft ring. On the contrary; the Brinell numbers
he had given (200 to 210) 'demonstrated this.

W hat, he asked, was the part played by the
ring in the cylinder? (1) To ensure a good fit
between the two faces of the piston—the property
of elasticity ascertained by the transverse test
(measurement of the loads and deflections, determi-
nation of the coefficient of elasticity). (2) To pre-
vent abrasive action on the cylinder; hence the
necessity for free carbon, which was a lubricating
element, and, on the other hand, the necessity of
avoiding hard constituents (cementite and
steadite).

For segments Mr. Cook preferred a metal iden-
tical with the white metals, viz., hard crystals en-
cased in a soft constituent. He (M. Audo) was not
convinced that this view was correct. A white
alloy was an intimate mixture of hard and soft
crystals, the purpose of the former being to sup-
port a load which was generally high and to resist
wear, while the soft constituent enabled the hard
crystals to dispose themselves suitably in its mass,
while conforming to the shape of the rotating
chamber, itself consisting of a homogeneous metal
of great hardness. The soft crystals were more
subject to wear than the hard, as a result of which
depressions of 5 or 6 microns, in which the lubri-
cant was deposited, were produced on the surface
of the metal. Could an identical phenomenon be
looked for in the cylinder if the pressure of the
segments were weak and the two metals in contact
were practically identical? Could it be supposed
that the wvery hard cementite crystals would
arrange themselves in the pearlitic mass, which
was itself hard (A = 200 to 260), acoording to
the fineness of the lamellae, merely under the in-
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Huence of the low load due to the elasticity of
the segment? Might it not be concluded, on the
other hand, that, as the pearlite was worn because
it was less hard, the particles of cementite would
present their sharp edges and accelerate the wear
as rapidly as an equal number of small high-speed
steel tools would do?

M. Audo regretted that he was unable to reply
definitely regarding the distances travelled, and
the wear and tear in service, and that he person-
ally could not give any other figures than those he
had quoted, which, however, he regarded as satis-
factory. He alluded to the wearing tests carried
out by MM. B. Buffet and A. Roeder, quoting the
following figures :—

Dry tests.
Number of alterations per minute .. 110
Area of contact . .. .. 58.75sg. cm.
Pressure per sgq. cm. .. .. .. 293 gm.
Loss of weight:
Cylinder metal .. .. 10gm. in 4 days.
Pearlitic cast-iron .. .. 7.gm. in 4 weeks

Influence of the Cooling Conditions.

The divergences indicated in the carbon and the
silicon contents were due: (1) To the differences in
thickness of the two cylinder castings (in the
body), viz., 35 to 40 mm., and of the segments 25
to 30 mm.; (2) to the differences of temperature
of the moulds at the moment of casting, due to the
differences in mass of the moulds and the heat
losses by radiation between the time of leaving the
drying stove and casting; and (3) to the differences
in the rate of heat exchange due to the ratio
between the mass of the castings and the mass of
the moulds.

Error in the Correlative Formula.

M. Audo directed attention to the restricted
limits within which the formulae given were valid.
He said that they had been drawn up merely for
the purpose of informing the suppliers of the Com-
pany at once in case the Fremont tests were to
be applied at the inspection of the castings, so as
to make it unnecessary for them to carry out long
and costly researches for the same purpose.

G2
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Effects of Slight Changes in Composition.

The compositions he had specified were those
at present in use. No practical man, however,
would imagine that they could he obtained mathe-
matically in the cupola. These compositions were
averages, and special efforts were now being made
to obtain divergences of content in the different
elements in proportion to the differences of speed

in cooling, as already explained, and with the very
definite object of obtaining the pearlitic structure
in the various parts. The feeble recarburisation
he had indicated was due to the presence of cupola
receivers, which enabled the liquid metal to be
withdrawn rapidly from contact with the liquid
coke. This recarburisation was fully 0.05 per cent,
of total carbon per 3 per cent, of the charge.



He did not give the process of manufacture as
absolute. He had merely described it in the belief
that it might prove profitable. With regard to
the compositions adopted they were the result: (1)
Of the study of the various factors affecting the
mechanical properties of cast iron in general; (2)
of an examination of the cooling conditions of the
castings concerned, according to the method of
manufacture adopted; and (3) of an examination
of the results obtained in service—results which
had been specified in his Paper and which
appeared to him satisfactory.

The limits of his present note were too re-
stricted to enable him to go into the question of
the influence of the various elements contained in
cast iron of different types on their mechanical
properties. He would therefore beg his readers
to refer to the studies already made on the sub-
ject, and more particularly to the very interesting
communication of M. Portevin in March, 1927.t
There they would find an account of the transverse
strength and the value of the deflections, proper-
ties which were of supreme importance in the
manufacture of piston rings.

Wi ith regard to the phosphorus content, and in
reply to Mr. W. H. Poole, he stated that he
adopted 0.2 per cent, (sometimes 0.3 per cent.) in
place of 0.6 to 0.8 per cent.,, owing to the possi-
bility of the formation of steadite (phosphorus
eutectic), a hard and brittle constituent, the
abrasive properties of which were comparable with
those of cementite. Phosphorus tended, moreover,
to diminish the deformation capacity on rupture.
He regretted that he was unable to give par-
ticulars on the subject of centrifugal casting. He
considered, however, that this method of manu-
facture ought to give excellent results. He wished
to thank his British colleagues for the interest
they had been good enough to show in his Paper,
and trusted researches of a more exhaustive
nature would be carried out on the subject of wear.

t See Bulletin de [I’Association Technique Francaise de
Fonderie, March, 1927.
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ON THE EFFECT OF NICKEL AND CHROMIUM ON
THE STRENGTH PROPERTIES OF GREY CAST IRON.

By Professor E- Piwowarsky, Dr.Eng., Aix-la-Chapelle.

A fairly extensive literature already exists on
the effect of nickel and chromium additions on the
properties of cast iron.1 From these works, and
also from the reports and communications of
numerous manufacturing and consuming concerns,
it is apparent that even a nickel addition of from
0.5 to 3.0 per cent, appreciably increases the uni-
formity and density of the structure, ensures very
good machinability even in hard types of iron,
prevents the appearance of hard spots, and in-
creases the resistance to corrosion and wear, etc.
It is also known that a moderate addition of
chromium in cast iron with a nickel content has
a particularly beneficial effect in improving the
structure and increasing the resistance to wear
and the liability to “ grow.” Most of
these chemico-metallurgical and physical advan-
tages are present—and far too little regard is paid
to this fact—even when the mechanical test shows
scarcely any, or only a moderate increase in the
strength figures. In point of fact, indeed, the
increase of strength found by numerous investiga-
tors (Campion, Hurst, Moldenke, Piwowarsky and
Baver, Smalley, Merica, Wickenden, Yanick, etc.)
in pearlitic cast iron as a result of alloying with
nickel and chromium, as a rule hardly exceeds
30 per cent. So long, therefore, as the mech-
anical properties obtained by alloying do not ex-
ceed these limits, which are such as can he
obtained in unalloyed cast iron by suitably mixing
the charge and by paying regard to the more
recent refining processes (e.g., abnormal super-
heating of the liquid iron2, there is obviously no
occasion to add nickel and chromium to the metal
merely for the purpose of increasing its strength.
Moreover, it is by no means certain at present

1 Cf. the bibliography in the Bultetin of the British Cast
Iron Research Association, No. 8, April, 1925, p. 5.

2 German Patents, under G. 63543 VI1/18 b., February 21,
1925.
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whether the results so far obtained m increasing
the mechanical properties of cast iron by nickel
and chromium additions may not be mainly attri-
butable to causes which—as, for example, the re-
finement of the graphite—could be obtained by
cheaper and simpler means (deoxidation, super-
heating the molten metal, etc.). It appeared
necessary, therefore, to investigate the influence of
these two most important alloying elements, which
unquestionably operate beneficially in regard to
their physico-metallurgical reaction, on cast iron
to which the best mechanical qualities, as far as
technical judgment could anticipate, had been
imparted by suitable treatment.

The course was therefore adopted of bringing
very hot molten iron to a state of solidification,
at first mainly white, and of graphitising it only
by subsequent annealing so that it contained: —

(1) The primary carbon in the finest and most
favourable arrangement possible, and (2) as fine-
grained a sorbitic-pearlite ground mass as pos-
sible.

At the same time it was intended to pay special
attention to the effect of nickel and chromium on
the thermal stability of the metal. The charge
of the melts had, therefore, to be adjusted so that
by accelerated solidification and cooling the iron
solidified preponderatingly white, hut neverthe-
less contained sufficient silicon to render probable
the complete dissociation of the hyper-eutectic
carbon by means of as short as possible a subse-
quent annealing at not too high a temperature,
for a long period of annealing, particularly at too
high a temperature, might possibly have elimi-
nated again the advantages of the fine primary
structure. It was necessary, however, that the
silicon content should not be so high as to permit
of large quantities of ferrite making their appear-
ance during the cooling when the annealing had
been effected. This could be secured if a grey to
mottled charge were caused to solidify mottled to
grey by artificially accelerated cooling.

For the tests in question two main series of
experiments were arranged, viz., one with high
carbon and low silicon iron (indicated by A), and
one with low carbon and high silicon metal (indi-
cated by B).
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W ithin these two series heats were carried out
without nickel, as well as heats which were ad-
justed to 1 and 3 per cent, nickel and 3 per cent,
nickel + 0.5 per cent chromium in the final pro-
duct. A charge of German hematite and ingot
iron (dead mild steel) was used as raw material
in all the heats. About 10 per cent, of Swedish
pig-iron was used in the charge of heat 1 only.
The increase of the silicon addition in series B was
effected by adding high percentage ferro-silicon to
the finished heat. The weight of all the casts in
the tests was about 25 kg. (55 Ibs.). They were
carried out in a graphite crucible lined with mag-
nesite, and in an oil-heated furnace. The tem-
perature of the heat was in all cases raised to
about 1,550 deg. C., when the crucible was taken
out of the furnace, and the heat poured when the
temperature had fallen to 1,400 deg. The tem-
perature was measured optically (by the Holborn-
Kurlbaum pyrometer) and by inserting platinum
and platinum-rhodium thermo-elements in the
heats to check the measurements. From each
heat four test bars about 33 mm. in diameter and
700 mm. in length were cast, two of these being
poured into an iron chill, lined fairly thickly with
clay, which was in each case preheated to 100 deg.
The last two bars were east in a dry sand mould.3
Top casting was employed throughout. The bars
cast in chills were rapidly heated in a gas muffle
furnace to about 925 to 950 deg. C. As soon as
they had reached this temperature the furnace was
shut off and the samples were left to cool. Half
of these chill bars were thereupon reheated to
20 to 30 deg. above the A3 point and quenched in
oil. The hardening temperature varied, accord-
ing to the composition of the samples, from 820
to 850 deg. The quenched samples were kept at
650 deg. for half an hour, when they were again
quenched in oil; they were then reheated to 450

3 The bars cast in sand showed throughout a eutectic to
temper-carbon-like structural formation, and had a transverse
strength of 48 to 65 kg/mm2 with a tensile strength of 28
to 36 kg/mm2 (17.8 to 20.3 tons per sq. in.). As these heats
had not been deoxidised and consequently did not approach
the best values hitherto reached in sand casting by super-
heating the melt [up to about 75 kg/mm2 transverse
strength and 36 to 42 kg/mm2 (22.8 to 26.6 tons per sq. in.)
tensile strength) they have been omitted from consideration
in the treatment of the present Paper.



cleg, for 15 minutes for the removal of any hard-
ness stresses, and then left to cool.

For mechanical testing all the bars were turned
to a diameter of 30 mm. The results of the re-
search are summarised in Table 1. These show
that as a result of the thermal and melting pro-
cess here employed unusually high bending
strengths were in fact attained. * These might pos-
sibly have been even higher if more care had been
devoted to the process of deoxidation and to over-
coming the occurrence of piping, to which further
reference is made later.  Series of tests on this
point are in preparation. It should be noted
that very high deflection values are peculiar to
high transverse strengths. When it is considered
that in the normal transverse test, with a bar
diameter of 30 mm. and a distance between the
supports equal to 20 times the diameter, deflec-
tions of 10 to 15 mm. are usual and normal, the
deflection values of 20 to about 45 mm. must be
characterised as exceptionally high. They demon-
strate the great toughnessl .and elasticity of the
material. In these tests, unfortunately, it was
not as yet possible, as has already been stated,
entirely to eliminate the piping favoured by the
white or mottled solidification and the large
diameter of the bars. Suitable signs are accord-
ingly inserted in column 5 of Table 1 to indicate
whether the fracture was found faultless, or
showed a slight or a serious pipe. When it is con-
sidered that only a few of the values are indicated
as free from piping it is surprising that notwith-
standing this occurrence of defects such high trans-
verse values were still obtained. No doubt the
reason of this is that in the transverse test the neu-
tral fibre plays a relatively small part in strain-
ing the material, while the pipe is generally dis-
posed centrally (see Fig. 1, which shows the frac-
ture of certain bars in which the size of the pipe
is reduced). On the other hand, the effect of the
pipe became all the more unpleasantly observable
in the tensile test. For this test, however, the
broken pieces from the transverse test were used.

4 The specific shock energy of the alloyed samples was
two to three times the values hitherto observed in ordinary
grey cast iron. For example, heat 5 showed 1.39 mkg/cm2;
heat 12, 1.05 mkg/cm2.



Heat
No.

Type of
Heat.

C
\A

>

|
1V

ra ii
\VAIIV
[ A LI
\A v
ra v
\AIVV

IA V
\A Vv

rA Vi
\A VIV

fB I
\B ly

1B Il
\B Ily

fB Il
\B Illv

rB Iv
\B IVV

rB vV
\B Vv

/B VI
\B Vlv

O= Perfect fracture.

Gr.

0.28

0.14

0.21

0.59

0.19

0.26

0.37

0.23

0.33

1.54

0.35

0.37

C.C.

1.98

2.70

2.38

2.48

2.88

2.60

1.98

2.03

1.99

1.38

2.13

2.05
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Chemical Composition.

Si.

1.57

1.88

1.74

1.61

1.40

2.58

2.49

0.96

2.09

2.06

1.70

*=Small pipe.

0.76

0.62

0.60

0.56

0.75

0.60

0.60

0.53

0.48

0.55

0.52

0.68

0.068

0.092

0.076

0.083

0.052

0.084

0.040

0.092

0.060

0.072

0.04

0.06

0.014

0.027

0.025

0.025

0.015

0.024

0.020

0.03

0.032

0.028

0.026

0.016

Ni.

0.89

2.73

2.86

3.10

0.86

3.02

3.17

2.80

2.69

**=|] arge pipe.

Table

Cr.

0.80

0.50

0.47



Composition after
Heat Treatment.

Gr.

r 1.46
\ -

c.C.

0.95

Transverse Test.
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kg/mm2 D_efl(;gltTilon fracture. kg/mm2 bars.

In

87.0 39.5
90.5 323
85.6 38.8
90.3 38.8
75.8 19.0
93.4 225
90.2 24.2
87.4 235,

100.0 30.2

102.0 156
99.25 432
90.7 26.0

104.0 285
58.32 1097

106.0 32.0
81.8 8.0 ?
717 156

102.3 27.5

1196 28.7

1286 37.2

***=Very large pipe,

*

o

*

*

* %

«1 11 <l

o

O*

6
Tensile Test.
lia. of
fracture.
mm.
44 5t 5 -
51.7 20
309? 20 %
3697 20 e
24372 20 o
2687 20
31772 20
57.2 5
40772 20 7
4287 20 7
69.4 5 *
71.4 5 0
385 20
288 20
335 20
374 20
394 20 *
337 20 7
75.7 5 *
67.3 5 *
60.0 5 *
56.7 5 *

Jsnnell
Hardness
Number

249

238
167

263
255

2.63
2.73

300
300

238
233

225

257
246

218
183

292
285

303
316

t To convert kg/mm* to tons/sg. in. multiply by 0.63.
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They had been turned to a diameter of 20 mm. in
order that the tensile test bars might have conical
enlargements at their ends. The majority of the
tensile bars consequently show much too low
values, for notwithstanding the weakening owing
to the pipe the maximum load was in relation to

Fig. 2.—Appearance of Turnings showing
E lasticity—N atural Size.

the entire cross section. The figures of tensile
strength nevertheless show that with tolerably good
bars one can count on tensile strengths of over
50 kg/mm.s (31.7 tons per sg. in.). To prove this,
small tensile test bars, 5 mm. in diameter (also
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with conical enlargements at the ends) were made
from certain bars in which the pipe formation
was less pronounced, the sides which were free
from defect being used for the purpose. It will

Pel

X

Tovoguzgss Ixgr ™ soss SRS BT A v

A goss

be seen from Table 1 that these bars showed ten-
sile strengths up to about 75 kg./mm.2 (47.6 tons
per sg. in.), even in cases where these small bars
still showed a slight defect in the fracture. More-
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over, an elongation of 2 to 4 per cent, was noted
in most of these small tensile samples.

The Brinell hardness of almost all the alloys is
fairly high. It varies between about 200 and’300.
Notwithstanding these high hardness figures all
the bars were found to be easily machined with
ordinary turning’tools, and showed no appreciable
increase in shearing strength compared with
ordinary cast iron. Continuous turnings 3to 5 m.
in length were obtained on machining, and these
were maintained even when the feed was increased.
Figs. 2 and 3 show the appearance of these turn-
ings. From the transverse strength figures, and
in part also from the tensile strength figures of
the different samples, it is apparent that a nickel
addition clearly exercises a beneficial, although
not a very groat, effect on the mechanical pro-
perties; while on the other hand, nickel in con-
junction with chromium is capable of increasing
the mechanical properties even of this high-grade
iron by 10 to 20 per cent, in the high-carbon
series A and by 10 to 30 per cent, in the low-
carbon series B. The treated samples, however,
indicated in column 2 of Table | by the letter v,
do not show any noteworthy improvement in the
mechanical properties compared with the untreated
samples. This is in itself remarkable, but it may
be explained as follows: The grain of the ground
mass and the structure of the primary carbon
liberated by the annealing process are so fine,
owing to the thermal treatment mentioned, that
a subsequent alloying process is incapable of ren-
dering the grain still finer. As a matter of fact,
in the samples cast in sand an increase of strength
of about 10 to 15 per cent was observed as a
result of such treatment. Although not large, the
increase was certainly present. Among the bars
cast in chill moulds, on the other hand, only the
melts containing chromium and nickel showed a
slight increase in the figures relating to mechani-
cal properties as a result of the adjusting process
(c/. melts 6 and 12 in Table 1).

The structure of the fracture in a large number
of the heats—particularly those containing nickel
and chromium—was so fine in grain that the
material could be distinguished from hardened
tool steel only by a practised eye. Fig. 4 shows,
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by way of example, two fragments which were
chipped off in the fracture, which took the form
of a cup or basin, of a transverse test bar in
heat 12. The fineness of grain resembles, in fact,
that seen in the fracture of high-grade tool steel.

At the outset of this Paper it was stated that
the thermal after-treatment was so adjusted that
a sorbitic-pearlite ground mass with finely-distri-

wry, | >
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J ° * **
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Fig. 5a.—Graphite Structure from
Heat A VI » 100.

buted primary carbon must make its appearance.
All the micros, in fact, showed in the unetched
state a structure of primary carbon in an arrange-
ment as regards magnitude such as is shown in
Fig. 5a, magnified 100 times. Only a single heat,
namely, No. 10, in which through an oversight
the carbon content turned out too high, showed
even in the final condition, together with con-
siderable quantities of ferrite, very fine-grained
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eutectic graphite, which could scarcely be dis-
tinguished when magnified 100 times. The un-
etched micro, of this heat had therefore to be
reproduced (Fig. 5b) magnified 500 times. Some
of the bars showed in parts, together with the
primary, as shown in Fig. 5a magnified 100 times,
also primary carbon—distributed very uniformly
over the sorbitic-pearlite ground mass—of such a

Fig. 5b.— Graphite Structure prom

B I v x 500.

high degree of fineness that it had to be magnified
500 times to be identified. This is apparent from
Fig. 6 (a and b). These illustrations reproduce
the structure of heat 7 magnified 500 and 1,000
times. It will be seen that here also one has to
do with a sorbitic-pearlite ground mass, for even
when magnified 1,000 times it was still impossible
to distinguish certain pearlite fields, which, how-
ever, could be done in the case of the heats con-



taming chromium and nickel. The illustrations
c and d of Fig. 6 show the structure of the same

heat after the adjusting process, namely, at those
points where the coarsest separation "of temper
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carbon was found, so that a comparison of the
illustrations a and d shows the upper and lower

limit values in the formation of the elementary
carbon in respect of magnitude. It is apparent,

X 1,000.

Treatment.

@

d A fter

x 1,000.

VII,

©
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a and
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moreover, that by the adjusting process the
sorbitic-pearlite ground mass has been converted
into exceptionally fine granular pearlite of the
coagulated cementite. In this connection refer-
ence should also be made to Fig. 7, which shows
the structure in thermally-regulated sand-cast
iron, 7a being that in ordinary grey cast iron,
while that in Figs. 7b and 7c is from the samples

(a)
Fig. 7.—Structure oe Heat-Treated
Cast lrons, x 500.

of sand-cast iron mentioned at the beginning of
this Paper, the graphite content of which was
caused to solidify in the form of a fine structure
by thermal superheating of the melt. It had struck
the author that in ordinary, or superheated
unalloyed grey cast iron, thermal treatment fre-
quently produces a structure which in its forma-
tion resembles blunt needles of martensite, but
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which in reality has also a preponderatingly
granular-pearlitic ground mass, which, however,
bears an apparent resemblance to martensite—a
structural phenomenon which is also observable in
the hardening and tempering of steel, and which
has led Haneman to establish a new theory of
hardening5 on a metallographic basis.

W hilst it follows from these, tests that a nickel

®)

Fig. 7.—Continued.

addition, particularly in combination with a
moderate chromium content, is very well adapted
to produce a noteworthy increase in the mechani-
cal properties, even with the best formation of
the elementary carbon, it is further apparent,

5 Werkstoffausschuss-Bericht des V.D.E. (Report of the
Materials Committee of the German Engineers’ Association),
No. 61
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even from the tests so far carried out, that it is
possible to obtain by the methods here adopted a
special type of malleable cast iron6 with which
strengths hitherto unreached will be associated.
Here it is simply a question, in contradistinction
to the known malleable-iron process, to cause a
metal of which the charge is grey to mottled, to
solidify white to mottled by means of artificially-

©)

Fig. 7.—cContinued.

accelerated cooling (pouring in chill moulds or in
wet moulds). This type of charge requires, accord-
ing to the carbon content, silicon contents of
about 1.4 to about 2.2 per cent. These small

6 K. Emmel has already published some figures of the
same order of magnitude based upon a similar process
(cf. Stahl und Eisen, 1925, |1, page 1469). P. Bardenheuer
also obtained approximately similar figures (c/. Stahl und
Eisen, 1927, page 857).
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castings, poured white or mottled, can be com-
pletely graphitised within a few minutes. The

author succeeded, in fact, in completely and uni-
formly graphitising small castings with a wall
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thickness up to 35 mm. as quickly as 10 mins. by
immersing them in a salt bath at a temperature
of 925 to 950 deg. C., when the ground mass
showed a sorbitic-pearlite structure with a much
finer temper-carbon formation than is observable
with the malleablising process as normally prac-
tised to-day in America and Europe.

From the results of these researches, moreover,
the introduction of a new annealing process, in
which quick malleablising would be effected in con-
tinuous service with the use of salt baths, would
appear to be advantageous. This process was, in
fact, practically tested by the author; among
other things, insulator ibells, which are still made
of malleable iron or cast steel, were produced by
way of trial in the manner here described in
material of excellent quality which was also
economical. Fig. 8 shows the structure of an
insulator bell of the kind (magnified 100 times),
in connection with which it should be expressly
noted that the illustration a does not by any
means represent the finest formation of the
elementary carbon. The illustration b shows that
here also the ground mass is sorbitic pearlite.

The phosphorus content of all the heats dealt
with was very low. Tests with higher phosphorus
contents will be made before completing these
researches, and with moderate contents (up to
about 0.30 per cent. P) they may even be expected
to give still higher strength values, particularly
after the addition of nickel and chromium.

Summary.

By causing a cast iron having a grey to mottled
charge to solidify at first white to mottled by
accelerated oooling, and graphitising it only by
subsequent annealing, mechanical strengths of a
range hitherto unreached were obtained. In high-
grade material of this kind (transverse strengths
of 80 to 100 kg./mm2 in a perfect bar), a still
further increase in the tensile properties of 10 to
30 per cent. (100 to 130 kg./mm2) was effected
by the addition of nickel or of nickel and
chromium. The deflection of such material in the
transverse test is two to three times that of
ordinary pearlitic grey cast iron. Tensile tests,
in which the elimination of large defects was
ensured, showed measurable elongations of 2 to 4
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per cent., with values up to 75 kg./mm2. (47.6 tons
per sq. in.). Notwithstanding the high hardness
figures (200 to 300), the machinability of all the
samples was at least as good as that of ordinary
good grey cast iron.

If suitably turned to account, these tests should
result in a quick annealing process giving
unusually high strength values with the shortest
possible heating period.



THE STRENGTH OF CAST IRON.

By J. E. Fletcher, M.l.Mech.E., Consultant to the
British Cast Iron Research Association (Member).

Many foundrymen are unaware of the difficulties
experienced by the blast-furnaceman in the pro-
duction of foundry pig-iron of uniform mechanical
strength, in the pig form, even though the
chemical analysis be closely similar in the pigs of
a particular cast. The number iof drops on the pig
sampler’s anvil necessary to break pigs from dif-
ferent parts of the pig bed may vary considerably,
and the fractures may vary correspondingly. The
so-called “ scattered ” fracture has always been a
source of anxiety to the blast-furnaceman, and he
is perhaps as much at sea to-day as ever in
diagnosing the cause of the vari-grained fracture
in cast irons of medium silicon content (1.5 to 2.5
per cent.).

It is well known that within this range—which
is the one most used by the foundryman—there is
the greatest variation in blast-furnace behaviour,
the cause being probably complex in character.
In trying to avoid the trouble all kinds of methods
have been tried, no one of which seems to be
universally successful.

In the re-rnelted pig-iron from this critical range
the variations in structure and mechanical
strength, especially in iron of 1.2 to 1.8 per cent,
silicon content, are even more pronounced, frac-
tures from mottled to grey occurring between
narrow ranges of silicon variation. Sometimes
1.5 per cent, silicon iron is unmachinable, and at
others is extremely soft. The author has found
that this critical range corresponds with the pas-
sage through the maximum pearlite condition, the
range being commercially that between mottled and
No. 4 hard pig-irons, these irons becoming white or
mottled when remelted. The abruptness of the
pearlitic change is seen in Fig. | (a). The pearlite
percentage in a series of Scotch pig-irons is seen to
reach its maximum at about 1.25 per cent, silicbn.
Here the pig-iron fracture would be a close grey,
but a thick fin or flash on the pig would be mottled
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or white in fracture. Such a pearlitic pig when re-
melted and cast into a 1.2-in. dia. bar would he
mottled or soft-white in fracture when poured into
a cold mould.

Fig. | (a) shows a method of graphing the struc-
tural composition of a series of pig-irons from a
certain blast-furnace and was first used by the
author in his A.F.A. Paper of 1925. It is perhaps
the first attempt to produce a descriptive graph
characteristic of the production of a blast-furnace
working on a certain burden. From such a fur-

Fig. 1

nace graph the foundry metallurgist is enabled to
choose the iron most suitable for his cupola mix-
ture.

It shows clearly the critical character of the
blast-furnace operation when running on 1.0 to
2.0 per cent, silicon irons, and should make foun-
dxymen sympathetic towards the blast-furnacemen
who are not infrequently asked to work to frac-
ture and analysis when supplying pig-irons within
this critical range. The request is at once seen to
be unreasonable, and is the cause of innumerable
quarrels.

The variations in the structure and mechanical
properties of foundry pig-iron are reflected in the
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remelted metal, and it is obvious that the foundTy-
man must take account of this fact when making
up any cupola mixtures for the production of
castings which must comply with a specification
containing mechanical strength clauses.

Fig. la.

In considering the mechanical strength of cast
iron the metallurgical engineer is faced with the
fact that considerable variation in tensile, trans-
verse, torsional, compressive and impact tests must
be looked for in a group of test bars cast simul-
taneously from the same ladle of metal in similarly
prepared moulds cooled at equal rates. This is a
disturbing fact, the reasons for the lack of
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uniformity having occupied the minds of foundry-
men, engineers and metallurgists for many years.

The Institute of British Foundrymen has
rendered a signal service to the engineering world
by its attention to the matter of standard
mechanical tests for cast iron, and in the many
hundreds of bars of various sizes tested—of varying
chemical composition—the values recorded for the
tensile and transverse breaking loads in any one
series of bars of similar size and approximately
similar composition vary considerably from the
mean of the series. The same kind of variation
has been found in the many series of tests carried
out by the British Cast Iron .Research Association
under conditions which have enabled the important
details of the cupola mixtures, melting practice,
pouring temperatures and cooling rates to be corre-
lated with the analysis and micro-structure of the
tested bars.

Work of a parallel nature has been done in the
TJ.S.A., Germany, France, Belgium, Japan and
elsewhere, the results of the tests on similar bars
giving the characteristic variations. These indi-
cate that the same causes for such irregularities
are at work whatever casting material has been
used—within the range of chemical composition
common to the cast iron series. In this Paper the
writer does not intend to convey the idea that the
range of strength variations makes it impossible to
arrive at a practical working mean in any par-
ticular narrow range of cast iron compositions,
but, in view of the developments which are taking
place in cupola melting practice, and in the
methods of casting and cooling the pieces, he would
seek to call attention to some of the possible causes
of these variations. Before doing this, a few
typical examples of strength variations may be
placed cn record, drawn from reliable sources.

Example Xo. 1 is drawn from a series of 1.2-in.
dia. dry-sand cast bars having the following range
of chemical analysis:—T.C., 3.3 to 3.6; Si, 2.0 to
2.5; Mn, 0.3 to 0.65; P, 0.5t0o 0.7; and S, 0.11 to
0.145 per cent.; the average analyses of the series
being: T.C., 3.47; Si, 2.22; Mn, 0.52; P, 0.62;
and S, 0.13 per cent.
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Actually, the divergences from the mean are as
under:—

Per cent. Per cent.
T.C. .. 0.13 above, and 0.17below mean (actual values)
(3.75) .
CC. .. 0.12 » 0.28
(31.0) (72.0)
Gr .0.31 ” 0.14
(10.0) (4.5)
Si ..0.28 ” 0.12
(12.6) (5.4)
Mn ..0.12 " 0.09
(23.0) (17.3)
S ..0.015 » 0.02
(11.5) (17.3)
P ..0.05 N 0.10
(8.1) , (16.2)

Total Carbon plus Silicon Contents.—These
values were:—Maximum, 5.83; minimum, 5.57;
and mean, 5.69 per cent.

Tensile Tests.—Maximum, 11.1; minimum, 8.3;
and mean, 9.1 tons per sq. in.

Transverse Tests.—Maximum rupture stress
(modulus of rupture), 23.8; minimum, 19.7;
and mean, 20.9 tons per sg. in.

Ratio T Rupture stress, tons per sg. in. "l
I Ultimate Tensile stress, tons per sqg. in. |

T
~~T}/j Maximum 2.39, minimum 2.14, and mean

2.29.

The divergences in the contents of the various
elements are expressed in percentages of the
mean analysis values and are not abnormal.
The differences in the mechanical strength of the
irons are, however, seen to be considerable and
are difficult to account for in terms of the
analysis. When the tensile and transverse rup-
ture stresses were plotted as ordinates over a
base indicating the total carbon plus silicon con-
tents, and the various elements also similarly
plotted, it was seen that the ratio of the trans-
verse rupture stress to ultimate tensile stress
curve followed the silicon line closely in the
above series (see Fig. 1), but in others the
characteristics of the two curves were not so
closely alike. The dominant influence of the
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two elements carbon and silicon is generally seen
by thus plotting the results, and when the metal
temperatures—as taken from the stream leaving
the cupola spout—are also plotted, it is often
possible to see the effect of varying metal tem-
peratures.

In the series in question the spout tempera-
tures were low when irons of between 2.0 and
2.2 per cent, were being tapped. The silicon,
manganese, sulphur, phosphorus, and carbon
curves show a series of kinks, all but the carbon
showing what appears to be a fall in the con-
tents due to greater oxidation at the lower metal
temperature. The kinks are reflected also in the
rupture stress/tensile stress curve. (See Fig. 1.)
This ratio is of some—perhaps considerable—
importance in connection with strength investi-
gations concerning cast iron. The writer has
elsewhere shown the connection of the ratio with
the oompressional and tensile strengths of cast
iron, and has attempted to determine therefrom
the relative values of these strengths; also the
position of the neutral axis or plane in the
transverse test bar when under load. The higher
values of the ratio represent lower tensile
strength, the curves showing these higher values
as the silicon—and silicon plus carbon—contents
are increased. It does not necessarily follow that
the deflections of the transversely tested bars
will increase in the inverse sense to that of the
rupture modulus/ultimate tensile ratios; because
of the lower tensile strength signified, for it is
well known that asofter iron will sometimes
give a better deflection than a harder one. The
writer has found the Brinell figures to give
fairly concordant results when comparing these
with the carbon-plus-silicon values, and, as these
are generally comparable with the rupture modu-
lus/tensile ratios further research should make
the Brinell test more useful than it has been
in cast-iron investigations.

Example No. 2 is from a similar series of dry
sand cast bars having the following range of
chemical analysis:—T.C., 3.3 to 3.7; Si, 16
to 1.9; Mn, 040 to 0.96; S, 0.09 to 0.14; and
P, 0.42 to 0.50 percent.; the mean analysis

H



191

being:—T.C., 3.45; Si, 1.77; Mn, 0.71; S, 0.11;
and P, 0.46 per cent.

The divergences from the mean are as shown
below :—

Per cent. Per cent.
T.C. .. (024)1 above, and 0.16below mean (actual values)
7.0
Si .. 0.13 » 0.17
(7.2) (9.6)
Mn ..0.19 . 0.31
(2.6) (4.2)
S ..0.03 » 0.03
(2.7) (2.7)
P ,.0.04 ” 0.04
(8.7) (8.7)

The figures in brackets give the variation in
terms of the mean contents of the various
elements, as in the case of Examples 1 and 3.

The variations in the combined and graphitic
carbon contents were :—

Per cent. Per cent.
Gr .. . 0.15 above, and 0.25 below mean.
(5.1) (8.5)
CCrrrine 0.19 ” 0.27
(36.0) (51.0)

Total Carbon plus Silicon contents were:—
Maximum, 5.44; minimum, 4.95; and mean, 5.23
per cent.

Tensile Results.—Maximum, 14.9; minimum,
10.6; and mean, 12.8 tons per sg. in.

Transverse Tests.—Rupture stress (modulus of
rupture): Maximum, 27.5; minimum, 20.9; and
mean 24.9 tons per sg. in.

The Ratio— Transverse Rupture Stress : Tensile
Stress (ultimate) was found to be: Maximum,
2.25; minimum, 1.68; and mean, 1.81.

In ,a third series, Example No. 3 represents
similarly cast bars to those in the two former
series. The chemical analyses were:—T.C., 3.4
to 3.6; Si, 1.0 to 1.7; Mn, 05 to 1.0; IS, 0.09
to 0.13; and P, 0.33 to 0.53 per cent.; the mean
analysis being:—T.C., 3.55; Si, 1.43; Mn, 0.75;
S, 0.11; and P, 0.41 per cent.

The divergences from the mean were as
follows:—



Per cent. Per cent.
T.C. 0.04 above, and 0.06below r

(L.1) (L.7)

C.C 0.09 » 0.13

(14.8) (21.3)

Gr (91]%‘)1 »> 0.11
. 3.7

Si 0.28 ot (037)
(19.0) 26

Mn 0.23 » 0(.22)

(30.6) (29.7)

S 0.02 > 0.02
(18) (18)

P 0.12 e 0.09

(29.3) (22.0)
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Total Carbon plus Silicon contents were: —
Maximum, 5.28; minimum, 4.55; and mean, 4.99
per cent.

Tensile Tests.—Maximum, 15.1; minimum, 11.6;
and mean, 13.0 tons per sg. in.

Transverse Tests (Modulus of Rupture).—Maxi-
mum, 25.9; minimum, 22.3; and mean, 24.4 tons
per sg. in.

Ratio— Transverse Rupture Stress: Ultimate
Tensile Stress; Maximum, 2.07; minimum, 1.72;
and mean, 1.95.

Other series of tests, including the valuable
results recorded by J. T. MaoKenzie, in his
A.F.A. Paper of 1926, have furnished closely
comparable figures in which the interesting rela-
tionship between the Brinell hardness values and
the carbon-plus-silicon contents is clearly brought
out. These are graphed in Figs. 2 and 3. Two
sets of curves are shown, illustrating a series of
irons of low manganese (below 0.5 per cent.), low
phosphorus (under 0.5 per cent.), with variable
carbon and silicon contents, Fig. 2, and higher
manganese (0.5 to 1.0 per cent.), together with
other two sets of curves, illustrative of higher
phosphorus content (0.5 to 1.0 per cent.), Fig. 3.

Combined Functions of Total Carbon and Silicon.

In recording the results of the three examples
of ordinary cast irons, the first of which is
graphed in Fig. 1, it will be noted that the
various curves showing the analyses, mechanical
strengths and casting temperatures are plotted
over a base representing the sum of the total

h 2
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carbon and silicon contents in each of the irons
tested. If the total carbon content in each of
the irons had been constant the silicon curve
would have been a straight line in the case where

the sum of the total carbon and silicon contents
was constant or where the silicon contents pro-
gressively increased or decreased by a like amount
from cast to cast throughout the series. The

Fig-
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usual divergences of the carbon and silicon con-
tents result in a broken line or curve, and this
variably contoured line has been found by the
author to give a most useful index to the effect
of variations in analysis when plotted above the
total carbon-plus-silicon base. Ledebur was pro-
bably the first to point out that desirable pro-
perties in cast iron could be expressed in terms
of the total carbon and silicon contents, his
results being shown in a formula which can be
simply stated in the following form:—

Silicon content=6.6—1.5 xtotal carbon content
(max.) to 5.7—1.5 xtotal carbon content (min.).

The total carbon content is here made the basis
for determining the silicon content, and, though
the expression has been simplified in more recent
days, Ledebur’s fundamental conception that the
sum of the total carbon and silicon contents in a
cast iron are of first importance is now generally
accepted, modified to suit the thickness of the
casting, conditions of service required, and the
mould temperature (Lanz hot-mould iron).

Tabie |.—Ledebur's Table of Silicon with varying Total
Carbon contents in Cast Iron

. . Si.

T.C. Si. T.C.+Si. T.C.4Si

Max. Min. Max. Min. Max. Min.

Per Per Per- Per Per Per

cent. cent. cent. cent. cent. cent.
3.8 0.9 0.0 4.7 3.8 0.192 -
3.6 1.2 0.3 4.8 3.9 0.250 0.083
3.4 1.5 0.6 4.9 4.0 0.306 0.150
3.2 1.S 0.9 5.0 4.1 0.360 0.248
3.0 2.1 1.2 5.1 4.2 0.412 0.286
2.8 2.4 15 5.2 4.3 0.462 0.349
2.6 2.7 1.8 5.3 4.4 0.510 0.410

The preceding table is of interest as showing the
Ledebur determinations of silicon per cent, in cast
irons of total carbon content varying between 3.3
and 2.6 per cent. (3.8 per cent. T.C. being the
maximum content the formula allows).

A glance at the table will show that the modern
expression used regularly on the Continent, per
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cent. T.O. per cent. + Si per cent. = 4.0 to 5.2
has been directly deduced from Ledebur’s original
formula. )

Ledebur (Das Iloheisen: p. 57) expresses the

T.0. and Si relationship thus:— 1.0. + ygI -
4.2 to 4.4 and, for low Si irons the constants 4.2
and 4.4 may fall to 3.8.

This worker realised the function of the
eutectio containing 4.3 per cent, carbon in cast
iron structural strength connections, and it will
be seen that the original formula expresses the

Fig. 2a.

view that frds of the silicon content corresponds
with the difference between the total carbon con-
tent and 4.3 (which is the carbon percentage of
the iron-carbon eutectic), in the compositions
recommended for general service. Thus a 1.5 per
cent. Si iron should have a T.O. per cent, of 3.3
when the eutectic constant 4.3 is used. The
values given in Table I, when graphed above a
T.0. + Si base, are shown in Fig. 2a. The T.C.
and Si percentages for the maximum and minimum
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values of the constants (4.4 and 3.8) are indicated
by lines DK-LF and AB-BC respectively. The
lines DK-LF, when extended, meet in point E
and the line EB is the locus of the junctions of

all other T.C. and Si lines corresponding to con-
stants between 4.4 and 3.8. These junction
points, such as E, 0 and B, illustrate the cast
irons having similar T.C. and Si contents. The
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vertical YX represents the 4.3 per cent. T.C.

eutectic (Si per cent. = 0) corresponding to the
expression T.C. per cent. + Si per cent. = 4.3,
where the maximum Si and minimum T.C. have
like values; when T.C. + Si = 5,15 per cent,

(point O). The triangle XYO graphically verifies
the eutectic basis of the Ledebur formula. The
diagram has a peculiar interest in showing the
compositions (with respect to T.C. and Si con-
tents) of modern cast irons of maximum strength.
The writer has found that by drawing the lines
FB, GB, the T.C. and Si contents of strong irons
may be taken to vary between 3.0 and 2.6 per
cent. T.C. and 1.2 and 2.6 per cent. Si. The
triangle FBG gives the limiting T.C. contents line
FB—and the limiting Si contents line GB.

The compositions of the strong Perlit, Emmel
and Corsalli cast irons are indicated. Recent
research ihas shown that Ledebur’s work was of
great importance, and it should be noted that,
after Professor Turner’s researches had proved
the importance of silicon in oast iron, Ledebur
indicated the fundamentals governing the com-
bined effect of total carbon and silicon, or, at any
rate, pointed out the direction in which future
research should proceed in finding the conjoint
influence of the two all-important elements.

Relationship between the T.C. + Si Contents and
Mechanical Strength.

In Fig. 1 the actual results of a series of cast
irons made for the experimental purpose of testing
out the 1.2-in. dia. bar by the German Ironfound-
ing Employers’ Federation, Diusseldorf, have fur-
nished the writer with the means for determining
the influence of total carbon and silicon
(primarily) on the physical properties of ordinary
irons. Similarly, Mr. J. T. MacKenzie’s experi-
ments have enabled the Brinell hardness factor to
be related to the iron composition. In both sets of
tests the important function of the combined
silicon and carbon contents in regulating the struc-
tural strength and hardness is confirmed, much
additional works data having been examined before
the author felt certain of his ground. Both the
German and American results are representative
of somewhat weaker irons than would result from
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British mixtures yielding similar analyses, but the
many British tests examined confirm the accuracy
of the fundamental trend of the combined silicon
and carbon action as illustrated in Figs. 1 and 2.

Effect of Altering the Silicon Content in the T.C. + Si
Factor.

It will be easily realised that the total carbon
and silicon contents in a cast iron whose carbon
and silicon percentages together equal, say, 5.0
may vary between 4.0 per cent. T.C. with 1.0 per
cent. Si and 2.5 per cent. T.C. with 2.5 per cent.
Si. The T.C.+Si factors may be alike, but clearly
the structural and strength characteristics must

vary as the ratio Eyg changes.

The comparison between any cast irons of
similar T.C.+Si contents is perhaps best seen by

using the ratio 7 q as the index of compari-

son. This is well illustrated in Table Il, where a
series of irons having T.C. + Si contents is equal to
5.6 per cent.

Tabte Il
. . Si.
T.C. Si. T.C.+Si. T.C4Si.
Per cent. Per cent. Per cent.

.6 3.0 5.6 0.536
2.8 2.8 5.6 0.500
3.0 2.6 5.6 0.465
3.2 2.4 5.6 0.429
3.4 2.2 5.6 0.393
3.6 2.0 5.6 0.357
3.8 1.8 5.6 0.322
4.0 1.6 5.6 0.286

The characteristics of the irons of equal T.C. +
Si contents differ more considerably as the T.C.+
Si values are smaller, as shown in Table I'l1.

If the irons in Table Il are assumed to cool at
such a rate that the structures are fully pearlitic,
the graphitic carbon and combined carbon contents
will closely approximate to the values given in
columns (a) and (b), manganese, sulphur and phos-
phorus contents being ignored in the estimations



202

for the sake of simplicity. This enables the
student to visualisé the relative effect of the total
carbon and silicon in producing graphitisation

between the solidification and pearlitisation points.
Thus a rise of 0.5 per cent, in total carbon and a
corresponding fall of 0.5 per cent, in the silicon

Tabte IlI.

In

- earlitic

i i Si. GC c%ndition

T.C. Si. T.C.+Si. TC+si o .
{@) ()
Per Per Per Per Per
cent.  cent. cent. cent. cent.
2.5 2.0 4.5 0.44 1.67 0.83
3.0 1.5 4.5 0.33 2.16 0.84
3.5 1.0 4.5 0.22 2.65 0.85
4.0 0.5 4.5 0.11 3.14 0.86

contents results in an increase of the graphitic
carbon content of about 0.50 per cent, in irons
having similar T.C. + Si contents. But the weak-
ening effect of the increasing graphite contents in
the four irons in Table IIl is best seen by com-
paring the volumetric compositions of the castings
thus:—

Per cent. Per cent. Per cent.
(1) 2.5T.C. iron Gr. 5.47 Silico-Pearlite 94.53
(2) 3.0T.C.iron » 1.05 " 92.95
(3) 3.5T.C. iron ., 8.65 " 91.35
(4) 4.0T. C.iiron ,» 10.10 89.90

Accepting Sauveur’s conclusion that the graphite
volume (per cent.) is approximately equal to the
sectional area per cent, as shown on the micro
structure photographs, the above figures for the
volumetric analysis of the four cast irons may bt
taken as showing the areas of the graphite flakes
and of the pearlite approximately.

The T.C.+ Si contents of a cast iron do not,
therefore, indicate the strength of the iron, unless
the silicon influence, as shown by the ratio

T C +Si~ "a”en *rr*0 consideration, together with
that of the total carbon content.
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In a series of bars 1.2-in. dia., cast at similar
temperatures, and of similar T.C.+Si contents,
the rupture stress (transverse tests) varies in pro

portion to the ratio * g. approximate!;

Phosphorus, between say 0.4 and 0.8 per cent.,
does not affect the strength to any considerable
extent, neither does sulphur, up to, say, 0.12 per
cent., but manganese has a very powerful effect,
increasingly as the content exceeds, say, 0.6 per

cent., the ratio—gi?being an index to the increase

in transverse and tensile strength.

Generally, the irons low in manganese (below
0.5 per cent.)) show the greatest variations in
mechanical strength. Here the power of the
silicon in promoting graphitisation is unrestricted,
manganese being in an insufficient proportion to
stabilise the combined carbon. Whenever the
silicon exceeds, say, 1.5 per cent., sulphur, even up
to 0.13 per cent., though increasing the Brinell
hardness, does not materially affect the rupture
stress. In the irons of lower Si-content sulphur has
a more potent effect, hardening and lowering the
rupture stress and diminishing the deflection.

The author has found that by recording the

.C.+Si i A .C.
T.C. + Si contents the ratio TC +5i and the T.C

per cent, in irons cast at the same temperatures
from similar mixtures, an index to the rupture
stress may be obtained. This index corresponds to
a low manganese content in the iron (below 0.5
per cent.). Higher Mn-eontents may be expected
to increase the strength, whilst in low Mn, low Si
irons the presence of sulphur may be expected to
reduce the strength.

In examining a large number of test results the
divergence in the transverse and tensile strength
values was very confusing. It was found possible
to divide the mass of data into groups according to

the T.C.+ Si and proportions. This has

been done in the case of the Dusseldorf group of
irons, which were cast under systematised condi-
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tions and therefore give comparisons of an ex-
tremely useful character. In an examination of
British irons the conditions varied so much and the
lack of information with respect to casting tem-
peratures (together with the fact that so many of
the bars were not 1.2-in. dia.), has compelled the
author to keep these results out of Table IV, but
it may be definitely stated that, generally, the
mechanical strengths in the British irons were
somewhat higher than the German, whilst being
related to the T.O. and Si sum, and to the ratios
__Si —and TC in the same manner as shown in
T.C.+Si Si

Table 1Y.

In compiling the table it was necessary to
take the average values of a number of tests
in each of the seven series as the variations
were often confusing. By so doing the general
trend of the various influences was revealed.
The individual influence of the elements was seen
in the majority of the test results, but not clearly
unless compared with the mean values. The
most useful pointers were seen to be the various
ratibs between the chief elements which affect
the mechanical strength, viz., total carbon, com-
bined carbon, silicon, and manganese. Sulphur,
which is so often quoted as being detrimental to
transverse and tensile strength, does not appear
seriously to affect the results. Indeed, in ex-
amining the deflections, sulphur contents in
excess of 0.13 per cent, are associated with the

highest deflections. In Fig. 4 the ratios Tcm

Mn; Tv Si .
—gT “T and TC +gj; are plotted over a T.C.

+ Si base. In the case of the last-named ratio
this is plotted downwards (from the horizontal
A B) in order to show more clearly its connec-
tion with the transverse rupture stress (Tv) and
the tensile strength (ultimate) (T). The graphs
are self-explanatory, but attention should be
drawn to the relationships of total carbon to
silicon, silicon to total carbon plus silicon, and
manganese to silicon. These influence the com-
bined carbon content and the ratio of transverse
rupture to the ultimate tensile stresses.
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The Significance of the Ratio
Transverse Rupture Stress _ Tv
Ultimate Tensile Stress T
In a number of earlier investigations, where the
tensile, transverse, and compression tests were
correlated, it was apparent that the ratio of the
tensile to the compression strengths was an index
to the transverse strength of cast iron—not a
new finding, for Hodgkinson and other early in-
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Fig. 4.

vestigators had attempted to relate the two in
formulae for the determination of the strengths
of cast-iron heams. In Table IY it will be seen

that the ratio increases when the T.C.+ Si

values fall below about 5.4 per cent., the ten-
sile strength falling to between 8 and 9 tons
per sqg. in. when the T.C.+ Si contents exceed
5.8 per cent.,, with low Mn (below 0.5 per cent.)
and high P (above 0.8 per cent.). With lower

v
T.C.+ Si values the ratios fall.
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The rupture stress Tv accompanying the frac-
ture of a transverse bar, the tensile strength T
of whose metal is known, is related to the com-
pression strength of the material. When the
Tv/T ratio is high the tensile strength T is low,
and vice versa.

A useful example is recorded, a cylinder about
9 ft. long, 1.75 in. thick, having been cut up for
tests. The analysis of the metal averaged: —
T.C., 3.09; C.C.,, 0.80; Gr.C., 2.29; Si, 1.14;
Mn, 0.70; -S, 0.13; and P, 0.39 per cent.

Tensile, compression and transverse tests
showed the following variations:—Tensile, 11.65
to 14.77 tons per sq. in.; compression, 48.8 to
55.2 tons per sg. in; and transverse rupture stress,
25.1 to 26.5 tons per sq. in.

In the various test pieces broken the relation-
ships between the rupture stresses and the
analyses were as shown in Table V.

The greatest care was exercised in the
preparation and measurement of the test
pieces, which were sound throughout. The
accuracy of the determinations was unquestion-
able, and the author has therefore no doubt or
hesitation in working upon the data provided by
the chemical analyses, micro-examination and
mechanical tests, which were carried out at the
Sheffield University.

The results furnish a clue to the relationship
between the transverse rupture stress and the
ultimate tensile and compression stresses.

If the values in the columns (i), (k) and (1)
are examined it will be found that the ratio
Ultimate compression stress To

Ultimate tensile stress ="T and th& ratl®
Transverse rupture stress Tv
‘ Ultimate tensile stress = T" are m almost 6xact

relationship, being in the proportion of 1.93:1.0,
except in test No. 4, where the highest tensile
and compression values were found, ydiich, inci-
dentally, was taken from near the bottom of the
cylinder as cast, test No. 3 being nearest the top
and of lowest tensile strength.

The point of interest is that the ratio Tc/Tv
is practically constant, notwithstanding the
considerable variations in the tensile and compres-
sion (ultimate stresses T and Tc). The mean
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values for the stresses T and Tc are 12.61 and
50.5 respectively, and for Tv 25.9. The rupture
stress (transverse) Tv is therefore nearly 52 per
cent, of the oompressive stress for the cast iron
in question in all except test No. 4, whereas the
relation between the rupture stress Tv and the
tensile stress T varies throughout the series.
This fact supports the view held by the author
that the rupture stress Tv is directly propor-
tional to the ultimate compression stress in a cast
bar and not in direct proportion to the tensile
strength, which varies in its relation to the
compression strength. This is supported by the
results given in column (i), where the Tc/T ratio
varies, and in Table IV, where the ratio Tv/T
diminishes in value as the T.C.+ Si contents and

the ¢ ratios fall. A warning is necessary

here in respect to conclusions arrived at from odd
tests taken under different conditions of casting.
It is only by means of comparisons with series
of bars cast under similar conditions and from
the same type of mixtures, cooled in similar
fashion, that comparisons between the tensile,
compression and transverse tests will furnish in-
formation of a really useful character. The use
of the compression test for cast iron has not been
general, the tensile and transverse tests being
considered sufficient. The fact that tensile and
transverse test results so generally show differ-
ences in the ratio of the ultimate tensile to the
rupture stress would point to the use of the com-
pression test in order to reveal the real value and
meaning of the transverse test. It has already
been shown in Table IY that the variable char-
acter of the Tv/T ratio is due to the total carbon
and silicon proportions—modified mainly by the
manganese content. A knowledge of the ultimate
compressive strength in addition is necessary if
the results of the transverse tests are to be inter-
preted fully. It is not the desire of the author
to suggest that these additional tests are com-
mercially necessary in ordinary foundry testing
practice, but a more complete knowledge of cast
iron is demanded, further systematic research on
the relationship between the analysis, structure
and mechanical strength being overdue.
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Deflection in Transverse Tests.

There has always been great difficulty in
accounting for differences in the amount of de-
fleotion in the transverse test bar. The usual
deflection formula is based on the assumption
that the deflection varies inversely as the modulus
of elasticity, taken as 6,000 tons per sq. in., there
being no allowance for possible differences in
elastic deformation in tension and compression,
which differences would alter the position of the
neutral axis or plane. The author does not pro-
pose to touch the complex mathematical problem
involved in any rational method of calculation,
but, as in the case of the rupture stress estima-
tion, would draw attention to the fact that the
ratio of tensile to compression strength (ultimate),
which has been already observed to be related
to the Tv/T ratio, also appears to be approxi-
mately related to the deflection at moment of
rupture.

If the deflection values given in Table IV be
divided by the corresponding Tv/T ratios, the
resulting figures will be found to increase as the

T.C.+Si i and 1_L__+{&)1 values decrease, as
shown below :—
Tabte VI
Deflection T.C.+Si. Deflection TvIT.

in ins. TvIT.
0.40 6.01 0.172 2.33
0.44 5.74 0.197 2.23
0.35 5.59 0.177 1.97
0.46 5.43 0.225 2.05
0.44 5.10 0.228 1.93
0.49 4.89 0.272 1.80
0.48 4.34 0.250 1.91

The deflections in the standard test bars may
therefore be expected to increase in cast irons
of low T.C.+Si content, the increase being
greatest when the ratio —— ——is the least

practical minimum. It may be expected also that
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the deflections will be increased when the ratio
-’érir-exceeds 0.6. It should also he noted that
the phosphorus, in excess of 0.7 or 0.8 per
cent., detrimentally affects the deflection, as
proved by J. T. MacKenzie, whose A.F.A. Paper
(Syracuse meeting, 1925) is well worthy of close
study.
The Influence of Micro-Structure.

As the method of interpreting the chemical
analysis of cast iron in terms of the various
structural constituents is now well known, the
range of cast irons taken for illustration (Tables
IY and V) can be readily analysed structurally,
and the degree of pearlitisation and graphitisation
arrived at.

Summary.

The dominating influence of silicon and total
carbon together, and the importance of the carbon
and silicon proportions in the (T.C.+ Si) factor
must have first attention when attempting to
interpret the analysis of a cast iron in terms of
its mechanical strength.

Fig. 5 has been prepared from a mass of test
results and shows how many different compositions
(in respect to total carbon and silicon contents)
may be used in obtaining iron of given transverse
rupture strength. The position of the special
modern strong irons, such as Oorsalli, Perlit and
Meehanite, in the ranges of silicon and. T.C. +Si
should be noted (marked O. P. and M.).

The influence of total carbon, silicon, manganese
and phosphorus have been related to Brinell hard-
ness values. Here again the sum of the total
carbon and silicon contents have been shown to be
of great importance. In Figs. 2 and 3 the ranges
of total carbon and silicon, plotted over a T.C. +
Si per cent, base, are correlated with the ranges
of Brinell hardness.

The modulus of rupture or rupture stress in
transverse tests, when considered in relationship
to the ultimate tensile strength, yield a valuable
factor, Tv/T, which plays an important part in
the study of the strength of cast iron. This factor
is related to the deflection, to the sum of the total
carbon and silicon contents, and to the relationship
of carbon to silicon in that sum.
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In conclusion, the author ventures the hope that
by this new view of the factors at work in deter-
mining the strength of cast iron some further light
will be thrown on the reasons for some of the
great differences in mechanical strength in cast
irons of apparently similar chemical analysis. The
question of impact testing has not been considered
in the Paper for the reason that the author does
not believe the time has arrived for concluding

Fig. 5.

that a notched bar of small dimensions (hammered
at two opposite sides alternately when broken by a
certain number of blows of arbitrarily determined
falling energy) can furnish figures which are a true
measure of the strength of cast iron, especially
when it is realised that the iron has been mutilated
by ploughing a groove through what is often the
strong envelope of a weak cored metal. The test
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is of use as a measure of toughness and of resist-
ance to shock in a very approximate sense only,
for, as is well known, cast-iron test bars less than,
say, 1.2-in. dia. retain casting stresses which in
many cases prevent the obtaining of tensile or
transverse strength values actually representative
of the metal as a whole.

The outer half of the bar area contains the best
portion of the iron, and if this is turned off the
weaker and often micro-porous metal core becomes
the test piece. This trouble is common in the pre-
paration of tensile and transverse bars if too much
is tooled off the outside, and is much more serious
in the case of impact test specimens. Grey cast
iron is heterogeneously fissured by the graphite,
and in cast bars the degree of structural homo-
geneity decreases rapidly from the outside to the
inside. If from any cause the cast bar is, during
pouring, caused to cool more slowly on one side
than on the other, as when a bar is cast on to a
larger casting, or if the metal stream hugs one
side of the mould, the metal when cold has an
irregular structure. Recently a case was examined
where two test bars, one cast separately and
another cast on to the flange of a large cylinder,
gave tensile results showing a difference of 3 tons
per sq. in., the metal being cast from the same
ladle. The weaker metal showed a mixture of
coarse- and fine-grained structures in the broken
bar.

This example is typical of the variations in test
results so often found in series of similar bars cast
from the same ladle, and points to the difference
in cooling rate as perhaps the chief reason for the
divergences in mechanical strength of material
known to have been cast from similar mixtures of
like chemical analysis and in moulds of similar
size, of the same character, gated and poured in
the same manner.

The paramount influence of the rate of cooling
of the metal in the mould has not been lost sight
of, but the author has purposely avoided touching
the many-sided problem involved in the considera-
tion of the variations in strength due to varying
thicknesses of a casting.

The present Paper therefore seeks to point out
the differences in mechanical strength in cast-
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ings of about 17 in. dia., or 2-in. x 1-in. section,
having approximately the same cooling ratio

/perimeter of sectioux All the data given refers to
\ area or section f

bars or castings of this type (excepting the 1.75-in.
thick cylinder referred to in Table V).

In view of the general trend of opinion in re-
garding a 1.2 or 1.25-in. dia. bar as the most
suitable size for an arbitration or standard test for
cast iron, the author Fas drawn his illustrations
from and based his conclusions on the results of
many hundreds of tests made on bars and castings
of similar thickness to that of the bar recom-
mended in the I.B.F. tentative specification and
to that standardised by the A.F.A.

The great variations recorded in the many test
results on bars less than 1 in. dia. or thickness,
even when cast from the same ladle of metal—e
obviously due to unavoidable differences in pour-
ing speed, casting temperature and cooling rate—
point, in the author’s opinion, to the undesira-
bility of using bars less than 1.2-in. dia. for the
purpose of standard or arbitration tests for grey
cast iron.

The author is greatly indebted to Mr. J. T.
Goodwin, of the Sheepbridge Coal & Iron Com-
pany, Limited, to Mr. J. T. MacKenzie, of the
American Pipe Company, Birmingham, Alabama,
U.S.A., to Mr. John Shaw, of the Brightside
Foundry Company, and to the British Cast Iron
Research Association, through the good offices of
the Director, Mr. J. G. Pearce, B.Sc., for much
of the data used in the preparation of the Paper.

JOINT DISCUSSION ON PROF. PIWOWARSKY'’S
AND MR. FLETCHER’S PAPERS.

A New Era in Cast Iron.

Mr. T. H. Turner, of Birmingham University,
dealing with the subject of the Paper, said he
had been instrumental in starting a research on
somewhat similar lines about a year ago, and he
welcomed the success that Prof. Piwowarsky’s pre-
liminary Paper indicated. It was astounding to
find a cast iron of 47 or 48 tons per sg. in. tensile
strength, though that might not be a commercial



215

matter yet. We might not yet have reached the
alloy-cast-iron age dn the way that—as Sheffield
told us every day—we had reached the alloy-steel
age (having passed the ordinary-steel age intro-
duced by Bessemer), but Prof. Piwowarsky and
others had shown that, at any rate, we were enter-
ing the alloy-cast-iron age. We oould make this
sort of oast iron, but it would probably be less
expensive, for three reasons—its machinability,
strength, and resistance to corrosion. It was
extraordinary to find that Prof Piwowarsky’s
cast iron, of 45 tons or so tensile, machined as
well as an ordinary one. Diesel engines, aero-
plane engines, and machines of that type would
call for the greatest strength and resistance to cor-
rosion, and in that connection he mentioned that
a Midland firm were making alloys with a still
higher percentage of nickel and chromium than
that mentioned by Prof. Piwowarsky, as corrosion-
resisting material for ordinary purposes. The
varying results that had been obtained in Great
Britain during the past few years could best be
seen in a still later bibliography than that men-
tioned in the Paper, i.e., that prepared by Dr.
Everest and published by the British Oast Iron
Research Association this year. Most of the
workers who had tried adding nickel and
chromium to cast iron had inade practically no
alteration to the cast iron itself.

Nickel to be Added to Low Silicon Irons.

The advantage of nickel was obtained only
when the silicon content was lowered, because
silicon and nickel acted in the same direction in
that they produced graphite, but the_ nickel did
not produce it so much as silicon. Silicon tended
to produce a coarse graphite, and nickel tended
to produce a finer graphite, and in some cases,
with extraordinarily successful heat treatment,
it had given a truly fine graphite—so fine that
it could hardly be seen under the microscppe.
The two alloys, steel and cast iron, must hang
together when one bore in mind that one factor,
graphite. By various means one could alter the
size of the graphite, and that was fundamental
in the strength of a cast iron. Every engineering
achievement was now attained by the use of alloy
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steel. Major Seagrave’s car was built of nickel-
cliroine steel or nickel steel; the same applied to
Lindbergh’s aeroplane engine, so that when we
wanted the best strength in cast iron it was essen-
tial that we should follow the same movement.
The addition of nickel would never be successful
unless we reduced the silicon, and he believed
also that the best results would be attained with
a combination of nickel and chromium, but the
proportion must be like that of the alloy steels—
the amount of nickel must be two or three times
greater than the amount of chromium. Finally,
he said that, since the very best results were
attained with an alloy steel always after it had
been heat treated, Prof. Piwowarsky was proceed-
ing on logical lines in developing not only alloy-
ing but heat treatment also. That was not always
necessary, however, and for mere machinability
the addition of nickel alone, without heat treat-
ment, had been successful.

Dr. P. Longmuir welcomed Prof. Piwowarskv’s
Paper, not only because of its merit, but also
because of the exceptionally good work which had
been done in Aachen in connection with both
cast iron and steel. Dealing with the author’s
brief reference, at the beginning of the Paper,
to the work done in Germany and in other
countries, Dr. Longmuir asked if he would state
the method of melting, because .a crucible-melted
alloy oast iron should not be compared with a
cupola-melted cast iron. A good deal of work
had been done successfully in earlier days on the
influence of what, in Sheffield, were called special
elements, but much of that work had not been
published. The author had opened out ,a field of
very great promise to the foundry world in the
after-treatment of oast iron, including quenching.
Some years ago preliminary work was done at
Sheepbridge, he believed, by'the late Mr. Herbert
Pilkington, a Past-President of the Institute, on
quenohing, with a quenching medium of clay
wash, and some very promising results were then
obtained. The author had also opened out an
interesting field in the study of cast iron by pro-
ducing a casting with the carbon in a state of
combination, thus to a large extent eliminating
crystallised graphite. Some very promising work



217

was done by Royston, ,at Mason College, Birming-
ham, vyears ago on quick heat treatment.
That work, unfortunately, had not been followed
up to the extent that it might have been, but he
(Dr. Longmuir) had had the pleasure of repeating
some of Royston’s experiments at Sheffield Uni-
versity, and of confirming them land carrying
them forward to quenching. This work was done
on crucible-melted cast-dron alloys. Commercial
alloy cast irons, containing combinations of
nickel, chromium, and other special elements, were
being produced in Sheffield, and the extra ex-
pense entailed in producing them was amply
justified.

Importance of Factors Other than C -(- Si Stressed.

Me. John Shaw said that, although any Paper
by Mr. Fletcher merited oareful attention, he
must confess to a feeling of disappointment with
the present one. It was so general in character
and was hedged about with so many qualifications
that its practical utility was doubtful. The
author was apparently obsessed with the idea of
reducing everything to graphs and formulae. His

Tv
ratio — might hold good when using the same

T
mixture, and under standard conditions, but if
the phosphorus content were increased to any
extent a new ratio would be formed. This, for
one thing, answered Mr. Fletcher’s query with
regard to the fact that tensile and transverse
test results so generally showed differences in the
ratio of the ultimate tensile to the rupture stress.
Manganese and sulphur were stated to have an
influence on strength. |If that were admitted,
it was necessary considerably to modify the state-
ment that “ The higher values of the ratio repre-
sent lower tensile strength, the curves showing
these higher values as the silicon—and silicon plus
carbon—contents are increased. It does not neces-
sarily follow that the deflections of the _trans-

versely-tested bars will increase in the inverse
sense to that of the rupture modulus-ultimate
tensile ratios.” The relation of Brinell also

needed qualifying, as high phosphorus led to
higher readings. The author had then proceeded
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to build up a theory concerning the dominating
influence of total carbon plus silicon, a fact gener-
ally admitted, but not to the extent of leaving
out the influence of the equally important factors
of combined carbon, phosphorus, manganese, sul-
phur, mould temperature, casting temperature,
and the effect of annealing, say, linn jacket cores
on structure. One might cast a box of bars of
1, 1J, 2 and 3 in. dia. from one ladle. One would
obtain a tensile of 12.9 on the 1 in., 10.84 on the
18 in., 10.4 on the 2 in., 55 on the 3 in. All
these bars would have the same total carbon plus

silicon and ---------—-- , but what a difference there
TO+Si

would be in the physical result due to the cooling
action alone ! Mr. Fletcher did attempt to rectify
one objection to TO + Si = 5 or 4, in Table III.
He had based his conclusions on the examination
of castings, and he (Mr. Shaw) was quite pre-
pared to accept the figures and tables for the par-
ticular type Mr. Fletcher had examined. On the
other hand, most foundrymen had to visualise the
effect of the various elements and the casting and
cooling conditions before they could calculate a
suitable mixture, which even then might be regu-
lated by the stocks carried.

Correlation with American Experiments.

Mr. Fletcher had quoted from Mr. MacKenzie’s
Paper before the American Foundrymen’s Asso-
ciation last year. The list of, roughly, 200 sets
of bars, 2 in. by 1 in. by 24 in., warranted any-
one’s attention. They were tested on the flat.
All the moulds were dried, and the bars cast
vertically, top pouring being used. He had spent
some hours studying the results, in order to see
what confirmation of Mr. Fletcher’s results they
gave. Unfortunately, the tensile results were nod
taken. He had first collected all results (except
very low carbons) that had a high impact value,
and had averaged them. In order to find out the
influence of phosphorus, he had extracted the high-
phosphorus bars and had averaged them. Going
a step further, he had taken all high-sulphur bars,
except those with high phosphorus.  The results
are shown in Table A. (See facing page.)
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From Table A it would be seen that a high
phosphorus lowered the breaking load, deflection
and impact value, while there was a slight increase
in the Brinell number. The high-sulphur results
certainly showed the same characteristics, but to
a smaller degree. This raised the whole question
of the manganese-sulphur relation. If the whole
of th© sulphur were in the manganese-sulphur
condition, the sulphur could have no effect on
the stabilisation of the carbide. From where did
the increase in combined, carbon arise? This was
much more noticeable in some of the bars than
the average showed. ThO T.C. + Si formula took
no account of the heated mould or superheated
metal.

The Perlit Process.

Mr. Fletcher had mentioned the Lanz process,
but it followed that if one ran a fair quantity
of hot metal through the risers, on© pre-heated
the mould and altered the structure. The design
of a casting had also a bearing on the structure.
In a recent issue of “ The Foundry ” an example
of that was given. Bars cut from the inner liner
of a 25-ton jacketed cylinder gave 8.16 tensile,
with a combined carbon of 0.05 per cent., and a
Brinell of 89, while bars cut from a bush 3J-in.
thick, of approximately the same mixture, gave
12,5 tons tensile, with a combined carbon of 0.55
per cent, and a Brinell of 138. There was no
doubt that the poor result shown in the cylinder
was due to the annealing effect of the narrow
jacket retaining the heat for a long time. This had
not been allowed for in the composition, but would
meet Mr. Fletcher’s formula. He (Mr. Shaw)
had not said this in any hypercritical spirit, for
no one had a higher respect for Mr. Fletcher’s
ability than he had, but he was quite sure, from
the pre-casting point of view, that it was better
to deal with each job on its merits. He person-
ally fixed the carbon, phosphorus and sulphur
as low as his materials would allow, and let the
thickness of the casting determine the silicon and
manganese contents to be employed, aiming to
obtain a pearlitic structure. Checking this with
a chill test before casting was important.



221

Nickel-Chrome Cast Iron.

Discussing Professor Piwowarsky’s paper, Mr.
Shaw first complimented the author upon the large
and valuable amount of work he had contributed
to the improvement of cast iron. He himself had
experimented with chromium and nickel additions
for the last six years, and could confirm that the
additions did not add much to the physical
results, as tested, on bars; in fact, if much car-
bide were present, the material seemed more
brittle under the direct shock test. On the other
hand, in very heavy sections it appeared that the
fin® graphitic structure was carried right down
to the centre, and in that case, therefore, gave
greater strength. He had carried out a certain
amount of work on the heat treatment of small
castings containing 0.7 per cent, chromium and
0.45 per cent, nickel. It was found that the best
results were obtained with a double heat treat-
ment at over 950 deg. C. The Brinell was reduced
from 512 to 269. Quenching in water was tried,
with another object in view, and 713 Brinell was
registered. His directors were now considering
plans for the erection of annealing furnaces to
deal with some of this work, which promised to
branch out in several directions. Professor Piwo-
warsky’s paper was a model of conciseness; every
detail was given, and it was possible to repeat
the experiments and compare the results. With
regard to the piping, he suggested that possibly
this was clue to the bubbling action of the clay
with which the chill “was lined. He himself
experienced no difficulty in that direction with
much heavier sections cast in chills, with lower
carbons and silicons, and about the same chromium
content, but less nickel. Th© commercial aspect
of castings of this type was the most serious. It
was evident that a lined chill could not be applied
to many types of casting. To get th© structure
aimed at in this investigation with composition
alone left very little room for error either in
analyses or works methods. To obtain th© com-
position in Table | even demanded either an O.H.
or electric furnace. It was very doubtful if the
carbons could be obtained in the cupola with any
certainty, even if all-steel charges were used;
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certainly the sulphurs could not. To the cost of
annealing there must be added depreciation and
interest in respect-of the furnace. By this time
one was approaching steel castings in cost of
manufacture. He asked Professor Piwowarsky if
he could give any advantage that could he claimed
for such castings over a steel casting. That bug-
bear of the steel foundry, “ flying,” was also
present in attempting to anneal complicated
castings of this metal. They must bO stripped as
hot as possible and placed in a hot oven. To allow
them to go cold and then attempt to anneal was
nearly fatal, as he knew to his sorrow. These
latter remarks, of course, did not apply to the
small type of casting dealt with by the author.
The salt-bath method might meet the requirements
in that case.

German Results Confirmed.

Mr. J. G. Pearce (Director, British Cast Iron
Research Association) suggested that perhaps the
nearest commercial approach to the line of labora-
tory investigation followed by Professor Piwo-
warsky was not a steel casting, but a whiteheart
malleable casting. He could not give figures at
th© moment to confirm Professor Piwowarsky’s
results, but the Association had done a little work
on nickel and chromium additions and chill
casting in respect of commercial whiteheart
malleable iron. In some tests on the influence
of nickel and chromium on commercial white iron
of the malleable-pig type they had found that,
in the annealed state, additions of from 1 to 2
per cent, of nickel and chromium did definitely
give better results; distinctly higher tensile
strength, of the order of from 30 to 40 tons per
sq. in., was obtained quite easily, and with addi-
tions of up to 1.5 per cent, of nickel the bend
test was improved, i.e., the ductility of the metal
was improved. It was very difficult to compare
the ductilities in the two cases, because they had
used the bend test and Professor Piwowarsky had
used the transverse test. Also, following the pro-
posals of Mr. Pletcher, the Association had experi-
mented on tough malleable iron with nickel and
chromium additions, and had obtained some really
remarkable results by casting malleable in chills.
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That, of course, might not b© a commercial pos-
sibility at the present moment, but it did fit in
very remarkably with some of the work the
Association had in hand. Bars were cast in chills
and in sand, and annealed under identical condi-
tions. Sand bars bent 45 deg. before fracture,
whereas the chill bars gave a perfect bend of 180
d©g. and still showed no sign whatever of fracture.
Those parallels might be interesting, in view of the
similarity of whiteheart annealing and the heat-
treatment adopted by Professor Piwowarsky. He
asked if the Professor could give the elongations
on the large tensile bars. It was difficult to see
from the Paper whether the sand cast bars were
actually heat-treated. Referring to Table | in
the Paper, Mr. Pearce said there appeared to be
one or two errors. The total carbon appeared
to be about 2.26 at first, and after heat treatment
it was 3.03.

Higher Elongation Sought.

Me. E. R. Tayitor, A.R.S.M., F.I.C., said that
the method outlined by Professor Piwowarsky, of
pouring the superheated iron into chill moulds
and subsequently annealing the castings in such
record time, appeared to be a very economical
means of producing small malleable castings of
great strength but of moderate ductility. Such
mechanical properties as 47.6 tons per sqg. in. when
using a nickel-chromium iron, and of 31.7 tons
per sq. in. on unalloyed cast iron, were figures
far greater than the usual 20 to 25 tons ordinarily
obtaining in malleable cast iron. At the same
time, the elongations registered, viz., from 2 to 4
per cent., could not compete with the 8 per cent,
on 2 in. which was possible with whiteheart
malleable. There should be many uses, however,
for an iron of such unusual strength, even if the
ductility were of a lower order. It was interesting
to know that the results given by Professor
Piwowarsky compared with those obtained in the
malleablising of Emmel iron. Any successful
means, however, of increasing the ductility beyond
4 per cent, would add very greatly to the value
of the malleable produced. The real advantage
of such a process was not so much in producing
a super-strong metal as in obviating the necessity
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for long annealing; hence its possible economy.
High-tensile iron was always possible in the pro-
duction of whiteheart malleable provided the right
composition was employed as the base. As an
example, by using a high-manganese hematite
iron with a composition Mn 125, S 0.13, and
annealing for the usual period in the case of
whiteheart malleable, tensile strengths of 32.5
tons per sg. in. and elongations of 3 per cent, on
2 in. could always be obtained. This composition
base metal would anneal to a sorbitic state, as in
the examples cited by Professor Piwowarsky. Such
high tensile figures as the 47.6 tons per sg. in.
obtained in his experiments were remarkable
achievements, but any substitute for malleable
cast iron required to hav®© good bending properties,
of at least 45 deg. in a f-in. thick bar, in order
to satisfy the malleable trade. He would prefer
to call the product described by Professor Piwo-
warsky high-duty malleable cast iron, as distinct
from "the ordinary whiteheart malleable cast iron,
because, apparently, it excelled in strength as
distinct from bending properties.

Mr. Colin Grksty (Newcastle Branch), dis-
cussing Mr. Fletcher’s Paper, said it was sur-
prising to him that so very little had been said
about oombined carbon. In the various analyses
given by Mr. Fletcher, by far the greatest varia-
tion from the mean was shown in the combined
carbon, and yet that was not plotted in Fig. 1,
but everything was put down practically to the
total carbon and silicon. It seemed to him that,
since the combined carbon varied to such a very
great extent, at least it ought to be plotted with
the other things, because it might be a vital fac-
tor. With regard to the total carbon plus silicon
basis it should be remembered that this depended
always on a certain assumption, namely, that the
cupolas were worked so that the saturation of
the metal as regards silicon and carbon was com-
plete, whereas he believed he was right in saying
that practically all modern cast iron developments
with cupola irons depended on exactly the oppo-
site fact, that is to say, the working of cupolas
so that the metal was not completely saturated
with silicon and carbon.
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Commenting on Mr. Shaw’s point that Mr.
Fletcher had not dealt with the rate of cooling,
he said that Mr. Fletcher had explained, of
course, that he had deliberately avoided it. He
(Mr. Gresty), however, did not see how one could
possibly disregard the rate of cooling factor when
considering processes such as the Perlit process
or any other in which the rate of cooling was,
one might almost say, the predominant factor.
In the Perlit process the rate of cooling was con-
trolled by the heat of the mould. In other pro-
cesses superheated iron -was used, and he did not
think it was right to draw the conclusions which
Mr. Fletcher had drawn unless he did take that
factor into consideration.

There appeared to be one or two slips in Fig.
2A. For example, Mr. Fletcher referred in the
text to the lines FB and GB, and apparently
G was iat the end of the total carbon line and
F at the end of the silicon line instead of Ol
the base line as shown. Mr. Fletcher said that
he had found that by drawing the lines FB, GB,
the total carbon .and silicon contents of strong
irons might be taken to vary between 3.0 and
2.6 per cent, and 1.2 and 2.6 per cent, respec-
tively. Immediately following that he talked of
the compositions of the strong Perlit, Emmel and
Corsalli cast irons, but he (Mr. Gresty) did not
understand this because, in his experience of the
Perlit process 1.2 per cent, silicon was the top
limit for small castings. In his own practice,
metal containing less than 0.5 per cent, silicon
was often used, and, therefore, it was difficult
to find the basis of Mr. Fletcher’s statement.
Also, from what he knew of the Emmel process
he did not think Mr. Fletcher was justified in
putting a definite line marked “ 2” on Fig. 2A
as denoting the composition of Emmel iron—in
fact it seemed that Fig. 2A was an attempt to
confine these special irons to particular composi-
tions whereas in reality they had much wader
limits. For instance, line “ 3” in Fig. 2A
showed Perlit iron as having ,a total carbon plus
silicon content of 4.2 per cent., but a study of
the Perlii patent specifications would show that
provision was made for the total carbon plus
silicon content to be from 3.4 to 4.6 per cent.

1
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He would be glad if Mr. Fletcher would explain
further these points regarding the special irons.
The Paper was not by any means an easy one to
follovv, and it might be that he (Mr. Gresty) had
not correctly understood soriie of Mr. Fletcher’s
references.

Ni and Cr Additions for Ordinary Castings.

Mr. J. G. Robinson, Halifax, asked Prof.
Piwowarsky if he had any information with regard
to the use of nickel-chrome in ordinary grey iron
castings, because he understood that it had been
used very extensively for that purpose in the
United States. An alloy was now being put on
the market in this country with the elements
balanced—nickel and chromium—and it was
claimed that by adding this to molten metal in
the ladle in correct proportions it was possible to
produce castings with a low silicon and high com-
bined carbon (up to 0.8 per cent.) which did not
give a hard skin and thereby cause trouble in the
machine shop, but which were easily machinable,
had increased strength and wearing properties
and a 25 per cent, increase in Brinell hardness
tests. The approximate extra cost of such castings
would be about a halfpenny per pound. He asked
whether Prof. Piwowarsky had found it possible
to add such an alloy to molten metal and obtain
these results.

Empiricism Stifling Progress.

Mr. Horace J. Young, in a written communi-
cation, said that undoubtedly the addition of
alloys to cast iron -would be the future of improved
iron, but commercially the subject was not suffi-
ciently developed at the moment. Mr. Fletcher
and himself had done much work on the heat
treatment of iron, and it was possible to double its
strength without affecting its machining qualities,
whilst at the same time the Brinell was greatly
increased. W ith alloy irons the effects would he
even greater. That malleablising would take a
few hours instead of days would also be possible,
and if we had not fallen into the groove of
empirical procedure such changes would have come
about long ago. There was very much research
going on nowadays with regard to alloy irons, and
none was welcomed more than that by Prof.
Piwowarsky.



Discussing Mr. Fletcher’s Paper, he said that,
when speaking of bars only lj-in. diameter, or of
2-in. x 1l-in. section, Mr. Fletcher had stated that
the outer half of the bar area contained the best
portion of the iron, which, if turned off, left a
weaker and often micro-porous core. He had
pointed to a case where a test bar cast separately
had given a test 3 tons per sg. in. above that of
a bar cast on the flange of a cylinder. He (Mr.
Young) could point to cases met with in practice
where separately cast test bars had given, say, 1!
tons, whereas pieces cut out of the flanges (of
turbines or cylinders) had given only about 7 or
8 tons. Competent authorities seemed to dread
taking the bull by the horns, and he agreed that
a nasty, unpopular bull he was. Still, the fact
remained that test bars cast separately, when
they weighed a few pounds each, and when the
castings weighed many tons each, were about as
useless and misleading as anything possibly could
be. The fiction that because a test bar gave a
certain strength th© iron in the casting must be
good was not worth discussion. As a matter of
fact, the best metal for important castings would
rarely make good test bars, and would be unsuit-
able metal if it did. Moreover, we needed to
study our iron in the condition in which it,was
going to be used, and the grain size, the size of
the graphite and of the pearlite, and of the
phosphide, in a large casting were quite different
from those things in any test bar. Wear, heat
resistance, corrosive qualities, and so on were
affected by these sizes, and it was high time that
foundrymen faced the facts and, in the case cf
heavy and important castings, recognised that test
bars cast as such were no longer to be seriously
considered.

PROF. PIWOWARSKY’S REPLY.

Mr. T. H. Turner, who acted as liaison officer
between Prof. Piwowarsky and the speakers, and
interpreted the reply to the discussion, said that
Prof. Piwowarsky wanted to say first that he
regarded the Paper as of classical value and not
of immediate use. It was said that if the research
Tvorkers were continually trying to get the
strongest cast iron they would have to be stopped
by the producers, because the latter said that the

i2
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former were increasing their difficulties, but it
was the research worker’s job to try to point out
the way to do' it, even though they did not claim
that the producers could do it at once. Prof.
Piwowarsky agreed with Dr. Longmuir that we
could not compare crucible-melted with cupola-
melted cast irons, but pointed out that when, as
had happened in some cases, the cupola was con-
nected with an electric furnace, these results were
of direct benefit, and could be translated imme-
diately into works practice. Replying to Mr.
Shaw, he said that the occurrence of pipes was
due to the wrong pouring temperature. Also, in
later tests, the phosphorus content had been
altered, and by correcting those two factors he had
been able to overcome the trouble with regard to
pipes. Replying to Mr. Pearce’s question as to
elongation on large tensile bars, he said the
elongation there was nil, because the bars started
to fail from the centre. The sand-cast bars were
heat-treated.  The Professor had noted the error
with regard to total carbon in Table I. With the
exception of the top figure, it would be found that
the agreement was pretty* fair, the general rule
being that, through carbon being burned off, the
second figure to the right was somewhat lower. If
one added together the combined carbon and the
graphite one would find that they were generally
a little lower in the right-hand column than in
the left-hand column, because of the carbon being
burned away.

Longer Treatment Gives Higher Elongation.

In reply to Mr. Taylor, he said the elongation
was low, but that depended upon the length of
time of the annealing process. The annealing
period was a very short one. If it had been
altered from 15 minutes to, say, an hour, it was
possible to sacrifice some of the high tensile
strength and to get elongations up to 10 per cent.,
or still more, according to the tensile strength.
Replying to Mr. Robinson’s question as to
whether it would pay to add nickel and chromium
to a ladle of ordinary grey iron, he said that,
naturally, figures so high as were shown in the
Paper could not be so obtained, because the
figures in the Paper had been obtained by addi-
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tions and superheating. The fine graphite struc-
ture could be obtained by the superheating, but
the addition of nickel and chromium was an every-
day commercial proposition on the lines indicated
bv Mr. Robinson. It was important to point out
that the work described in the Paper was not vet
finished, and that tests were still going on. For
example, the repeated impact test on some of the
new metals had exceeded 250,000 blows, and was
still going strong.

Mr. F. J. Cook asked what was the weight of
blow.

Mr. Turner replied that the weight was 3 kg.,
on the standard Ivrupp testing machine.

Mr. Pearce said he gathered that the tests were
made with the smallest drop.

Mr. Turner replied that the drop was 30 mm.
With regard to bends, Prof. Piwowarsky had not
;:artried out a bending test, but only a transverse
est.

Mr. Faulkner said some misunderstanding had
probably arisen because the usual German word
for “ transverse,” was translated by the average
technical translator as “ bending.”' He did not
just remember the different ivords in German
for “ bending ” and “ transverse,” but in French
“ transverse ” was “ flexion” and *“ bending ”
“ pliage.”

MR. FLETCHER’S REPLY.

In replying to Mr. Shaw, Mr. Fietcher said
that the difficulty experienced by every investiga-
tor of the strength of cast iron was the interpre-
tation of the results in terms of any one variable.
The permutations and combinations possible due to
the five principal elements carbon, silicon, man-
ganese, sulphur and phosphorus, taking one-tenth
of a per cent, of any one element as producing a
difference in the physical strength, were of the
oider of many millions.

As almost every casting cooled at a different
rate to its fellow—if its shape or thickness were
different or if the casting temperature varied—
the combined carbon and graphitic carbon contents
were affected and a further addition to the pos-
sible number of variations brought about. Where
would the investigator be landed unless he nar-
rowed bis view to tbose influences which could bo
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shown to produce the greatest effect on the metal
strength? He, Mr. Fletcher, had therefore dealt
with similar castings, made under similar® condi-
tions, with a definite view to the comparison of
the strengths of bars of the same size as suggested
in the I1.B.F. tentative specification, viz., 1.2-in.
diameter, covering approximately the three grades
corresponding to ranges in tensile and transverse
strength.

It had been shown that, though there were
strength variations in irons of approximately the
same chemical analysis, the mean results of many
tests made on groups of castings indicated that
the tensile and transverse strength decreased
progressively, as the sum of the total carbon and
silicon contents increased, independently of the
variation in manganese, phosphorus and sulphur
contents — though these play a minor part.
Table IV indicated that although the phosphorus
varied between 0.33 and 0.95 per cent.; the sulphur
between 0.10 and 0.13; and the manganese
between 0.45 and 0.77 per cent., the sum of the
total carbon and silicon contents was distinctly
related to the tensile and transverse strength.

He had warned the readers against basing con-
clusions on odd tests, and did not admit that the
Paper was general in its nature. On closer study
it would be found that particular and not general
conclusions had been arrived at. He had pointed
to .the influence of the sum of T.C. and Si con-
tents, but had also shown that the Si proportion
ir. any T.C. plus Si value was important (see
Table 1V).

He (Mr. Fletcher) would further emphasise the
importance of the relationship between the tensile
and transverse strength values (Tv/T). The
transverse strength was compounded of the com-
pressive and tensile strengths. Hence the ratio
Tv/T had very considerable significance. He made
no apologies for the use of graphic methods in
showing the trend of the T.C. plus C and other
influences.

Could Mr. Shaw express the mass of results in
any other intelligible way? Only one formula had
been quoted—that of Ledebur—and he (Mr.
Fletcher) had shown that this was not empirical,
but was based on sound scientific research and
conclusions.



Mr. Shaw’s Table A bears out the author’s con-
clusions, the impact, deflection, and transverse
figures being in proportion to the T.C. plus Si
values. The cylinder and bush tests were obviously
influenced by different wall thicknesses and rate
of cooling. To have attempted the influence of
variable cooling rates would have made the Paper
unintelligible and overburdened with confusing
values, but would not have altered the fact that,
under similar cooling conditions and casting tem-
peratures, tests taken from the same position in
similar castings would show that the highest
strength values are inversely proportional to the
total carbon plus silicon contents of the metal.
This proportionality, as explained, is not a defi-
nitely arithmetic or geometric one, but is in-
fluenced by the remaining constituents.

The Paper has not, for obvious reasons, dealt
with cast irons cast in specially hot moulds, the
cooling of which castings affects the carbon and
silicon relationship seriously; but even in Perlit
castings, a high T.G. plus Si content is associated
with lower tensile strengths, whilst a low T.C.
plus Si content is generally coincident with high
strength valves. The author recognises that,
whilst the composition of a particular Perlit iron
is shown at line 3 in Fig. 2a, there is a much wider
range for such irons, though these are bounded
by the lines marked T.C. line and Si line when
extended. Mr. Gresty is correct in assuming that
point G is at the end of the total carbon line
and point F at the end of the silicon line. It
might interest Mr. Gresty to know that much lower
silicon .percentages than 1.2 have been found in
Perlit castings examined by the author (down to
0.5 per cent.). Fig. 2a was not prepared with a
view to illustrating special irons, but only as
graphically showing the basis of Ledebur’s
formulae.

If Mr. Gresty could give the Institute the results
of tensile and transverse tests on Perlit irons of
varying total carbon and silicon contents such in-
formation would be of great interest and value.
In this connection the effect of combined carbon
content would possibly be more important than in
the case of the tests described by the author.
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THE MANUFACTURE OF A LARGE STEEL
CASTING.

By F. A. Melmoth (Member) and T. W. Brown
(Associate Member).

The writers propose in the following Paper to
outline the complete history of the production of
a large steel casting, and have chosen as their
subject the case of a cast steel propeller shaft
bracket. They propose to deal with each of the
operations entailed in its production, both metal-
lurgically and from the moulding shop stand-
points, and to express their reasons for the choice
of any particular method where alternatives exist.

The production of any steel casting falls natur-
ally into the performance of the following opera-
tions, taken in their order of sequence :—(1) The
manufacture of the necessary steel; (2) the pre-
paration of the sand; (3) the making of the mould
and cores; (4) the actual casting of the job; (5)
the annealing; (6) the fettling, and (7) inspection
and testing.

It is not the intention of the writers to deal
with the making of the pattern, and it is assumed
for the purpose of the Paper that this is pro-
vided. Fig. 1 shows the pattern as received ready
for work in the foundry.

The Manufacture of the Steel.

The processes open to the steelmaker which are
capable of producing steel suitable for the job
under discussion are three in number:—(1)
Siemens open hearth; (2) converter; and (3}
electric. The main points appertaining to each
process are appended.

Siemens Open Hearth.

In this process the necessary pig-iron and scrap
steel to constitute a satisfactory composition in
the molten charge are melted together on either
an acid or basic hearth, this depending on both
the composition of the materials available and
also the nature of the desired product.

In the case of the acid hearth, the existence of
a necessarily acid slag permits no possibility of
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refinement where sulphur and phosphorus are con-
cerned, and, therefore, the raw material used
must be of the required degree of purity in these
two elements. The basic slag used on a fur-
nace equipped with a basic lining, however, aids
the possibility of the abstraction, during the pro-
cess, of a certain amount of these elements, and,
therefore, a greater degree of latitude can be
allowed in their existence in the original scrap
and pig-iron. In this country, acid lining is the
more popular, and has been developed to a much
greater extent, due probably to the ease with
which low sulphur and phosphorus pig-irons can
be obtained, and partly due to the generally
accepted idea of the superiority of the resulting
steel when made by the acid process. The writers
do not feel qualified to deal with any serious dis-
cussion on the question of this superiority, but
there seems little doubt hut that the acid pro-
cess is the more popular and probably the more
consistent in its product, whilst possessing in a
marked degree an elasticity which makes the pro-
duction of a wide range of compositions of steel
an every-day occurrence.

Procedure When Making a Steel Casting.

The scrap' and pig-iron are melted down as
quickly as possible, and also as hot as possible.
To the resulting molten bath, iron ore is added,
which through the agency of the slag oxidises
manganese and silicon with their consequent re-
moval to the slag. These elements being removed,
the iron ore acts directly upon the carbon pre-
sent, removing it in the form of carbon monoxide
gas, which, escaping in bubbles through the layer
of slag, causes the well-known phenomena known
as the “ boil.” This is continued by the addition
of the necessary amounts of ore or limestone, or
both, until such times as the carbon content is
reduced to the neighbourhood of the required
figures.

During the whole of the process, the direction
of the gas and air through the regenerating
chambers and the furnace is frequently reversed,
thus building up continually the initial tempera-
ture of the incoming gases, with a consequent in-
crease in the temperature produced by their com-



bustion. The slag being in the correct condition
the temperature sufficiently high, and the carbon
content near to the required figure, de-oxidising

ji j* ”erro silicon and ferro manganese, are
added to the bath in calculated amounts to re-
move active oxide, and leave in the steel the
amounts called for in the specification. The steel
is then tapped into the ladle and poured in the
usual way.

Fig. 2.—Mould Ready for Closing.

The writers recognise that this is an extremely
sketchy description of what is in itself a highly
skilled and complicated process, but the scope of
such a Paper as the one now submitted will not
allow of a detailed description of any steel-making
process.



Main Characteristics of Siemens Open Hearth Metal.

(1) It can be produced in large charges, and is,
therefore, ideally adapted for large, heavy cast-
ings; (2) it is under complete control both chemic-
ally and in temperature, and therefore specifica-
tion work can be rigidly adhered to; (3) the tem-
perature obtainable being on the low side as com-
pared with electric or converter processes, coupled
to the fact of the large charges usually made,
makes the process not so suitable for small work;
(4) produced under properly controlled slag con-
ditions, the steel is remarkably free from non-
metallic inclusions, and is of consistently high
quality; and (5) the process is capable of satis-
factorily producing quite a wide range of alloy
steels.

The Converter Process.

In this process a quantity of molten cast iron,
previously melted in a cupola, is subjected to the
oxidising action of a blast of air. The air can
be applied either from the bottom, thus passing
through the molten metal, or at the side. In
either case, the process of operations is identical.
The manganese and silicon, and finally the car-
bon, are oxidised by the air, with the production
of a great amount of heat. The blown metal is
therefore raised to such a high temperature that,
after the addition of the necessary de-oxidisers
at the termination of the blow, it is sufficiently
hot and fluid to cast the lightest of sections.

No refining is possible from the point of view
of sulphur and phosphorus content when the vessel
is acid lined, which is the usual practice in this
country. It must be remembered, therefore, when
selecting the irons used for this process that an
increase, particularly of sulphur, wall occur due to
the cupola melting prior to the blowing operation.

Advantages of the process are:— (1) The steel is
extremely hot and possesses in a high degree the
property of fluidity, so valuable to the maker of
light castings; and (2) the very rapid production
of the steel compared with any other process in-
evitably means some reduction in cost, and is of
great assistance particularly where repetition pro-
duction methods are in progress.

The disadvantages are:—(1) The steelmaker is
at the mercy of his scrap and pig-iron supply, as
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no refining is possible ; (2) the vital point at the
termination of the blow can only be determined
consistently after considerable practice, and the
regularity of the required compositions is, there-
fore, not so great as is the case in either open-
hearth or electric processes; and (3) the total
weight per charge is limited, and is usually in-
sufficient for heavy castings. This necessitates
blowing more than once when a heavy casting has
to be made with consequent risk of trouble and
failure.
The Electric Process.

From the point of view of reliability and con-
sistently high quality, the production of steel from
electrically operated furnaces has met with almost
universal approval. Although the latest comer
into the foundry field, its merits have won for it
a high place as a means of satisfying the somewhat
exacting steel requirements of the modern
foundry.

Furnaces are available either basic or acid
lined, and in the case of the former the composi-
tion of the scrap material used is, within wide
limits, almost negligible. By correct slag manipu-
lation, impurities can be removed almost to traces,
and the simplicity of the process makes it easily
possible to produce steels of almost any compo-
sition with great regularity. It is admitted that
the future of the furnace for such steels as are
the normal products of a foundry, depends greatly
on a cheap supply of electric power.

A Typical Charge.

It is assumed that the scrap or turnings avail-
able are of medium quality, and that a certain
amount of refining is necessary to bring sulphur
and phosphorus within the specification limits.

The scrap and turnings are charged on to the
hearth in the order named, the obtaining and
maintaining of a steady arc being more easily
effected on the turnings than would be the case
were an arc to be struck on bulky masses of scrap
steel. By bringing the electrodes into close proxi-
mity to the charge, an electric arc is formed
between the electrodes and the metallic charge.
This arc is maintained as continuously as possible,
by the careful regulation of the distance between
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electrodes and charge, until such time as pools of
liquid metal are formed under the electrodes.

From this point the control of the load becomes
an easier matter, and after the addition of the
required amount of lime to form a covering slag,
the power input is maintained at as high a figure
as possible until the charge is practically com-
pletely melted. Any small amounts of unmelted
metal adhering to the banks are then pushed into
the bath.

The scrap and turnings commonly possess a
sufficient covering of rust to make it tolerably
certain that when melted, almost the whole of the
carbon, silicon and manganese will have been oxi-
dised. The slag will be definitely oxidising at
this point, and in these conditions phosphorus is
removed by oxidation from the molten bath and
passes to the slag. The removal of this slag,
therefore, at this point, ensures that refinement
in this element is established. Melting by this
method, and with no>special additions to maintain
a high carbon on melting, the composition of the
metal at slagging will probably approximate the
following:—Carbon 0.06, Silicon 0.04, Manganese
0.08, Sulphur as charged, and Phosphorus 0.015
per cent.

It will be seen, therefore, that sulphur is the
only ordinary element remaining unaffected up to
this point. This is due to reducing conditions
being a necessity for the removal of sulphur,
whereas the former oxidising conditions only satis-
factorily accounted for the carbon, silicon, man-
ganese and phosphorus. The reduction of sulphur
being desired, it is necessary, therefore, for the
oxidised character of the metal to be now
removed. A new slag is formed by the addition
of lime and fluorspar, the latter lowering the slag
fusion point and quickly giving a fluid covering
of slag to the metal. The oxidised condition of the
bath is removed by small successive additions of
ferro-silicon, and at the same jtime the character
of the slag is rendered somewhat reducing by
small quantities of crushed anthracite or coke.
A continuance of this will produce a steel free
from wildness, and under the reducing slag sulphur
is removed from the steel, passing into the slag as
a sulphide. Carried to the point of what may be
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termed super-refining, the slag will, on cooling,
definitely fall to a greyish powder.

Tests are taken both for analytical purposes
and for temperature, the required additions of
ferro-silicon and ferro-manganese, etc., are added
to the furnace and the steel poured into the
ladle.

Where a high degree of freedom from sulphur
and phosphorus is not called for charges can be
made quite satisfactorily under one slag only, and
it is the opinion of many experienced steel makers
that made thus, electric steels possess an increased
degree of fluidity, making them much easier to
handle in the foundry. Economically, however,
very great advantages exist in single slag working
as total time per charge is lessened, heat losses
during the slagging period are avoided, and slag
materials are used in less quantity.

The liability to dangerous variations in the
quality of the raw material, more particularly
the turnings, makes it somewhat risky, however,
to adopt single slag working, unless the origin of
the scrap and turnings is definitely known and
controllable.

From the rather meagre outline of these pro-
cesses, perhaps sufficient can be gathered to appre-
ciate their applicability to such a job as the
casting which forms the subject of this Paper.
In the first place, a converter was not available
m the particular shop in which the casting was
made. As about 12 ton's of steel was needed to
cast the job satisfactorily, the writers would, in
any case, have hesitated to wuse the process.
Quite apart from the difficulties associated with
blowing twice for the one job, the specified tests
were of such a high order that nothing but steel
of the very highest quality oould be contemplated.

It therefore resolved itself into a decision
between open hearth and electric steel, both of
which were available in ample quantities to cast
the job. From the point of view of general suita-
bility, the writers are of the opinion that either
would give satisfaction, always with the proviso
that pig-iron and scrap of known high quality
were used in the open-hearth furnace. Economi-
cally, the balance is definitely in favour of the
open-hearth process by which steel can be
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produced at present at a lower figure than by
electric methods.

Circumstances at the time of casting, however,
made it necessary to use electric steel for this
casting, and in considering test results, etc., it
should be remembered that they represent those
obtainable from such a casting made from basic
electric steel.

Composition of Steel.

Having decided on process, the question of com-
position requirements now only remains to be

Fig. 5.—Steel Casting as Oast x 50.

dealt with. In considering this, the physical
requirements demanded by the inspecting authori-
ties are naturally the controlling factor. For
this class of work the test requirements are nor-
mally as follows:(—Maximum stress 28-35 tons
per sqg. in., yield point 14-18 tons per sq. in.,
elongation 20 per cent, minimum, and bend (cold)
90 deg. on 1 in. square.

The influence of the various elements on the
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?he/sical test results of the annealed casting; is as
ollows:—e

Carbon.—Increases maximum stress with increas-
ing quantity, and coincidently reduces ductility,
and therefore elongation and cold bend results. \

Silicon.—No appreciable efFect in the normal
quantities found m commercial mild steel for
castings. Is present almost entirely as a deoxi-
diser to ensure soundness.

Manganese.—Tends to increase maximum

Fig. 6.—Steel Casting as Cast X 200.

strength and yield point, without seriously 'affect-
ing the ductility if present in the usual amounts.
Over 1.2 per cent, tends to reduce elongation to
some extent. Is also an effective deoxidiser, and
assists soundness very considerably.
Sulphur—An accidental impurity, and detri-
mental in many ways if in excess—0.05 to 0.06 per
cent, being looked upon as upper safe limits. In
excessive amounts induces red shortness, and may
be the cause of cracks and tears by causing inter-
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crystalline weakness. The amount of manganese
present acts as a partial corrective, by forming
manganese sulphide, and thus “preventing the
formation of the extremely detrimental sulphide
of iron. From all standpoints best kept within
low limits. Maximum stress, yield point, elonga-
tion and bend are all badly affected by excess.
Phosphorus—This element is regarded with
great suspicion by steel founders, owing to its ten-
dency to produce cold shortness when in excessive

Fig. 7.—Steel Casting Annealed x 50.

quantities. Maximum stress and elongation may
be but little affected after annealing, but impact
tests may be badly affected. The safe upper limit
is regarded to be 0.05 per cent, to 0.06 per cent.
Bearing in mind the previously mentioned test
requirements, and the effects of composition in
the wvarious elements above described, it was
decided to make the steel to the following:—
Carbon, 0.25 to 0.30; silicon, 0.15 to 0.25; man-



gafiese, 0.6 to 0.7 per cent.; sulphur, low; phos-
phorus, low.

This was produced in an electric furnace of the
necessary capacity, and the resulting material
analysed as below:—Carbon, 0.26; silicon, 0.18;
manganese, 0.56; sulphur, 0.017; and phosphorus,
0.022 per cent.

Sand Preparation.

The main requirements of a moulding sand for
such a casting as the one being considered are:—

Fig. 8.—Steel Casting Annealed x 200.

(1) It must be sufficiently bonded to make a good,
firm mould, able to resist the erosive action of
the large quantity of steel which necessarily flows
over it; (2) it must be sufficiently open, although
strong in bond, to permit of the easy egress of
gases produced during casting; and (3) it must he
of such a composition that it can hear without
serious fusion the high temperature of the steel
with wdiich it is in contact, bearing in mind the
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length of time such oontact takes place and the
weight of liquid steel superimposed upon it.

The normal moulding sand, with a silica base,
and bonded by any of the usual materials, does
not, in the writers’ experience, fill the whole of
these requirements satisfactorily. The usual
material for suoh heavy castings is some form of
moulding composition. These moulding composi-
tions can be obtained from many of the suppliers
of foundry materials, ready mixed for use. In
many cases, however, they are made up by the
foundries themselves, from mixtures which are the
result of many years’ investigation and trial.
Such mixtures are often very jealously guarded,
and it must be accepted that such an attitude is
quite comprehensible when the importance of the
effect of composition regularity and the correct
balancing of its various constituents to meet the
above outlined requirements are recognised.

In the manufacture of large castings, the risk
of failure involves such a heavy loss that too much
care can hardly be taken to ensure a satisfactory
moulding composition. Careful selection and
examination of each and every one of its com-
ponent materials is highly necessary. The acci-
dental introduction of some material of easy
fusibility, for instance, can be attended by such
dire results as to make the aiter fettling of the
casting a commercial impossibility.

The base materials of composition are more or
less identical, the variations usually being in the
nature of varying quantities. Burnt bricks of
good quality—firebrick and silica, probably a pro-
portion of wused crucible pots—the requisite
amounts of good sand, the whole being carefully
milled and mixed, and then bonded with the
highest quality fireclay, represent the usual
schedule of materials from which steel moulding
compositions are made up. The presence of a
percentage of crushed coke to assist porosity is
also common practice.

The Making of the Mould.

Many points require careful consideration before
the moulding itself is commenced. It is assumed
that all the necessary details on the character of
the pattern have been satisfactorily settled, and
that it is supplied ready to go into the sand.
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The greater part of the mould for the job under
discussion being in the floor, it is necessary to
decide on the most suitable position in ' the
foundry. The character of the floor, ease in
handling and casting facilities, must all come up
for the required degree of consideration. In some
foundries pits are actually available permanently
in the floor, and for some'cases this offers decided
advantages.

AVliere this is not the case, a hole of the required
size is taken out. and the pattern, supported on

Fig. 9.—weld M f.tal x 200.

loose brick pillars, is placed into it in the actual
position of casting. The pattern is then removed
and old sand is rammed into a bed approximately
to the shape of the brick supports previously
mentioned, but about six inches lower all over.
On this sand bed old firebricks are then placed,
covered with a layer of well burr*t ashes. This
ensures a free passage for the gases formed during
casting, through the bottom part of the mould.
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The ashes are covered by a layer of old sand; the
pattern is then replaced allowing about 1] in.
clearance, which is rammed up with the prepared
facing composition, previously referred to.

On a job of this character thorough drying
is an essential, and during the moulding opera-
tions the getting of heat to all parts of the
mould must be considered and allowed for. It
was, therefore, so arranged as to allow of some
parts of the mould being easily lifted out. This
served a double purpose, as this particular mould
was dried by the building of a fire actually in the
mould itself, and not by one of the patent dryers
now often used. The lifted-out parts arranged
for, therefore, not only permitted of a suitable
fire being used, but also opened out the mould so
completely as to facilitate its removal and the
thorough cleaning of the mould. The lifted away
parts were, of course, taken away and suitably
stove dried.

A decision being arrived at on this point, the
sides and ends of the mould can be proceeded with.
Facing composition to a thickness of one and a
half inches, backed up by used sand, supported in
turn by old firebricks, is rammed up in successive
layers. The old bricks are carefully spaced, the
spaces being filled with ashes, and suitable vents
are led to these, as required. This progresses
until the pattern is rammed up to the top, the
drawbacks being suitably jointed and built up in
the same manner. The joint for the top part is
then made and the top rammed up in the usual
fashion.

As with all castings, one of the most important
points in this one is the position and manner of
running. A reference to the photograph of this
pattern will show that each end is much deeper
than the centre portion. Casting from both ends
simultaneously, therefore, will mean that the ends
will  fill first, during which time the steel is
rapidly cooling. By the time these two portions
are filled -and meet one another, the probability
is that the advancing edges of the molten steel
are so cold as to introduce the possibility of an
imperfect union. A weak plane will result, and
such a casting being under severe contraction
stresses, fracture is not at all improbable.



Ifc was decided, therefore, to cast from one end
only. Previous experience had demonstrated that
the most satisfactory results were obtained when
running was from the boss or larger end. This
is in favour of satisfactory casting and feeding.

It will be noticed that the variation in section
in this casting is in the form of a progressive
reduction from the boss end. To ensure efficient
feeding, therefore, one should aim at conditions
which produce as nearly as possible a progressive
reduction in temperature during solidification from
boss end to the end of the palms. By running
into the boss such a state of affairs is established ;
the last and hottest metal, when the casting is
full, going into the large riser on the boss. A
feeder head of sufficient size satisfactorily to feed
this large boss is attached, and the efficient feed-
ing of the boss being ensured the liquid pressure
from the heavy end will be found sufficient to
make it certain that satisfactory feeding of the
rest of the casting takes place during solidifica-
tion. It is, of course, essential that the riser is the
last place to solidify, and it will be seen that in
this case this state of affairs is almost ideally pre-
sent. A reference to the photograph of the un-
fettled casting (Fig. 3) wdll still further empha-
sise this. In the casting shown, the head is
approximately 36 ins. above the main level of the
casting to ensure a satisfactory pressure and con-
sequent feeding during solidification.

All these points being attended to in the manner
stated and the mould and drawbacks being
thoroughly dried, the latter are replaced in their
respective position, cores inserted and the mould
closed in the usual manner (Fig. 2).

In the light of previous experience, any tendency
of the top part to lift during casting is counter-
acted by weighting it down to the necessary ex-
tent, and the mould is ready for casting.

After the pouring operation, it is customary in
some foundries to attempt to assist contraction by
liberating at as many points as possible. The
writers are of the opinion that much of this only
amounts to wasted effort.

Careful examination of a succession of what are
known as contraction “ pulls ” convinces them
that the defect takes place almost at the moment
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of solidification. Further contraction in the
solid form may undoubtedly enlarge or extend
such a defect, but it appears rare that a “ pull ”
should take place at a later stage in the cooling
Deriod. A crack due to unequal cooling is a pos-
sibility, but this is usually due to a desire to
hasten matters by stripping the casting too soon.
These cracks or “ clinks ” as they are called, are
more likely to occur in the harder types of car-
bon steels or in alloy steels than in the soft
material used for the casting being discussed in
this Paper.

Assuming that the writers’ opinions are correct,
that contraction “pulls” are a defect definitely
originating at the moment of solidification, then
it logically follows that the correct thing to do is
to take such steps during the moulding and core
making as will reduce the resistance of the cores
and mould to a minimum, and not to rely on the
after liberation of the solidified casting for this
purpose. Judicious liberation to prevent possible
distortion is quite another matter, and a lot can
be done in this direction to assist the keeping of
the casting in shape.

Annealing.

A sufficient length of time having elapsed to
ensure the cooling of the casting to a point at
which no danger of fracture exists, it is with-
drawn from the mould and moved forward to the
annealing operation. Before this operation, it is
roughly trimmed and the greater part of the
adhering masses of sand removed. Figs. 3 and 4
show the casting in this condition.

The annealing process is designed to perform
two very important functions:— (1) By the com-
plete recrystallisation of the steel from a point
just above its upper change point, to remove the
coarsely crystalline, and therefore weak, struc-
ture caused by its cooling from liquid tempera-
tures in the mould; and (2) to remove as far as
possible the various strains set up during cooling
in the mould, both from the resistance of the
mould and from the effects of unequal cooling due
to varying section.

The performance of function (1) can be ensured
by heating the casting to a temperature of 850



to 900 deg. C., and maintaining it at that tem-
perature for a time sufficient to allow of equili-
brium of temperature in all parts of the easting.

At this temperature the crystalline ferrite of
the coarse “ as cast ” type, shown in micro-photo-
graph Fig. 5, enters into mutual solid solution
with the eutectic pearlite and on cooling is re-
crystallised, but with a degree of fineness some-
what proportionate to the temperature to which
it has been heated.

Function (2) is one associated with cooling and
to remove strains in such a casting it is neces-
sary that it should be cooled both slowly and
evenly. Any departure from this mav leave the
casting almost as badly stressed as before anneal-
ing, strains being set up due to unequal speeds of
cooling on parts varying in section.

Severe drop tests, to which such castings are
subjected, may show up this disastrously. Care-
ful support and packing in the furnace is found
to be very necessary for such a job, and in every
way steps are taken to ensure that distortion or
sagging is prevented. Should such distortion
appear in the casting as it comes from the mould,
a great deal can be done by careful manipulation
at this point to bring it back into the required
shape again.

The influence of correct heat treatment on the
physical properties of the material is very marked,
and a reference to the table of tests will show
that a great improvement is apparent. A com-
parison of the test figures with the micro-photo-
graphs Figs. 5 and 7 will make the reason
for this improvement at once obvious. It will be
seen that as the correct performance of function
(1), i.e., the re-crystallisation of the steel involves
perfect solution of its ferrite and pearlite con-
stituents, a time factor becomes operative.  This
is controlled principally by the size of the casting
and the thickness of its section.

Violent heating up in the early stages of the
annealing process may cause either distortion or
fracture, or perhaps both, by the production of
sharp variations of temperature between thick and
thin sections. It is important, therefore, that
the temperature is so controlled that all parts of
the casting are heated as evenly as is practically
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possible. The temperature required being reached,
it is then necessary to maintain it for such a
period as will ensure the complete solution of the
coarse “ as cast” crystalline arrangement.

As previously stated, thickness of section s
largely the controlling factor, and in such a cast-
ing as the one being considered, the soaking
period is approximately 12 to 15 hours.

The influence of cooling speed is considerable,
but in the case of a large casting, particularly
with varying section thicknesses, it is not possible
seriously to affect the metallurgical properties by
quick cooling, owing to risk of fracture. In the
case of smaller or plain castings very marked
improvements are noticeable by subjecting the
castings after reaching annealing temperatures to
a quick cooling, either in air or some suitable
liguid medium' with subsequent reheating to a
lower temperature to remove any induced stresses.

In the case of the part forming the subject of
this paper, however, efforts must be made to en-
sure, as far as possible, the equal cooling speed of
its varying sections, and this can only be done by
slow cooling. It is consequently cooled right down
at a slow rate in the furnace, and is not exposed
to the air until the temperature is so low that all
danger of uneven cooling and risk of fracture is
well past.

Fully to appreciate the effect and significance
of the annealing operation it is necessary to study
the physical properties before and after anneal-
ing together with the micro-photographs. The
micro-photograph shown in Fig. 5 is at 50 dias.,
and shows the structure as cast. Fig. 6 is the
same, but at 200 dias. Micro-photograph Fig. 7
is of the annealed casting at 50 dias., whilst
Fig. 8 is the same at 200 dias.

The tensile test results before annealing were :
Maximum stress, 29.8 tons per sq. in.; yield point,
15.0 tons per sq. in. ; elongation, 14.0 per cent, on
3 in.; and reduction of area, 18.58 per cent.
After annealing this became: Maximum stress,
31.2 tons per sg. in.; yield point, 16.6 tons per
sq. in.; elongation, 26.5 per cent, on 3 in.; and
reduction of area, 31.58 per cent.

The cold I»ends were respectively 87 and 180
deg. unbroken, before and after annealing.
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As a matter of interest, and still further to
demonstrate the benefits of the annealing process,
impact test pieces were cut from both unannealed
and annealed test pieces and broken by the lzod
method. The results obtained were: Unannealed
—18 ft. Ibs. (average of two bars); annealed—
32 ft. Ibs. (average of three bars).

It will be seen, therefore, that the summarised
effect of annealing on this casting is: (1) It has
increased the yield point by approximately 1| tons
per sq. in.; (2) it has raised appreciably the ten-
sile strength of the material; (3) the ductility of
the steel, as shown both by elongation and bend
test results, has been practically doubled; and
(4) the resistance to shock impact of the material,
an extremely important feature,, has been
increased by about 78 per cent.

An examination of the fractures of the broken
tests showed, as would be expected, that the
as-cast samples were coarsely crystalline, whilst
the annealed ones were fine and silky.

A comparison of micro-photographs Figs. 5 and
7 demonstrates that the coarse, strongly latticed
and angular arrangement of structure associated
with mild steels in their cast condition, has been
replaced by a more even and finely-graded struc-
ture almost free from pronounced angularity.

Welding.

It sometimes happens that it becomes necessary
on such large castings to obtain permission for
the welding up of surface defects. The influence
of this welding operation, and its value as a
means of repairing or improving the external
appearance of a casting, has been often discussed,
and very often unfavourably. The progress of
the art of welding, and the tremendous increase
in its possibilities of application, due to this
advance, have altered the situation, jin the
writer’s opinion, to a great extent. It is now
possible with modern plant to undertake very
ambitious structural welding problems, and whilst
welding, from a foundry point of view, is never
likely to call for such big jobs, the progress
along engineering lines does undoubtedly reflect
itself on welding operations upon castings. The
vast majority of welding cases occurring in a
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steel foundry are purely matters which affect the
appearance of a casting, and there appears no
logical reason why such defects should not. by
careful workmanship, be made perfectly good in
this manner.

With a Tiew to obtaining some actual data
under workshop conditions, the writers have, on
occasions, carried out observed tests on welding
of cast steel. Bars have been taken representing
normal foundry product, and after cutting into
two, have been then welded together electrically,
the resulting bar being machined and pulled for
tensile strength.

They are satisfied that even under shop con-
ditions a well-made weld possesses almost the
strength of the original casting, together with a
good degree of ductility. Two typical tests are
as follows: (1) Maximum stress, 30.0 tons per
sq. in. and elongation. 11 per cent, on 2 in.:
(21 maximum stress, 29.5 tons per sq. in., and 13.2
per cent, elongation on 2 in.

W hilst admitting that very perfect welds are
made bv the oxyacetylene process, the writers are
of the opinion that for steel foundry purposes
electric welding possesses marked advantages.
The welds are sound and very quickly produced,
whilst the effect on the casting is more local and
less likelv to produce distortion.

For detailed information of a highly interest-
ing character referring specifically to welding as
applied to castings, the writers would refer the
reader to a Paper given by Engineer-Commander
Jackson before the Sheffield Branch of the I.B.F.
on January 24, 1919. In this Paper a number of
practical cases are quoted which prove both the
value and efficiency of the process even eight or
nine years ago. Since that time improvements
have continually taken place, both in apparatus
and the manufacture of welding rods, and it is
safe to say that to-day welding is a most reliable
and useful method of repairing steel casting
defects, when such defects are of a type justifying
repair.

The essential point which should be stressed is
that of careful preparation. Absolute cleanliness
is vital to the success of the weld, and any
attempt to weld an unsound or dirty surface
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merely results iin a deposit of a porous and weak
character.

Fig. 9 shows the actual microstructure of the
weld metal in one of the test cases previously
referred to, and is“taken at 200 magnifications.

Inspection and Testing.

Such castings as the one forming the subject
of this Paper are almost invariably under the
inspection of one or more of the important test-
ing authorities, and the final examination is of
a very severe order. They must in all cases be
free from external or internal defects likely to
weaken the castings in any way, and the material
specification must be rigidly adhered to.

The normal physical requirements are as
follows : Maximum stress 28 to 35 tons per sa. in.;
elongation, 20 per cent, minimum on 2 or 3 in.;
and cold bend, 90 deg. minimum on 1 in. sq. bar
over 1J in. rad.

In addition, a final drop test is applied in
which the casting is dropped bodily from the
specified height on to a sound floor. Such a test,
by applying suddenly severe shock and vibratory
stresses, is most likely to show up any hidden
points of weakness which may have escaped pre-
vious notice.

Having withstood satisfactorily the various
material tests and been pronounced free from dis-
tortion and visible defects, our casting is then
ready for the machine shop. Fig. 10 shows the
casting in this condition, and Figs. 11 and 12
illustrate its final appearance, machined and ready
for despatch.

The writers, in concluding, desire to record
their thanks to the directors of Messrs. Thos.
Firth & Sons, Limited, for permission to submit
material constituting the Paper, and also to the
director of the Brown-Firth Research Laboratories
for valuable assistance with the micro-photo-
graphs.

DISCUSSION.

Alternative Moulding Method Described.

Dr. P. Longmuir (Sheffield), who referred to
the Paper as being of a type which was of very



special interest to a Sheffield audience, heartily
congratulated the authors on their very clear pre-
sentment of the making of a fairly heavy and
intricate casting. The metallurgical part of the
Paper was so good that one could have wished
there had been more of it. As it stood, the
description of the Siemens acid and the electric
furnace were very effective, and, like the
authors, he wished they had carried further their
account of the differences which existed in the
electric steel process when worked with one slag
or when worked with two slags. The question of
annealing was very effectively treated, and the
microphotographs illustrated the point very well.
Whilst he had nothing but praise for the Paper,
he felt that the method of moulding was perhaps
somewhat open to criticism, or, at any rate, that
moulding practice on castings of this type was
very much in advance of that given in the Paper.
At one time it had been his good fortune to be
interested in the production of similar castings,
which at that time were made in phosphor bronze,
and of weights equal to or exceeding the 8 tons
10 cwts. finished weight mentioned by the authors.
He knew the inherent difficulties of steel castings
as compared with phosphor bronze. Of course,
there was the very much higher temperature, but,
on the other hand, from the foundry point of
view, phosphor bronze was far more searching
into the pores of the mould than was steel, so
that actually the moulding difficulties in the case
of phosphor bronze were greater than in the case
of steel. The mould was made in the floor, and
the practice then—25 years ago—working from a
solid pattern was somewhat similar to that
described in the Paper, with the exception that
the sides and ends of the mould were made as
draw-backs, and were lifted away and stoved. By
that means they were able to eliminate, or largely
minimise, the very objectionable open fires in the
foundry, and also considerably to cheapen the job
and lessen the risks through excessive burning.
The practice was, before bedding in, to have a
plate, if possible one plate with suitable snugs on
tile outside, well off the sides of the job, or, if not,
two or more plates were used bedded on girders.
Moulding was followed as usual, the draw-backs
k 2
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lifted away and carried to the stove, the
job was re-assembled, and—this was where
they were in advance of the method de-
scribed in the Paper—they never wused a
weight. No matter how interesting calculations
of hydrostatic pressure were, a job of this kind
should not be trusted to weights. After closing
the mould, from the snugs in the bottom plates,
wringers were carried up to binding bars across
the top parts, and the whole bolted down. If the
middle of the top part stood any chance of strain,
that was wedged by a method very common at
that time in foundries on the Clyde. Loose plates
were put on the inside of the holding-down bolts
and the space between rammed up as in a pit.
Not even phosphor bronze, with its penetrating
action, could possibly find an outlet, and the job
was done far more safely than by merely weight-
ing down.

Welding Steel Castings.

W ith regard to the preparation of sand, he fully
appreciated the authors’ reticence in the matter,
and respected it, but he welcomed their frank
attitude in regard to welding. The man who
could produce a perfect, flawless casting every
time was unknown to him at any rate. Some-
thing in the nature of welding was sometimes,
though not often, essential, and when it was
essential why hide the fact? It was no detriment
at all to the casting, and the tensile tests given
in the Paper constituted valuable support in this
respect. Discussing inspection, he said they all
had that to meet, and the kindest thing they
could say about it was that it was just a very
necessary evil.

Mr. E. Longden, referring to the fins in Big. 3,
said he supposed their purpose was to strengthen
the casting and prevent cracking, but he asked
if it were not the common practice nowadays to
omit fins and use chills. The fin, of course, had
a slight chilling effect locally. With regard to
the method of moulding, it was to a large extent
a matter of expediency; and also whether or not
the floor was prepared for that method at the
moment. It made a difference to the cost of
moulding if one had to sink a pit and lay down
girders, binders and plates, and so on. In an



iron foundry one must make the casting where it
was not always the best because the pits may be
in use for other work. The determination of the
hydrostatic pressure was not easy. That was why
it was better to fasten down with hinders if pos-
sible. Not only had one to consider static pres-
sure, mbut pressure from the gases which were
forming, and which acted curiously.

Size of Feeder Heads Criticised.

Mr. D. C. Lioyd said it appeared, from the
photographs of the casting, that the heads were
rather small, especially for steel, which he
imagined was run fairly hot. He asked, there-
fore, whether the authors could get definite sound-
ness underneath the heads, in view of the fact
that they were rather small heads and that there
were rather few of them for a casting of this
size.

A Successful Welding Job.

Engineer-Commander Jackson, discussing weld-
ing, said that, if it were properly carried out by
a competent man, he would have no hesitation
whatever in accepting a casting which had been
electrically welded. No doubt Mr. Brown would
remember one very big job which was done at
Messrs. Thos. Firth and Sons at the time he
(Engineer-Commander Jackson) was serving in
the Royal Navy. This particular casting was for
H.M.S. Hood, and had a defect on a part of the
steel casting subject to steam pressure, and
although electric welding is not permitted on such
surfaces, in this particular case permission to
electrically weld this casting was given by the
Admiralty. It was subjected to very severe and
searching tests in the presence of the Deputy
Engineer in Chief of the Navy, and as a result
was accepted and put into service, and so far as
he knew was still satisfactory.

Mr. W. H. Poole suggested that the feeding
effect of some of the risers on the casting described
might he improved, and asked if the authors really
thought that the feeders used were of the right
size and shape. He considered that the diameter
of the necks in at least two of the three, was
very small, and if it were much bigger one would
get a better feeding effect with less height of
metal.
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Charging Electric Furnaces.

A member asked whether the scrap charged
into the electric furnace was heavy or light
scrap. The authors had said that they put
the scrap in first and the turnings on top, in
order to get better working, but he asked whether
they did not find that the molten steeel dropping
from the turnings tended to solidify on the bottom
of the furnace, so that when the furnace was
east some of the steel was left behind on the bar.

Use of Brackets.

Mr. H. L. Turner, dealing with the use of
brackets, said his experience had been that they
were very useful in certain places, but in others
they developed troubles of their own. He had
found frequently that if one attached brackets
running down the body of a casting, the contrac-
tion of the brackets—for they cooled very rapidly
—set up tiny cracks at the ends of the brackets,
and if the ends occurred in one straight line
instead of being staggered there was produced a
line of weakness right across the casting, which
frequently, at the point of solidification referred
to by the authors, developed into a hot pull right
across the casting. He had also found that in
certain instances where the bracket crossed the
rib of metal one was trying to protect, it would
set up a crack along the line of the bracket itself.

Mr. J. H. Cooper, referring to bracketing, said
there were many different systems, but he had
found that the chief difficulty arose when the
brackets were made too large for the job. A
bracket should be as thin as possible, so that
when it was in a solid condition it was not suffi-
ciently strong to tear the casting, and so as to
allow the casting, although semi-plastig, to draw
the bracket slightly—which could happen. Refer-
ring to welding, he asked whether the authors had
found that in arc welding there was an increasing
carbon content locally. Also, he asked what elec-
trodes they would use with the quasi-arc or other
systems. W hilst he considered that the Paper was
very convincing, and demonstrated that The
authors had a great deal of knowledge of the sub-
ject, he did agree with Dr. Longmuir that some of
the methods adopted could have been slightly
improved.



AUTHORS’ REPLY.

Mr. Metmoth asked that Mr. Brown might be
excused from replying, inasmuch as he had been
very ill for a month or so, but, with his usual
pluck, had insisted upon attending the meeting
for the presentation of the Paper.

Iron Oxide in Steel Thought to Increase Fluidity.

Replying to the various points raised, Mr.
Melmoth, on behalf of Mr. Brown and himself,
thanked Dr. Longmuir for his remarks. He him-
self was patricularly interested in obtaining more
details of moulding processes. With regard to
the difference between steels produced under single
and double slags, for a good many years he had
been producing steel from the electric furnaces
almost entirely, and that steel had to be of a type
which could be used to run castings very dif-
ferent from that described in the Paper." The
weights of the castings varied from probably J Ib.
up to 15 cwts.,, and occasionally perhaps even
more, and, naturally, the main thing, apart from
soundness, was fluidity—the ability to run thin
sections. He knew that he had been accused of
labouring the question of fluidity, hut in the
present Paper there whs no need to mention it,
as with a casting of the type dealt with one did
not require a very fluid steel in order to run it
satisfactorily, from the standpoint of getting it
all there. In the case of the other castings he
had just mentioned, however, the proposition was
a very different one. They had had to take a
couple of tons of steel and *“ hand-shank ” it
round the foundry and cast these very small cast-
ings. After experiment and observations they
had come to the conclusion that a steel made in
the electric furnace under a single slag which
contained fair amounts of iron oxide was defi-
nitely, so far as they could say from a works’
standpoint, a more fluid steel than one under
the more strongly reducing slags which were
normal in the electric furnace process. Prom that
they had evolved their present methods, and they
were used almost consistently, always assuming
that the scrap supplied was sufficiently good to
justify it. He had been afraid that had that
point been brought into the Paper it would have
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sounded almost like a repetition of a Paper which
he had submitted to the Lancashire Branch some
time ago, hut it was certainly a point of very
great interest that there appeared to be such a
difference in the running properties of the
material as produced by different processes in the
same furnace. The explanation of it was not
easy; in fact, lie did not think it was known actu-
ally. It was put down, of course, to possibili-
ties of dissolved oxide, and so on, but one was
hardly able to say whether that was the exact
explanation.
Moulding Methods.

W ith regard to moulding methods generally, he
said it was obvious to everyone that the method
adopted in any particular case was that which
was most suited to the shop in which the job was
being made. At the same time, he did not under-
estimate the value of the detailed description that
Dr. Longfnuir had given as an alternative to the
method the authors had adopted, and Dr. Long-
muir’s description would be very helpful to them.

Use of Chills—A Warning.

Discussing Mr. Longden’s reference to the use
of fins, and the use of chills as alternatives, Mr.
Melmoth referred again to the smaller castings
he had handled some time ago, and said that the
use of chills had been carried a very long way
in connection with the production of fairly small
castings, but one had to be very careful. There
was no doubt that it was possible to produce, by
the use of a chill, a state of affairs very much
worse than would have been produced if nothing
had been put on at all. A sudden cooling of one
particular part, if a chill were a little over-effec-
tive, was almost bound to produce pulls in mild
steels, and it was a very common experience to
produce chill cracks in cases where chills were
not very carefully thought out and designed. In
the case of a fin or bracket the thickness must
be such as would counteract satisfactorily the
contraction stresses of the material and hold the
casting together through its critical period.

Dealing with Mr. Lloyd’s suggestion that the
heads on the casting appeared to be rather small,
he said that where steel castings were concerned
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the proof of the pudding was in the eating, or,
in other words, in the fettling shop, and he
assured Mr. Lloyd that he had not seen a cavity
underneath a feeding head in any of these cast-
ings. If the heads had not been large enough, it
was quite obvious, there would have been cavities
there. Admittedly the question of the shape of
head was a vital one, and one might criticise
theoretically the shape of the heads, but the fact
remained that the yield of casting was very satis-
factory 011 this particular job, taking weight for
weight and having in view the heavy machining
allowances on it, and yet it was perfectly sound
underneath the heads. ,

Melting Practice.

Replying to a member, he said the scrap used
was the normal scrap such as was found in the
works of the type of Messrs. Thomas Firth &
Sons—crop ends and so on, and turnings. He
had not found that in a continuously worked fur-
nace the turnings on the top melted first, trickled
down through the scrap, and formed solid on the
bottom, so that their removal gave trouble. The
furnace used was a Heroult furnace, and if any
furnace was going to suffer from that trouble he
was inclined to think it would be the Heroult,
because none of the much-vaunted claims as to
bottom heating effects were made in respect of it.

Brackets Need Study.

The point raised by Mr. Turner, as to the use
of brackets, was one which Mr. Brown and him-
self had found of very great interest. Questions
of the shape of the brackets, their thickness,
where they ended, bringing them parallel in their
effective ends and producing other pulls, were
undoubtedly extremely important, and he agreed
that if a rib or succession of ribs were put on
in such a fashion as to pass on the contraction
stresses to another definite line, it was quite prob-
able that at that definite line a crack would
appear. He gathered that Mr. Turner, when he
had mentioned a bracket running down a body,
had in mind a valve-like casting, having a rib
running down the body and a large core inside.
The authors’ view as to that was that the rib,
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if too thick, caused a hot place, which, being
delayed in its cooling by the presence of the rib,
left the steel weak at one point and localised the
contraction stresses at that spot. Consequently,
the casting was liable to break down its whole
length alongside the rib. He had seen cases in
which there was such a rib, and in which it had
been necessary to provide also smaller ribs in
order to prevent the original rib cracking.

He agreed with Mr. Cooper that the brackets
must be of the minimum thickness which would
enable them satisfactorily to do the work they
were intended to do. With regard to welding,
he said he was not prepared to say, from memory,
what was the thickness of the rods, but they
were the ordinary quasi-arc rods, flux covered.
Any rod of a similar type, flux covered, seemed
to give similar results. The authors were of
opinion that a flux-covered rod was necessary for
fine welding.



THE INFLUENCE OF MANGANESE AND MANGA-
NESE SULPHIDE ON WHITEHEART MALLEABLE.

By E. R. Taylor, A.R.S.M., D.I.C., F.I.C. (Associate
Member).

Much has been written from time to time on the
question of manganese, sulphur and manganese
sulphide in cast iron and steel, but there is not a
great deal of published information on the effect
of these constituents on whiteheart malleable.

It is generally agreed that the injurious effect
of sulphur in ferrous alloys may be neutralised
very considerably by the presence of manganese.
When manganese and sulphur combine to form
manganese sulphide, 32 parts of sulphur combine
with 55 parts of manganese to form 87 parts of
manganese sulphide, so that one part of sulphur
requires ff or 1.72 parts of manganese. It is
well known, however, that the formation by man-
ganese and sulphur of manganese sulphide is
rarely, if ever, completed when iron and carbon
are present, since other combinations may and in
fact do take place. Assuming for the moment
that in a particular case manganese and sulphur
are present in an iron in the atomic proportions
mentioned above, i.e., 172 parts of manganese
for every 100 parts of sulphur, not all the 272
parts of manganese sulphide would be formed, as
some of the sulphur would combine with the iron
to form ferrous-sulphide; alternatively some of
the manganese may combine with carbon to form
manganese carbide. According to the law of mass
action, the tendency of a given amount of sul-
phur in the presence of manganese to form nothing
but manganese sulphide will be assisted if the
concentration of manganese (that is the amount
of manganese present) is increased. If, therefore,
it is desired to secure the greatest possible amount
of sulphur as manganese sulphide, or as a com-
pound sulphide containing the greatest possible
amount of manganese, the amount of manganese
must be increased much beyond that demanded by
the theoretical ratio. In other words, an excess
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of manganese is required, and the greater this
excess the larger will he the proportion of sul-
phur combined with manganese.

In ordinary grey-iron castings manganese is in-
variably preferred in excess of the theoretical
ratio needed to convert sulphur to manganese sul-
phide.  The excess of manganese over the
theoretical demand of sulphur will he referred to
as “ excess” manganese, and clearly the greater
the amount of *“ excess” manganese the larger
the proportion of sulphur combined with man-
ganese. The writer does not desire to refer, in
connection with this Paper, to controversies with
respect either to the precise influence of man-
ganese on cast iron, the differentiation of sulphides
under the microscope, or the possibility of sul-
phides of iron and manganese existing as com-
pounds. He merely desires to point out that in
cast iron it is generally recognised that sulphur
exists best combined with manganese, and to en-
sure the maximum proportion of sulphur so exist-
ing, manganese is used in excess of that theoretic-
ally required.

In mild steel the sulphur is usually not over
0.05 per cent.,, and the manganese is ordinarily
about 0.5 per cent. In the recent Report on the
Heterogeneity of Steel Ingots,f it is stated that: —
“ When manganese is added to the steel in the
bath, the distribution of the sulphur between the
two elements iron and manganese is determined
by the relative amounts of the two metals present
and their respective affinities, and the sulphide is
always of a complex character (FeMn)S. It is
generally accepted that this complex is insoluble
in liquid iron, and its distribution is governed
by a different law from that of the other con-
stituents. In addition, there is no doubt that this
sulphide is of lower density than liquid iron.”

Ordinary text-book literature repeatedly con-
veys the impression that an excess is preferred to
a deficiency of manganese, and numerous refer-
ences could be given to scientific Papers to the
same effect.];

f “Journal of the Iron and Steel Institute.” No. 1, 1926.

p. 39
t See E. Pv. Taylor, “ Carnegie Scholarship Memoirs,” Vol. 15,
1926, pp. 382'and "406.
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Whiteheart Malleable Pig Iron.

In whiteheart malleable pig-iron the silicon con-
tent is low. Unavoidably, under present condi-
tions of blast-furnace operation, therefore, the sul-
phur present is high, considerably in excess of
what is obtained in foundry pig. The growth of
cupola melting of whiteheart malleable naturally
emphasises the sulphur' difficulty owing to the
absorption of sulphur from the coke. The chill-
ing effect of sulphur is well known, and in the
absence of manganese the sulphur would clearly
retard the annealing operation. Furthermore,
there would be practical difficulties in the way of
securing a predetermined sulphur content, which
would make any systematic control, by means of
sulphur, difficult if not impossible, small changes
in the sulphur content producing marked dif-
ferences of the structure. The question of the
desirable manganese content in whiteheart malle-
able is therefore of practical importance, as man-
ganese in removing some sulphur takes from the
metal a carbide-stabilising agent of great power.
The intrinsic influence of manganese, apart from
sulphur, on the carbide is still disputed, but
metallurgical opinion as a whole takes the view
that manganese also stabilises the carbide. Thus
it would retard annealing, and if this view is cor-
rect the removal of manganese and sulphur de-
prives the metal simultaneously of two hardening
agents. The problem would be simple if the for-
mation of manganese sulphide were complete and
non-reversible. An excess of manganese is neces-
sary, and it may be assumed that this excess is
present in the metal as manganese carbide. The
question then arises—is it preferable to remove
the maximum quantity of sulphur by excess man-
ganese, or should the manganese be limited? In
other words, which is the greater evil to the malle-
able founder, manganese carbide from excess man-
ganese or ferrous sulphide from sulphur not oom-
bined with manganese, both of which may retard
annealing? W hat middle course, if any, is open?

Purchasers of whiteheart malleable pig-iron have
the choice of material from various localities, and
the sulphur contents differ very widely. The writer
has found such pig as high as 0.65 per cent, in
sulphur, with traces of manganese, while at the
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other extreme irons with a much higher man-
ganese content gave only 0.12 per cent, sulphur.
In view of these variations there is therefore a
good deal to be said for the practice of mixing
and remelting these irons into so-called refined
pig-iron before they reach the malleable founder,
as this permits a predetermined ratio of manganese
to sulphur.

The final question that arises, assuming that for
whiteheart malleable a desirable ratio of man-
ganese to sulphur could be fixed, may be stated as
follows. Is there any difference between irons of
differing sulphur contents? In other words, could
a high-sulphur pig be utilised as satisfactorily
by the industry (provided it contains its quota of
manganese) as a low-sulphur pig with its proper
manganese ratio? Can manganese sulphide be
regarded as neutral from the point of view of its
effect on the properties of whiteheart malleable?

Sulphur and Manganese in Black Heart.

In a Paper given by Professor Enrique Touceda
before this Institute, at the Birmingham Confer-
ence in 1922, the question of manganese and sul-
phur in black heart was discussed. He said:—
“ The question, then, really resolves itself into
what are the permissible limits for the sulphur
and manganese. While it is generally conceded
that these elements should be present in atomic
proportions to form manganese sulphide, the
author has seen many instances in which the
product was excellent where this was not the case.
Based upon data obtained from the testing of
many test bars, the author would state that with
a sulphur content between the limits of 0.05 and
0.08 per cent, it is safe to use a manganese con-
tent between the limits of 0.20 to 0.30 per cent.,
with recommendation to avoid using, coincident-
ally, the high limit for manganese with the low
one for sulphur, and contrariwise. The man-
ganese should be increased with increasing sul-
phur, and with the latter at 0.12 per cent, it
should lie between 0.34 and 0.40 per cent.”

Professor Touceda also refers to cupola-melted
black heart in which sulphur averaged in the
casting 0.25 and manganese 0.6 per cent., this
being used for fittings in which superiority in
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quality is not essential. It was pointed out by
him that this metal would show abnormal struc-
ture in heavy sections, and be low in elongation.
It might fairly be concluded from these remarks
that poor ductility may be attributed to the
presence of manganese sulphide.

Dr. W. H. Hatfield,* in discussing black heart
malleable, says:—* The manganese in the black-
heart material is there to neutralise the sulphur,
and this content should largely be determined by
the content of the latter element.”

Influence of Sulphur in Whiteheart Malleable.

The author first determined the influence of
sulphur in whiteheart malleable. This material
may be regarded as an impure iron-carbon alloy,
and in order to ascertain the influence of sulphur
in the absence of all elements other than iron and
carbon, a Swedish iron base was used, to which
11 per cent, ferro-silicon was added to secure a
uniform silicon content throughout the series, of
0.6 per cent., together with ferrous-sulphide to
give varying sulphur contents throughout the
series. At the same time a second series was
made up, using as a base hematite iron of the
kind commonly used in the trade, but of high
sulphur and low manganese content, silicon being
kept the same as before. Tensile and bend bars
were cast in green sand, B.E.S.A. standard bars
being employed.f In the chemical analyses sul-
phur was always determined gravimetrically.
The details of the analyses of the original Swedish
white iron and of the subsequent mixtures made
up, before and after annealing, are given in the
original Paper,\ together with those of the series
made from the hematite iron. The Swedish iron
contained 3.10 per cent, total carbon, and 14
melts were made up, the sulphur varying between
0.019 and 1.49 per cent. The hematite iron con-

* Journal of the Iron'and Steel Institute, 1917, p. 319.

t See B.E.S.A. Specification 5022 (1923), on whiteheart
malleable for automobile castings. The ultimate tensile strength
spceified is 20 tons pePsquare inch with an elongation on 2 inches
of 5 per cent., and a bend of 45 degrees round a 1 inch radius.
The same figures have been proposed for the tentative specifica-
tion for general whiteheart malleable, although j.there are slight
chan ges in the test pieces and test conditions.

X See E. R. Taylor, “ Carnegie Scholarship Memoirs,” 1925,
p. 131.



tained 2.9 total carbon, 0.70 silicon, 0.65 sulphur,
0.03 per cent, manganese, and 10 melts were made
up with sulphur varying between 0.151 and 1.28
per cent., the lower sulphurs being secured by
Swedish iron additions.

The bars were annealed under commercial con-
ditions at the works of the Incandescent Heat
Company, Limited, Smethwick, by courtesy of
Mr. J. J. Fallon. The ore ratio employed was
1:3, the annealing period being 125 hours, of
which 60 hours was between 890 and 960 deg. C.
This annealing cycle is not ideal, being too short

Fig. 1l.—Influence of Sulphur on Bend

Test in the Absence of Manganese.

at the top temperature, and the cooling being
too rapid. The influence of sulphur on tensile
strength was shown to be wholly deleterious in
both series. In the Swedish series the ultimate
tensile strength fell from 24 tons per sq. in. for
0.1 per cent, sulphur, to 8 tons per sq. in. for
1.5 per cent, sulphur. The B.E.S.A. specified
figure was maintained with sulphur under 0.5
per cent. The elongation figures for both series
were disappointing, due to rapid cooling. In the
hematite series the ultimate tensile strength was
23.5 tons per sqg. in. at 0.15 per cent, sulphur,



273

falling to 10 tons per sq. in. for 1.28 per cent,
sulphur. The B.E.S.A. figure was maintained
under 0.7 per cent, sulphur. The influence on
the bend test is shown in Fig. 1. For complete
details of the mechanical tests the reader s
referred to the original Paper.

With the adoption of a commercial silicon con-
tent, the main difference between the Swedish
and hematite bases, in view of the low manganese
content of the latter, was that of sulphur, which
was, of course, varied deliberately in the melts
made up. It might be anticipated, therefore,

Fig. 2.—Influence of Manganese and
Sulphur on Bend Test.

that there would be little difference between the
results of the two series, and this is confirmed
by Fig. 1.

Conclusions.—For the Swedish series both ten-
sile  strength and elongation diminish with
increasing sulphur. The elongation figures on
this series were unduly low, doubtless owing to
the rapid cooling from the furnace and short
annealing. The bend test is below the specified
figure at over 0.3 per cent, sulphur.

The hematite series afford a more satisfactory
basis for comparisons with commercial material.
Again mechanical properties diminish regularly
with increasing sulphur, and the bend test shows
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that sulphur over 0.3 per cent, is below specifica-
tion. Sulphur, therefore, exercises a wholly
deleterious influence on the properties of white-
heart malleable when manganese is absent.

The Influence of Manganese.

The influence of manganese was then deter-
mined using ordinary hematite white iron as
employed in the trade. Two series of melts were
undertaken, the first having a sulphur content of
0.133, the second of 0.24 per cent.,, each with
increasing manganese. There was ample evidence
during higher sulphur melts of the combination
between manganese and sulphur, the sulphide
rising to the surface in a pasty, viscous mass,
fusible with difficulty, and virtually precluding a
series being made with sulphur above 0.3 per cent.

In each series the base metal, a hematite pig-
iron of 3.09 total carbon, 0.60 silicon, 0.28 man-
ganese, 0.133 sulphur, and 0.103 per cent, phos-
phorus, was crucible melted with increasing
amounts of spiegeleisen to give increasing man-
ganese, high-sulphur pig of similar origin being
added in series 2 to give the higher sulphur con-
tents desired. In the first series the manganese
varied in 9 melts from 0.32 to 1.28 per cent. Tn
the second series, in 7 melts the manganese varied
from 0.21 to 1.29 per cent., and in both series a
little sulphur was lost through manganese sulphide
rising to the top of the pot. This loss naturally
increased as the manganese increased. In
Series 1 the sulphur diminished from 0.133 to
0.10 per cent.,, and in Series 2 from 0.24 to 0.20
per cent.

For the analyses of the white and annealed bars
together with full mechanical tests, the reader is
referred to the original Paper.t The bars were
annealed in a 1: 5 ore mixture after barrelling in
a commercial gas-fired furnace at A. S. Smith and
Sons, Walsall, by courtesy of Mr. G. S. Bayli'ss.
The heating up took 50 hrs., and the cooling
60 hrs., the bars being kept 120 hrs. at 960 deg. C.

In Series 1 the ultimate tensile strength
increased with manganese, and the elongation
diminished, being 5 per cent, at 0.6 per cent,
manganese. All the tensiles were over 20 tons in

t3i|351' li. Tayor, *“ Carnegie Scholarship Memoirs,” 1926,
p. .



both Series 1 and 2. In Series 2 the ultimate
stress increases with increasing manganese up to
0.6 per cent., and then falls "away again. The
elongation does the same, increasing up to 0.45
per cent, manganese and then diminishing. The
elongation was over 5 per cent, with the man-
ganese between 0.4 and 0.8 per cent., with a peak
of 8.5 per cent, at 0.45 per cent, manganese.

RS 8.

Fig. 3.—Mn. 0.045 and S. 0.014 per cent.
Anneaxed. E tched with Picric Acid.

X 200.

Fig. 2 shows the results of the bend tests,
indicating the fall of bend value with manganese.

The bend and tensile tests taken together indi-
cate that the best results for a given sulphur
value arise when the manganese is not more than
1 to 2 times the sulphur. In the first series this
occurs with the lowest manganese attained, as i't
was not found possible to go lower than 0.32 per
cent, manganese. In the second series the best
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elongation is given by 0.45 per cent, manganese,
the sulphur content being 0.24 per cent.
Conclusions.—It may therefore be concluded
from these tests that in whiteheart malleable the
best mechanical results are obtained when the
manganese: sulphur ratio is not greater than
1: 2. When the ratio is much less than this,
good bend tests can be obtained, but the elonga-
tion appears to suffer. Metal containing excess

RS 20.

Fig. 4.—Mn. 0.17 and S. 0.131 per cent.
Annealed. E tched with Picric Acid.

X 200.

manganese is strong without being ductile, and
anneals to finely divided pearlite instead of
ferrite.

The Influence of Manganese Sulphide.

It was evident from the above-mentioned
investigation that better mechanical results were
obtained from a low-sulphur pig containing the
proper quota of manganese, than from a high-
sulphur pig with the proper quota of manganese.
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Reference to Fig. 2 not only indicates a
deterioration of bend value with increasing man-
ganese, but it will be noted that the bend values
for Series 2, containing sulphur 0.24 per cent.,
are uniformly lower than for Series 1, containing
sulphur 0.13 per cent. For a given amount of
excess manganese the former iron will contain a
larger quantity of manganese sulphide than the
latter. Since the mixtures, melting and anneal-

RS 2.

Fig. 5.—Mn. 0.25 and S. 0.17 pee cent
Annealed. E tched w ith P iceic A cid .

x 200.

ing conditions are identical apart from this one
difference, it may fairly be concluded that the
ductility suffers if the amount of sulphide pre-
sent increases. This result was generally sup-
ported by other tests irrespective of the character
of the base metal, whether blast furnace or
refined iron, but it was considered desirable to
confirm it with further tests.

These were made on a Swedish iron base of the
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analysis:—T.C., 3.90; C.O., 3.90; Gr, nil; Si, 0.05;
Mn, trace; S, 0.015; and P, 0.015 per cent.
Seven melts were made up* of this base with
11 per cent, ferro-silicon, to give a commercial
silicon figure of 0.6 per cent., and with calculated
amounts of ferrous-sulphide and spiegeleisen to
give manganese and sulphur contents varying
between the different melts of the series, and yet

RS 18.

Fig. 6.—mn. 0386 ana S. 0.187 see cenct.
Annealtled. E tched w ith Picric Acid.

X 200.

being fixed in any one melt at the ratio 1.7:1.
Three standard tensile and three standard bend
bars were cast for each melt, being subsequently
barrelled, packed in ore in the ratio of 1 part of
new to 5 parts of old, and annealed in a com-
mercial, producer-gas-fired oven for 120 hrs. at
960 deg. C. Cooling was slow, being at the rate
of 15 deg. C. per hour until 650 deg. C. was
reached.
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Table | gives the analyses of the white bars, and
Table 1l those of the annealed bars, it being
assumed that silicon, manganese and phosphorus
remained unchanged during annealing. Table Il
gives results of mechanical tests, including ten-
sile, elongation and bend tests.

Tanie | — White Bars.
T.C. CC. GcC. Si. Mn. S.

Cast. 0 o o

% % w b w
RS 8 .. 408 401 007 017 004 0014
RS 22 .. 354 346 008 055 0.2 0197
RS 20 .. 368 358 010 063 017 0131
RS 2 .. 387 378 009 077 025 0170
RS 18 .. 353 345 008 079 039 0187
RS 17 371 361 010 060 033 0199
RS 9 .. 353 345 008 085 034 0213

The phosphorus content remained constant at
0.015 per cent.

Tabte |l.—Annealed Bars.
Cast T.C. C.C. G.C. S.

) Per cent. Percent. Percent. Percent.
RS 8 1.98 0.65 1.33 0.038
RS 22 1.96 0.74 1.22 0.203
RS 20 1.87 0.66 1.21 0.151
RS 2 2.13 0.83 1.30 0.197
RS 18 1.97 0.52 1.45 0.181
RS 17 2.01 0.66 1.35 0.244
RS 9 1.98 0.69 1.29 0.239

Manganese, silicon and phosphorus contents are
assumed to remain unchanged.

Tavre Il

Mn. S. Ult. Ten.
assuming  Slight Str.  Per cent. Bend
Cast. all S. excess  Tons/ Elong. value.

changed of sg. in. on2in.

to Mn. S.

Per cent.
RS. 8 .. 0.038 Mn. 23.5 3.6 46°
RS 22 .. 0.193 S. 27.0 4.5 50°
RS 20 .. 0.269 S. 24.6 5.0 40°
RS- 2 .. 0.395 S. 25.0 3.7 34°
RS 18 .. 0.509 Mn. 19.6 8.3 90"
RS 17 .. 0.527 S. 20.4 4.0 41°
RS 9 .. 0542 S. 2538 5.0 B=
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It will -be seen from the above results that, in
a series in which manganese and sulphur remain
related in the same way but in which the actual
amounts vary, no definite decline or improvement
is shown as the amounts of sulphur and man-
ganese present increase. It is practically difficult
to get melts in which the manganese and sulphur
are present in a given ratio, even approximately,

RS 18.
Fig. 7.— Anneateda Bab (| in.). Etched in
Picric Acid Mn. 0.386 ..a S. 0.187.

X 100.

and the variations in silicon and carbon are quite
sufficient to explain the differences shown. The
high value obtained for bend in RS 18, in addi-
tion to the high elongation, is explained by the
high silicon and the low combined carbon after
annealing. This iron had annealed wholly to the
blackheart condition. It is possible that some
favourable oondition in mixing or annealing
resulted in a greater proportion of sulphur being
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converted to manganese sulphide in RS 18 than
in the other samples, and this would have facili-
tated annealing to the ferrite-graphite structure
capable of yielding relatively good bend and
elongation figures.

Generally it may be concluded that the presence
of sulphide does not seriously affect the ductility
of whiteheart malleable, and any harmful ten-

RS 22.

Fig. 8. —Mn. 0.122 and S. 0.197 per cent.
Unetched x 200.

dency is probably more than offset by the accelera-
tion of the annealing due to the combined
removal of both sulphur and manganese as sul-
phide. More reliance should be placed upon the
bend tests in the above series than upon tensiles,
as f-in. bars were used for the latter instead of
mi—in. diameter, and these proved in practice to
be.unsatisfactory on account of the greater differ-
ence in thickness between tensile and bend bars.
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Five-eighths-inch tensile bars are proposed in the
tentative malleable specification, and might well
be reduced, to the original figure unless a flat bar
can be adopted.

Influence of Sulphide on Fracture.
It was noted that in RS 8 and RS 22 the
fracture was crystalline and steely, whereas in the
other oasts the fracture is darker, RS 17 having a

RS 18

Fig. 9.—Same Specimen as Fig. 6, but
SHOWING HOwW THE SULPHIDE HAS
Shattered during Annealing. Unetched
x 200.

black centre with a steely rim | in. thick. RS 18
annealed to a ferrite-graphite structure entirely,
with a velvety black' appearance. Reference to
Table Il, however, shows that there is no actual
increase in temper carbon deposited as the
sulphide increases, except in the one case of RS 18
mentioned above.
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The microstructure of the series in the cast
state was normal, except that a little free graphite
was present. Fig. 3 shows RS 8 after annealing,
being mainly pearlitic. Fig. 4 shows RS 20 after
annealing. Fig. 5 shows RS 2 after annealing,
and Figs. 6 and 7 show RS 18 of f in. bar and
| in. bar respectively, all these being etched.

Fig. 8 shows RS 22 unetched, showing a small
amount of sulphide and temper carbon, and Fig. 9
shows RS 18 with a greater amount of sulphide,
and a characteristic effect of the sulphide in very
small particles. Fig. 10 shows RS 17 similarly.

Loss or Gain of Sulphur During Annealing.

Sulphur in the white iron castings appears to
be affected during the anneal, largely depending
on whether manganese is present or not. In the
absence of manganese, the sulphur exists as the
eutectic Fe — FeS freezing at 980 deg. C., i.e.,
200 deg. C. less than the melting point of pure
iron sulphide.

In this case the author found that elimination
of sulphur takes place during the annealing opera-
tion to an extent equal to 50 per cent, or more of
the original sulphur present.

When manganese is present, however, more par-
ticularly over the ratio 1.7 times the sulphur, an
absorption of sulphur takes place from the ore
mixture, so that there is an increase in sulphur in
the annealed castings over that of the white
castings.

The following results were obtained as illus-
trating this:—

Tabte |V.—Hematite Iron (Manganese absent).

Original white Percentage
iron bars. Annealed bars. Sulphur
Sulphur per cent. eliminated.
Per cent. Per cent. Per cent.
0.151 0.071 53.0
0.25 0.153 38.0
0.324 0.296 8.64
0.65 0.51 21.5

1.28 0.65 49.2
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Tabte V.—Hematite Iron (Manganese present).

Original white Percentage
iron bars. Annealed bars. Sulphur
Sulphur per cent. gained.
0.133 0.152 14.3
0.121 0.151 24.7
0.115 0.146 27.0
0.117 0.146 24.7
0.109 0.136 24.7
0.112 0.133 18.8
0.11 0.14 27.2
0.24 0.257 7.1
0.213 0.232 8.95
0.211 0.239 13.2
0.20 0.232 16.0

Also in the series in which manganese is present
in a definite ratio:—

Tabie VI.—Hematite Iron, Manganese present in Definite
Ratio to Sulphur.

Sulphurinthe  Sulphur in Percentage

white iron  the annealed gain in
bars. bars. Sulphur.
Per cent. Per cent.
as 22 0.197 0.203 3.04
RS 20 0.131 0.151 15.2
RS 2 .. 0.17 0.197 15.8
RS 18 0.187 0.181 -- 32
RS 17 0.199 0.244 22.6
RS 9 .. 0.213 0.239 12.2

It is difficult to suggest a definite relationship
between the manganese content and the behaviour
of sulphur during annealing, but the general
tendency is clearly indicated.

Conclusions.—1) Sulphur in the absence of man-
ganese is deleterious to the mechanical properties
of whiteheart malleable.

(@ Manganese in the absence of sulphur is
dglleterious to the ductility of whiteheart malle-
able.

3) Manganese and sulphur together neutralise
the harmful properties of both, by the formation
of sulphide. The manganese may be present in
the proportion of 1 to 2 parts manganese to 1 of
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sulphur, to offset the disadvantage of sulphur
without incurring the disadvantage of wundue
excess manganese.

(4) There seems to be no reason why medium
and high sulphur irons, otherwise suitable, should
not be employed for whiteheart malleable provided
the iron carries the quota of manganese not exceed-
ing that given in (3) above, as the sulphide formed

RS 17.

Fig. 10.—Mn. 0.333 and S. 0.199 pee cent.
Annealed. Unetched x 200.

does not appear seriously to affect the mechanical
properties. The lowest sulphur pig available, of
course, is to be preferred.

(5) W hiteheart malleable bars appear to lose
sulphur during annealing when manganese is
absent, and gain it when manganese is present,
i.e., sulphur change during annealing appears to
depend upon the character of the sulphide formed.

The author thinks it desirable to state that the
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work embodied in this paper was completed before
joining the staff of the British Cast Iron Research
Association, and has since been continued with
respect to the influence of total carbon and silicon
on the properties of whiteheart malleable. At the
same time the paper could not have been presented
without the facilities provided by the Association,
and to the Director of the Association the author’s
grateful thanks are therefore tendered, and also
to those gentlemen at the works of members of
the Association in which the practical annealing
work was conducted. The investigations on sul-
phur and manganese were carried out by means
of Carnegie Scholarship grants from the Iron and
Steel Institute. The work on the influence of
manganese sulphide was undertaken by means of
a grant from the Government Grant Committee of
the Royal Society.

DISCUSSION.

Definite Field for Low Elongation
Malleable.

Mr. F. J. Cook (Past-President) was of opinion
that there certainly were commercial uses for an
iron which would give very high tensile strength,
say, of over 30 tons per sg. in., with a moderate
elongation of 3 per cent., in such things as trans-
mission gear, heavy conveyor work, cam levers for
Diesel engines, and so on, where one wanted
good strength and rigidity. A few years ago
enormous elongations were obtained in America
with malleable iron, and very great stress was laid
on that point, but anyone who was familiar with
the work carried out over there now knew that
they had dropped, a great deal of that. They
had found that it was not a distinct advantage
in many cases to have an iron with the same
attributes as lead, but that they required a malle-
able iron of a stiffer nature, and he could quite
conceive that the advantages, for such purposes as
he had indicated, of a high tensile strength would
be greater than the advantages of an abnormally
high elongation. Therefore, one could quite
truthfully answer Mr. Taylor’s question in the
affirmative. He referred to a diagram exhibited by
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Mr. Taylor, which showed that, with manganese,
the ultimate stress rose, then it dropped down,
and later there was again a distinct rise. The
tails of the diagrams for ultimate stress, yield
and elongation took the same direction, and it
appeared that Mr. Taylor had left off at a point
from which he ought to have continued very
much further, because it appeared, if he had, he
would have got within the range of the results
which had been shown by Prof. Piwowarsky. If
that were so, there were two ways of getting at
a material which would give similar results, and
he suggested, therefore, that Mr. Taylor should
carry the work a little further in order to see
whether the rise in the curve persisted. The
subject was full of possibilities; the Paper was
well conceived, and the work had been very well
carried out.

Mr. T. H. Turner asked what the figure was
at the end, where the direction of the curve
changed.

Mr. Cook replied that the ultimate stress was
round about 26 or 27 tons. The manganese con-
tent at the point of change was round about !
per cent.; above that, there was a distinct advance
to such an extent that it looked as though it
might go up considerably further.

Higher Sulphur in Skin.

Mu. W. H. Poote asked Mr. Taylor if he
thought that a malleable iron of 30 tons tensile
and 3 per cent, elongation was of very high grade,
because he himself regularly tested malleable of
30 and 40 tons tensile, and from 7 to 12 per cent,
elongation. He also asked why it was that there
was more sulphur in the skin than in the
remainder of the iron, and what, in Mr. Taylor’s
view, actually took place to cause that high sul-
phur content. He also asked that when Mr.
Taylor carried out any further experiments he
would keep in mind the practical casting results
in the foundry, because when trying out casting
results one often experienced a lot of trouble. If
one cast a high-manganese metal and a low-man-
ganese metal in the foundry one found an appre-
ciable difference.

Mr. E. Longden asked Mr. Taylor if, in view
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of the importance of sulphur in the metal used
for malleable iron castings, he had carried out any
research into de-sulphurisation. In grey iron it
was not so important as in malleable iron, but
during the last eighteen months metallurgists bad
been somewhat confounded, because he had regu-
larly produced metal with a sulphur content of
0.16 per cent., the sulphur having no damaging
effect on the metal.

Migration of Sulphur in Malleable.

Mr. F. H. Hurren said that the Paper was
very interesting and useful, inasmuch as serious
research work on whiteheart malleable had been
sadly neglected. Mr. Taylor had proved conclu-
sively in his Paper and in the test results given
in the Carnegie Scholarship Memoirs that high
manganese was not a desirable factor, inasmuch
as, although the tensile was increased, the bend
test result was seriously reduced. He did not
quite agree with the statement in paragraph 4
of Mr. Taylor’s conclusions, to the effect that
there seemed to be no reason why medium and high-
sulphur irons should not be employed. Despite
what Mr. Fletcher had said about the difficulty,
with a blast furnace, of producing cast irons to
specification, he did not see why the very high
sulphur irons now put on the market could not
be improved upon, and, with all due deference to
the pig-iron manufacturers, he considered it was
up to them to produce irons lower in sulphur and
remove the trouble from the man who had to
make the -castings. Another interesting point
brought out by Mr. Taylor was the fact that
during annealing some castings lost sulphur and
others gained. He himself had found that out in
a number of tests, but had never realised what
the explanation was until Mr. Taylor had proved
it in his Paper, and he thanked Mr. Taylor for
having given it.

AUTHOR’S REPLY.

Mr. Taytor, replying to the discussion, said
that Mr. Cook’s suggestion that the manganese
content be carried further was a good one,
because at about 1.25 or 1.3 per cent, manganese
things did not seem to be going better. Those
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who wanted a high tensile malleable cast iron
would get it with 1.25 per cent, manganese, hut
the elongation was only moderate, i.e., 3 per cent.
There must he many purposes in engineering for
which such a material of high tensile strength and
low ductility would be specially valuable, but such
a malleable cast iron did not appear to achieve
the popularity that perhaps it might. He would
take the opportunity, when he could, of increas-
ing the manganese in order to see what happened,
because at 1.3 per cent., where he had finished,
the tensile strength was soaring up to 35 tons
per sq. in., and would perhaps have reached 40
tons. It might be that the properties of the
material would coincide very closely with those
obtained by Prof. Piwowarsky. Prof. Piwowarsky
had indicated, in reply to the discussion on his
Paper, that'if he had lengthened the annealing
period beyond a quarter of an hour he could
have increased the elongation of 10 per cent,,
Presumably, however, in reaching an elonga-
tion of 10per cent., the strength of the
material would have been reduced somewhat.
The action of the sulphur during anneal-
ing very likely explained some of the failures
thathad occurred in the past. He could
not imagine that the properties of a malle-
able cast iron containing a large percentage of
sulphur and no manganese, even if the sulphur
were eliminated during annealing, would be so
good as they would be if one started with a more
select pig-iron and had no elimination of sulphur.
It seemed probable that the elimination of a large
percentage of sulphur would be detrimental dur-
ing annealing. |If one started with a pig-iron con-
taining 0.5 per cent, sulphur, and perhaps
eliminated half of that sulphur so that it was
reduced to 0.25 per cent., the effect of having
eliminated it would be to leave traces of injury.
There were cases on record which showed that
that was the case.

Correspondence.

In a written communication as promised by the
author at the Conference, Mr. Taylor deals briefly
with a few outstanding points raised in the dis-

cussion as follows:—
L
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Mb. W. H. Poote spoke of high tensile malle-
able (30 to 40 tons) with 7 to 12 per cent, elonga-
tion as against the 3 per cent, quoted in the
Paper. As high tensile strengths are inimical to
high elongations it would be interesting to all con-
cerned if Mr. Poole would publish a series of such
results together with full analyses and tests. It
must not be forgotten, however, that Hat bars are
known to register higher elongations than do round
bars of the same material. It is understood Mr.
Poole used flat test bars. The thickness of the
test bar used, of course, also lias a decided influence
on the elongation observed. Experiments are, as
a matter of fact, actually in hand to determine
the relationship between the results obtained from
both round and flat bars.

In regard to the concentration of sulphur in
the skin of the iron, the cases of manganous and
non-manganous malleable must be considered
separately. In the former there is usually an
increase of sulphur during annealing which must
come from the ore. In the case of non-manganous
malleable the sulphur migrates towards the skin
and would appear to account for the local con-
centration.

In reply to Mr. E. Longden, Mr. Taylor states
that de-sulphurisation of iron intended for malle-
able does not appear to be practised, although good
results might arise thereby. At the present time
the production of refined malleable pig-iron appears
to be the result of cupola mixing rather than
chemical treatment.

The author thanks Mr. F. H. Hurren for his
remarks, and is interested to know that he is in
general agreement regarding the effects of sulphur
and of manganese.
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Lancashire Branch.
EARLY HISTORY OF THE INSTITUTE.

By F. J. Cook, MJ.Mech.E. (Past President).

It is a remarkable fact that although the
Association has been in existence since 1904, so
far no attempt has been made to give an account
of the circumstances which led to its formation
or to tell the story of its early developments. It
is important that these details should be given
since the lapse of time has reduced the number
of the foundrymen who formed the Association and
set it on its forward path. It will be the object
of this paper to detail very briefly the origin and
progress of the Association up to the present time.

Incidentally, no better example of the power of
the Press could be given, since it was in the pages
of The Foundry Trade Journal that the first
aspirations for an association found their expres-
sion. The first issue of The Foundry Trade
Journal appeared in January, 1902. It is clear
that at that time there must have been, although
more or less lying dormant for lack of the means
of expression, a desire for a foundrymen’s associa-
tion on the lines of the American one. For as
early as the second issue of The Foundry Trade
Journal two letters appeared under the nommes
des plumes of “ Foundryman ” and “ Foundry
Foreman,” both of which urged the formation of
such an association.

These were followed in the May issue with a
letter on similar lines signed “ Foundrymite.”
After that time, no doubt owing to lack of initia-
tive and pushfulness, the matter appears to have
laid dormant, as no further letter on the subject
appeared until May, 1903, when J. Ellis (South-
ampton), who subsequently became President of
the Association, wrote under the nom de plume
of “ Foundry Manager,” again urging the forma-
tion of such an association and suggesting that
the first general meeting should be held at Man-
chester in connection with the forthcoming

12
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Exhibition. In the next issue of June a writer
signing himself “ T.9.,” whilst agreeing in
principal with the suggestion, pointed out what
he believed to be insurmountable difficulties,
including that of cost. Just prior to this Mr.
Finch, the present Treasurer, had been reading
in the issues of the American journal *“‘The
Foundry ” accounts of the American Conventions
and was strongly impressed with the desirability
of forming a similar association in Great Britain.
At the same time he learned of the existence of
The Foundry Trade Journal, and, with his char-
acteristic energy wrote in the Jtnie issue giving a
practical turn to the discussion by suggesting that
if those interested in the formation would com-
municate with him he would take the initiative.
At the same time he recalled a previous attempt
he had made to form a foundry managers’ associa-
tion.

The First Meeting.

The discussion vigorously continued and in the
July issue letters appeared from Mr. Finch and
“ Foundry Manager” both making light of the
difficulties suggested by the correspondent “ T.S.”
A further practical suggestion came from Mr.
Finch to the effect that the Editor should provide
space for the insertion of names and addresses of
those interested. “ Foundry Manager” again
urged the holding of a general meeting in Man-
chester, suggesting that the seventy foundries in
that district would no doubt combine to see the
thing successfully carried through. More letters
appeared on similar lines with Editorial notes in
practically every issue. But still the matter
flagged and in November, 1903, the Editor, in his
notes was very despondent at the apparent lack
of progress and emphasised the necessity of Mr.
Finch’s slogan ““ Wake up.” In December, 1903,
appeared an excellent article by Dr. Percy Long-
muir entitled “ A Foundrvmen’s Association, Tts
Possibilities and Advantages to the Foundry
Industry.” In the same issue appeared an
enthusiastic letter from J. A. Phillips, some help-
ful Editor’s notes, and a letter from a Scottish
representative of the Journal, stating that a sug-
gestion for the formation of an association had
been well received by the Scottish foundries.



Still the actual formation was delayed, until Mr.
Finch, taking his courage in both hands, invited,
through the medium of the Journar, all those
interested in the formation of an association to
meet him at the Oobden Hotel, Birmingham, on
Saturday, April 9, 1904. This appeal resulted in
the appearance of the following gentlemen,
namely, R. Buchanan (Birmingham), C. Morehead
(Rugby), J. Ellis (Southampton), F. W. Shaw
and W. Vickers representing F. J. Cook (Bir-
mingham) and F. W. Finch (Gloucester).

Nothing daunted by this poor response to the
appeal, the handful of pioneers decided to take
the bold step of forming an association. Mr. R.
Buchanan was nominated President, Mr. F. W.
Finch Secretary and Treasurer, and those present
to form the Council with power to add to their
numbers. It was also decided to make a special
effort to obtain further support for the project by
circularising all the foundries with more than five
moulders. The details relative to the foundries
were obtained for this purpose from the annual
report of the Moulders’ Society, and those for Scot-
land from Mr. Jack, the Secretary of the Scottish
Union. Mr. Roxburgh (Kilmarnock) was very
Ih_elpful at this stage in classifying the Scottish
ist.

First Results.

The second meeting revealed the fact that the
special appeal had met with a fair amount of
success; fifty applications for membership had been
received, which was considered so satisfactory as
to warrant the holding of the first annual Con-
vention in Manchester during the August Bank
Holiday  week. Mr. J. G Stewart, of
Urmston, Manchester, who was present at
the meeting, undertook to make the neces-
sary arrangements for that Convention. By the
time of the Convention 89 members had been
enrolled of whom over 50 attended, and it can
safely be asserted that no Convention has ever
been more thoroughly enjoyed, and at none has
a larger percentage of the members attended.
Friendships were made on that occasion that have
lasted until the present day. By the end of the
year 1904 the membership had increased to 100.
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Initial Objects.

The Council gave a great deal of thought and
attention to the question of defining the lines on
which the Association should he run, and though
many ideas were never put into writing some of
them have always been well understood and con-
sidered as unwritten laws. The primary object
was considered to be purely educational—the
education of the man actually at work in the
foundry, such as workmen, foremen and managers.
This was ,to be followed by educating those out-
side the shops who are more or less directly or
indirectly concerned with it, such as draughtsmen,
patternmakers, proprietors and works managers,
etc. As an incentive to membership the subscrip-
tion was placed at the absurdly low figure of
7s. 6d. per annum. It was also definitely decided
that the Association should not countenance any
discussion of Trade Union matters, whether
appertaining to wages or conditions of labour.
Further, the Association was not to be used in
any sort of propaganda for business houses in the
selling and advertising of their goods. The suc-
cess which has followed the ideals set up in those
early days proves that the Association was well
and wisely governed from its inception.

The Official Organ.

In December, 1904, after discussion by ‘the
Council in conjunction with Major Cheesewriglit,
it was decided to appoint The Foundry Trade
Journal as the official organ of the Association.
This step was considered an economical way of
keeping directly in touch with the members, as at
that time the Association funds would not allow
of heavy expenditure. The members were allowed
a rebate on the Journal by the proprietors, who
also undertook to provide space for reports or
communications from foundrymen. In further-
ance of this idea, and also for the purpose of
drawing up a set of rules for the Association, a
literary committee was formed comprising Mr.
Buchanan and the author of this review,
“this committee promising to provide articles
from time to time in the Journal oOn
points appertaining to the welfare of the
Association. The  first of these articles
appeared in the March issue of 1905 over the
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initials of “ F.J.C.” (the author). In this article
the writer pointed out the inadequacy of one
meeting a year to such an Association, and sug-
gested that until Branches could he formed (a
policy which the Council always had in mind) it
was desirable that wherever members of the Asso-
ciation gave papers to other Societies they should
stipulate that invitations should be sent to all
members of the Foundrymen’s Association in the
district. This article was followed by others from
the pens of F. W. Shaw, C. More'head and R.
Buchanan.
The First Branch.

Manchester with her natural foresight and push-
fulness may well be proud of the fact that in 1905
she received the sanction of the Council to form
the first Branch, to be knownlas the “ Lancashire
Branch.” Its first meeting took place in the
autumn of that year when Mr. Finch addressed
an audience of about seven. The first President
was Mt. W. Russell, of Pendleton, and the first
Secretary, Mr. J. G. Stewart, of the British "West-
inghouse Company, a man who did valuable work
at the commencement of our history both in and
out of the Council. Birmingham was the next to
form a Branch, its first meeting being held on
April 28, 1906, under the Presidency of R.
Buchanan, and the author as Secretary. Mr.
R. Mason, now in Australia, also helped to found
the Birmingham Section.

Several meetings were held at Cardiff with a
view to the formation of a Branch. They were
organised entirely by the late Mr. Charles Jones,
who not only did all tHe work, but paid the
expenses out of his own pocket. But Cardiff
seemed to lack the necessary enthusiasm, and this
attempt gradually faded away. About eighteen
months from its formation the Association was
being run on lines which have proved most suc-
cessful down to the present day. That in itself
speaks volumes for the time and attention given
by the members of the Council, and reflects credit
on their admirable foresight and business acumen.

Milestones of Progress.
The Association now having been .firmly estab-

lished there only remains to enumerate some
of the various milestones which stand out on the



296

high road of progress. These have been very
many, and the importance of some of them is pro-
bably hardly realised to-day. But they are
destined to be of great value, particularly in our
worldwide relations.

During the first few years of the Association’s
existence, and particularly after the formation of
the Branches, it soon became clear that the annual
subscription of 7s. 6d. per member was not suffi-
cient to allow of developments which were sq
urgently needed. The Birmingham and Cardiff
Branches, realising that headquarters could not
afford to pay Branch expenses, both decided to
pay their own. Up to that time Birmingham had
met the difficulty by a subscription of 3s. per
annum from each Branch member, and, as pre-
viously mentioned, Mr. Jones had liimself paid the
expenses of the Cardiff Branch. But the parent
body continued to finance the Lancashire Branch,
and this fact brought forth comment at several
annual meetings when the statement of accounts
came to be presented. This question, together
with the desirability of printing a more extended
annual copy of Proceedings, was considered by a
sub-committee of the Association, with the result
that the following recommendation was adopted
at the Birmingham Convention in August, 1909:—

‘* That a scheme of membership be inaugurated
consisting of members at one guinea per annum
subscription; associate member at half a guinea,
and branch associates at three shillings, and all

Branch expenses to- be paid by headquarters.”
This enabled the immediate commencement of
enlarged Proceedings in their present form to be
issued annually.

At the Convention in Glasgow, August, 1911, the
Council put forward a scheme of Diplomas for the
best paper of the year read before Branch meet-
ings, believing that such .a scheme would act as an
incentive to members to write papers of an
eminently practical character. It was also hoped
to formulate schemes of awards for the whole
Association.

Growth of Branches.

The number of Branches was gradually growing,
and the inauguration of a Sheffield Branch in
1908 was followed by the Scottish Branch in 1910,



297

London 1911, and Halifax and Newcastle-on-Tyne
in 1912. The reading of papers before these
Branches, the authors in many cases being
eminent metallurgists, evinced a general desire
among the members for a comprehensive “ Glos-
sary of Terms,” to enable a better understand-
ing of the purport of chemical and metallurgical
phenomena. The sequel to this was a “ Glossary
of Terms ” published in the Proceedings of
1911-12, this having been prepared by a sub-
committee consisting of Dr. P. Longmuir, the late
Mr. R. Buchanan, Dr. T. Swinden, and the
author.

Another important educational question
occupied the attention of the Council at that
time, namely, apprentice training. A strong
Committee, with Mr. Sidney A. Gimson as its
Chairman and Mr. A. Hayes as Secretary, was
formed, and, largely owing to the activities of
sthese gentlemen, a comprehensive scheme was pre-
sented at the Convention in June, 1915. It was
hoped and expected that it would be possible to
expand this work still further, so as to formulate
a definite curriculum for both shops and nigh.t-
class training. But unfortunately the exigencies
of the war cut short any further work on the
matter.

In addition to services rendered in time by
members of Council, some had furthered its in-
terests by presentations, such as design and dies
of crest for the Association by the late Mr.
Charles Jones, of Cardiff, for use on the Asso-
ciation’s notepaper. Badges were also made to
be worn by members at Conventions, etc. But at
the London Convention, in June, 1916, Mr. Mayer,
of Dumbarton, the then retiring President,
presented to the Association a valuable and beau-
tiful President’s gold chain of office, with links on
which to engrave the names of the successive
wearers. This was duly handed over, together
with a properly drawn up legal deed of gift set-
ting forth the terms of the present, and this
chain was worn for the first time by Mr. J. Ellis,
the incoming President.

Increased Fees Bring Prosperity.

In 1909, when the scale of members’ subscrip-
tions was increased, there were those who pro-
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phesied a great reduction in membership, and
thereby a shrinkage in funds. This, however,
proved to be unfounded, for both membership and
funds increased rapidly, and by 1915 the Asso-
ciation had 1,047 members as compared with 448
in 1909, and the balance at the Bank in 1917 was
such as to warrant an investment in War Loan
to help the nation to the extent of £350.

International Connections.

The Great War of 1914 to 1918 militated against
many things being done which might otherwise
have been undertaken. Yet at the end of it an
event took place which, though on the surface
may appear to have little or no connection with
the Association, bids fair to have far-reaching
effects in our endeavours towards international
relationship.

At the end of October, 1918, at the invitation
of the British Ministry of Information, there
sailed from America a party of American indus-
trial Press representatives to inspect the battle-
fields, but who at the same time were specially
interested in the industrial activity of Great
Britain. Among the party was Mr. H. Cole
Estep, of “ The Foundry,” who during his tour
of inspection of plants got in touch, as far as time
and circumstances would permit, with several
members of this Association. His return was fol-
lowed in the next year, 1919, by a visit from his
colleague, the late Mr. A. O. Backer,t, and in 1921
by Mr. John Penton. The visit of Mr. Backert
synchronised with his Presidency of the American
Foundrymen’s Association, and as such he was
warmly received and entertained officially by
members of our Association at Sheffield, Coventry
and Birmingham. Mr. Backert, as many of you
know, was a most charming man, who endeared
himself to everyone he met, and he carried back
to America a very keen appreciation of the
position our Association held. This appreciation
he soon turned to the mutual benefit of both the
American and British Associations by suggesting
that there should be an annual exchange of Papers
between the two countries, these papers to be given
at the respective Conventions. This suggestion
was warmly received, and the first exchange paper
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was given by the. late Mr. G. K. Elliot on behalf
of the American Association at the Blackpool
Convention of June, 1921. In the following year,
1922, Mr. Oliver Stubbs, then our President, and
the late Mr. Thomas Firth, visited the States, to-
gether with the author, who attended the Roches-
ter Convention and presented the first paper on
behalf of the British Association.

At the Birmingham Convention in the same year,
June, 1922, which immediately followed the return
of these gentlemen from the States, Mr. Stubbs
held a private luncheon at the Midland Hotel,
Birmingham, at which representatives of America,
France, Belgium and Britain were present in the
persons of Mr. Stanley G. Flagg, Junr., U.S.A
P.P., A.F.A.; Professor Touceda, U.S.A.; Mr. E.
Ramas, France (President of Foundrymen’s Asso-
ciation) ; Mr. E. V. Ronceray, France; Mr.
Leonard, Belgium (President of Foundrymen’s
Association); Mr. Yarlet, Belgium; Mr. H. L.
Reason, President I.B.F.; Mr. Frank Somers,
Past-President, Staffordshire Iron and Steel
Institute; Mr. F. J. Cook, Past-President, I.B.F.
and Staffordshire Iron and Steel Institute; Colonel
Oheesewright, D.S.0., of The Foundry Trade
Journat; Mr. T. H. Firth, Past-President, I.B.F.;
Mr. Cole Estep, Cleveland, Ohio; Mr. Y. C.
Faulkner, Editor of The Foundry Trade Journal;
Mr. Oliver Stubbs, Past-President, I.B.F.

There grew out of this meeting a movement for
closer cordial relations between Societies holding
similar ideals, a movement of a wide and inter-
national character which has now become firmly
established.

The Research Movement.

Coming back to the history of the Association,
the need jhad been felt for a long time of an
Information Bureau and of some sort of facilities
for the carrying out of research work. There had
been given "to the Association the results of
research work by Coe, and also those that had led
up to the “ Network” Formation of Cementite
and Phosphide Eutectic and the action of Blast
in Cupola Working. This data, however, had been
the result of individual effort and not directly
the outcome of the Association. The matter was
considerably influenced by a paper given at the
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Sheffield Convention in June, 1918, by R.
Buchanan, entitled *“ A National Information
Bureau for Foundrymen.” As the result of this
a special committee was appointed by the Council
in August of the same year to deal with this
matter. Great consideration was given to the
matter from all aspects, and the committee were
convinced that a body with a much wider scope
than the Association was needed adequately to
cope with the subject. Steps were then taken to
form a Research Association under the auspices
of, and in conjunction with, the Government
Department of Scientific and Industrial Research.
This Association came into -being in 1920, and is
an institution of which the Association is justly
proud and in the working of which its members
are taking a prominent and important part.

The Royal Charter.

At the same Council meeting, in August, 1918,
a committee was formed to consider the question
of applying for a Royal Charter This was a
tedious and costly business. But largely owing to
the untiring efforts and perseverance of the late
Mr. Thomas Firth, the Charter was secured, and
without any financial responsibility to the Associa-
tion.

The expenses of the Association naturally grew
with the expansion and wider scope of its work,
and during the year 1920 expenditure outran the
income by £165. It was considered essential that
a paid Secretary with an office in London should
be appointed, and for this purpose, together with
a desire to see the Association on a sound finan-
cial basis, the Convention held in London in
August, 1920, passed the Council’s recommendation
to increase the membership fees to Members
two guineas, Associate Members one guinea,
and Associates half a guinea. It was also decided
to institute a new form of membership under the
head of “ Subscribing Firms ™ at five guineas per
annum, and this action has added considerably to
the prestige and scope of the Institute’s activities.

Oliver Stubbs Medal.

At the Blackpool Convention in September, 1921,
the President announced that the National Iron-
founding Employers’ Federation had been pleased
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to offer a sum of £200 to be invested in the name
of the British Foundrymen’s Association, the in-
terest from which should provide for a gold medal
called the Oliver Stubbs’ Medal, in appreciation of
the esteem in which that gentleman was held by
both Associations and this medal sliould be awarded
annually to_ a member of the Institute who had
shown sufficient merit to warrant it. This gift was
gratefully accepted, and a sub-committee, under
the chairmanship of Mr. Carey Hill, of Coventry,
formulated rules to be adhered to in making the
annual award. The first recipient under this scheme
was the author, at the Birmingham Convention
in June, 1922.
Foundry Exhibition.

That Convention of 1922 was important in
other ways, for it was in conjunction with that
meeting that the first Foundry Exhibition sup-
ported by the Association was undertaken. It was
there that Oliver Stubbs, as before mentioned,
forged and welded the link of internationalism.
The Exhibition was a great success, and at the
Convention Papers were given by representatives
from France, Belgium and the United States of
America.

In the same year, 1922, W. Mayer again gave
expression of his continued interest in the work
of the Association by presenting funds, the interest
from which would provide medals, to be called the
“ Surtees Medal,” to be competed for annually by
the Scottish and Newcastle-on-Tyne Branch
members.

The international side of foundry work was
steadily gaining ground, and in 1923 an inter-
national gathering was held at Paris, at which
many of our members were present, as well as a
large party from the United States, who previous
to going to Paris, made an extended tour, and were
officially entertained by our members in London,
Sheffield, Manchester, Birmingham and Coventry.
During 192b the second international meeting took
place at Detroit, U.S.A., when a fair number of
our members attended. The exchange Paper was
given by Mr. J. Shaw, and it is very gratifying
to know that both he and Professor Turner were
presented with gold medal awards by the Ameri-
can Association.
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No account of the work of the Association could
be considered complete that did not pay a special
tribute to the loyal, enthusiastic work of the
honorary secretaries. The Association has been most
fortunate in being able to attract men to this
position who hifve laboured for the good of the
cause in a whole-hearted fashion.

Mr. Finch, the first secretary, held the position
from the formation of the Association till August,
1907. In this year he was followed by Mr. J. E. H.
Allbut, who continued to hold the office till he was
relieved by Mr. E. A. Pilkington in 1913. In 1918
Captain Alexander Hayes was appointed to the
office.

During this time the work of the Association
had grown to such an extent that it became neces-
sary to employ a paid secretary. A special com-
mittee was formed to consider the matter, and in
1920 it was decided to elect Mr. W. G. Hollinworth
as secretary and open an office for the Association
in London. Owing to ill-health, Mr. Hollinworth
had to retire, and the position was occupied by
Mr. T. Makemson, the present secretary, in
December, 1926.

Looking back over the long years, one cannot
but be impressed-with the fact that the formation
and destiny of this Association has been carefully
and wisely looked after by men of outstanding
merit and ability, both on the scientific and prac-
tical side of the industry, and to have been asso-
ciated with such pioneers is a lasting delight to
the author of this review.

DISCUSSION.

The Chairman (Mr. S. G. Smith) said the
address by Mr. Cook had been delightful, and
would be looked upon as a historical event. It was
suitable for printing separately and sending out
to the Branches. The address revived memories
of the past. His first acquaintance with Mr Cook
began in 1908, when Mr. Cook persuaded him to
give one of his earliest Papers at the Birming-
ham Conference of the Institute, and they had

»
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*' been in close association ever since. Mr. Cook had
been actively interested from the beginning, and
was one of the hardest workers for its welfare.

Future Progress Depends on Membership.

Me. Otriver Stubbs said it was sometimes sug-
gested that the conduct of the affairs of the In-
stitute was carried out by too few people, and
too little work left to other members of the
General Council. The reply to that was that other
members would not take up the work. There were
Past-Presidents who, after they had closed their
term of office, did not continue to take an interest
in it as they ought to do. To a certain extent
that remark applied to the Branches as much as
to the General Council.

They were expecting the new General Secre-
tary, Mr. Makemson, to undertake propaganda
work, and to assist him Mr. Cook’s address should
be reprinted and distributed widely. It pre-
sented reasons why both firms and individuals
should join the Institute. He believed the work
done by the Institute had accomplished more to
maintain peace in the foundry industry than the
joint conferences specifically held for that pur-
pose. But it had to move onward, and the only
way to continue improving was by bringing in
fresh members. Considering the hard times
through which they had been passing in the last
three years, the membership had kept up re-
markably well. Indeed, when one saw the
numbers who were passed for membership at each
General Council meeting, it seemed siirprising
that the membership did not actually increase,
hut, unfortunately, the newcomers only replaced
those who had resigned or dropped out through
inability to pay the subscriptions. He sym-
pathised with men who had to look carefully at a
guinea or two guineas in such hard times. But
in the near future the Institute would recover
any ground it had lost. The first step should be
to leave the meeting with their minds made up
that they were going to get more members. Men
of some education were wanted. Let them be
given Papers of a character not too academic, so
that they might feel they were making some pro-
gress, and the work would not be in vain.
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Double Office.

Me. H. Sheebuen, after expressing liis father’s -
regret at not being able to attend and meet his
old friends, with whom he became acquainted
through the British Foundrymen’s Association,
said at one time his father was both President
and Secretary of (the Lancashire Branch. Hap-
pily those days were past, but for some years
the position of the Lancashire Branch was full
of difficulties, and anything but pleasant. One
of the best men they had ever had was Mr.
Kenyon, who, unfortunately, because of ad-
vancing years, oould not now take the same in-
terest in the work that he used to do. Perhaps
that reason explained why some ex-Presidents
of the Institute who were pioneers of the Insti-
tute were no longer active in its cause. Mr.
Cook was a brilliant example to the contrary;
he had been acting right through the piece, and
still carried on with undiminished vigour. That
afternoon he had contributed a valuable address
to which the maximum publicity should be given.

Me. Haigh remarked that he had been a
member of the Lancashire Branch since 1906. All
through the members had regarded men like Mr.
Cook and the late Mr. Robert Buchanan as
leaders and directors in the movement. But he
wanted now to appeal to the young men in the
foundries. At the present time it was difficult
to induce skilled operatives to take an interest
in it. The people in executive positions, the
scientific people, the men who held administrative
posts, had become interested; it was time the man
on the floor or the bench was brought in also. In
his opinion the Institute was suffering now
through the practical not being linked up with
the academic and technical.

Mr. T. W. Maekland said the outstanding
feature of the work of the Institute was that it
was educational, and he thought the young men
were beginning to realise that. Proof of his state-
ment was given by the Junior Section. The con-
ditions to-day were very different from those
which prevailed thirty or forty years ago. Men
were seeking knowledge, they wanted to be
educated, and the Institute would help them.
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Mr.T. Makemson said a history of the Institute
was needed ; the information available about its
early days was very scanty, so they had reason to
be glad that Mr. Cook had had the time and the
inclination to prepare this address. No one was
better qualified to do so, because he had him-
self taken part in most of the events of those
ea~' J— 1le Institute.

mentioned that after 1909, when
the subscriptions were increased, the membership
rose. A few years ago the subscriptions were
again raised, and the membership again increased.
However, he did not suggest the inference was
that they should make a further increase in order
to get additional members. But there were many
people outside to whom membership of the Insti-
tute should be invaluable. Besides the educational
advantages in the form of Papers, there was the
great benefit derived by associating with other
people engaged in the same industry. There was
plenty of work for the Institute to do. The more
members they had, and the more enthusiastic they
were, the better it would be for all.

Vote of Thanks.

Mr. J. S. G. Primrose said if Mr. Cook would
tell them something about the Conventions, it
would be a most interesting sequel to the pre-
sent Paper. He remembered seeing Mr. Cook at
the Glasgow Convention in 1905, and had the
privilege of showing Mr. Cook and other members
something about metallography. The British
Foundrymen’s Association was the first society
that met in the Royal Technical College, Glasgow.
Mr. Buchanan gave his second presidential
address.  An appendix giving a list of the Con-
ventions and the names of the Presidents,- in
addition to the Secretaries, would be a useful
addition to the Paper. Mr. Cook might also
favour them with a list of the honorary members.
He moved that a hearty vote of thanks be given
to Mr. Cook for this Paper.

Mr. R. A. Mires, in seconding the motion, re-
marked that some members of the Lancashire
Branch had also interesting reminiscences.

e Mr. G. Hair said he was a member of the
London Branch, and, while expressing on his own
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account his appreciation of the address, he would
suggest to Mr. Faulkner that he should induce
Mr. Cook to repeat it (to the members of the
London Branch.

Mr. Cook said at one time there was" trouble
which looked like wrecking the Association, but
it was grappled with. The first secretary was
Mr. Finch; he was followed by Mr. Allbutt; then
came Mr. Pilkington, junior. Those three were
honorary secretaries. The fourth secretary,
Mr. Hayes, had a certain amount given to him,
but it was very small compared with the extent
of the work done. A great deal of the success of
the Institute was due to the work of (those three
honorary secretaries, and he did not know how
they managed to get through that work. It had
to be done at night, because they were engaged
in business the whole of the day.

He had no hesitation in saying that the Insti-
tute was going to have a good time in the future.
For some time past he had felt that propaganda
work for getting in new members was lacking.
In that respect there should be an improvement
now, because they were on the right lines for
getting such work done. That applied also to the
men in the shops to whioh Mr. Haigh referred.
It was a difficult matter, and he had given much
time and thought to it. His conclusion was that
they must try to get the foundry people when
they were young; if they grew up with the In-
stitute, they would not want to leave it. That
great strides had been made since the Association
was founded became apparent when one considered
the state of knowledge in the foundry trade at
that time. To the foundryman then pig-iron was
pig-iron, and cast iron was cast iron ; he did not
trouble himself about the elements in it. In order
to enlighten the people in the industry somewhat
a glossary of terms was published. He did not
think any association of an educational character
in this country could claim to have progressed in
its educational work to the same degree as the
1.B.F.



London Branch.
PRESIDENTIAL ADDRESS.

By R. J. Shaw.

The London Branch of the Institute of British
Foundrymen held the first meeting of its 1926-27
session at the Engineers’ Club, Coventry Street,
W .l, on September 23, when Mr. R. J. Shaw, the
new Branch-President, delivered his Presidential
Address.

Induction of New President.

Mr. Geo. C. Pierce (the retiring Branch-
President), who occupied the chair at the opening
of the proceedings, introduced Mr. Shaw. It
gave him the greatest pleasure, he said, to do so,
although Mr. Shaw was so well known to the
members of the Branch that an introduction was
really unnecessary. He felt that the Branch had
made a worthy choice in their new President, and
was confident that Mr. Shaw’s year of office would
be a very successful one.

Mr. Shaw then took the Chair, and was
received with enthusiasm.

Presidential Address.

Mr. Shaw, expressing thanks for his election,
said he appreciated the great honour conferred
upon him. He was a very keen member of the
Institute and had its interests very much at heart,
and assured the members that he would do his
very best to further the interest of the Branch
during his period of office. He then delivered his
presidential address.

THE PRESENT STATE OF OUR INDUSTRY.

Mr. Pierce and Gentlemen,—You will remem-
ber that last year the retiring President, Mr.
Pierce, addressed you on “ What is Wrong with
Our Industry,” and much that | have to say to
you this evening can be taken as an extension of
that address although it has a slightly different
title, and is perhaps examined from another angle.



Tt seems to me that although a great deal of in-
formation concerning the metals and processes,
which are in common use in our industry, is avail-
able, that for some reason we are not making the
progress that we ought to.

Metallurgists, both practical and scientific,
have enormously increased the knowledge avail-
able for use in the successful handling of the melt-
ing, casting and heat treatment of those metals
which we, as founders, have to use daily. They
have given us in the case of aluminium, stronger
alloys with less liability to corrosion, and in the
silicon-aluminium alloy one which has much less
contraction—it has about the same contraction as
cast iron Toth inch per foot. This is an exceed-
ingly important property where long, thin cast-
ings have to be produced. “ Lightness,” that
quality which has always made aluminium so
fascinating a material, has also received attention,
and additionally there is magnesium, which is
nearly 40 per cent, lighter, being used for the
pistons of internal combustion engines, but we
require in all these alloys less liquid shrinkage
before routine work in the foundry will be per-
formed with certainty. In the case of the brasses
and bronzes we have been shown the importance
of the analysis of the raw materials, and the
powerful effect of very small amounts of impuri-
ties has been proved by physical tests and micro-
scopical examination, and foundrymen will no
doubt be called upon to supply gunmetal and
bronze castings having higher physical tests than
at present.

Steel.

Steel, as used for castings, has always been
closely under the control of practical metallurgists
who have been able to reduce to practioe the re-
sults of years of research work by their learned
colleagues, and therefore it is handled with much
more certainty and retains its high place in the
productions of the engineers.

Cast lIron.

Cast iron has of recent years been receiving a
more reasonable share of attention and research
than in the past; due mainly to the fact that it
has been recognised as a very useful material,
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which is not too difficult to handle in actual foun-
dry practice—a very important point indeed when
some of the complicated castings of modern engi-
neering designs have to be made; and progress in
its improvement has been most marked, but | do
not think the foundry industry can take much
credit for initiative in this matter, as until
Diesel engine makers, and other engineers de-
manded better material we jogged along producing
very indifferent cast iron, but to-day we are asked
for tests of 16 tons tensile in pistons, 13 tons in
flywheels, and 12 tons in cylinders by automobile
manufacturers, and for oil-engine work, material
which, in addition to being strong has heat-resist-
ing qualities, that is, will not “ creep ” or grow
under the influence of high temperatures. These
requirements are only being met to-day by those
foundries where the foundry manager makes the
fullest use of available metallurgical and mech-
anical aids, such as special cupola practice; treat-
ing the melted iron in the receiver; jolting it in
special receivers; pouring it into heated moulds.
All have the same object in view, namely, an
improved material, and in this connection it has
long been known that the state and quantity of
the carbon had a great influence, on strength,
but though silicon, phosphorus, manganese and
sulphur could all be controlled under works con-
ditions within fair limits, carbon was a very dif-
ferent proposition, and the patented process which
has been most discussed, and in which you have
all been so much interested is a definite attempt
to ensure that cast-iron castings have correct
material in its best form of crystallisation. It
seems here desirable to remind those who think
mostly in terms of silicon, phosphorus, sulphur
and manganese, when deciding on a suitable
analysis for a certain casting, and who know by,
say, lowering the silicon and phosphorus, etc., that
they get a stronger material, that in so doing they
were really adjusting these constituents in the
cast iron, so that the carbon could take up its
best condition. Now if in their attempts they had
gone a little too far in the reduction of silicon
and produced a casting, quite sound, but too hard
to machine, it is conceivable that if they could
have cast it m a hot mould they would have had a



casting of grey cast iron and of machinable
qualities, having the carbon so disposed that a
pearlite structure resulted. Many of us who have
used heated moulds for years on special castings
must admit that we did not do it for this definite
purpose, but for insuring against a blown or mis-
run casting, especially in the case of a casting of
intricate design and thin section. I point out
this to show how this one step forward from what
was ordinary procedure when mating good
materia], has resulted in that definite structure
associated with greatest strength, being obtained
with regularity under practical workshop condi-
tions.

And now, having somewhat sketchily indicated
to you that the scientific side of the industry is
going forward, | would remind you that, although
many of these improvements have been initiated
by engineers in the foundries of their own estab-
lishments for their own productions, engineers
generally will act on them and demand from all
foundry men similar material. They are very
much alive to the fact that a reduced weight with
improved reliability and lower freight-charges are
very great aids to selling their machinery, and
the question arises, have we labour sufficiently
skilled and well-directed, with the necessary metal-
lurgical and mechanical aids to enable us to
“ deliver the goods”? If we compare the skill
of our craftsmen, moulders and coremakers with
othei; skilled workmen in the engineering trade
from a handicraft point of view, it is at least
equal or superior, but as to technical knowledge
foundry workers are found lacking, and it is, as
our American friends say, “ right here ” where the
weak spot exists. | cannot see how we are to use
the technical knowledge available at present if
our workmen have not, for instance, the elemen-
tary knowledge of science to enable them to listen
with understanding to a lecture on cast iron, or
any of the other materials they use in their daily
work. It is not fair that we should be continually
asking that lecturers should speak in “ foundry
language.” Scientific men, as a rule, are concise
and exact in speech, though perhaps some of them
may have a happier manner than others in pre-
senting their subject, but I do not think the mem-
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bers of any trade should confine themselves to mere
handwork, as so many of ours do. A good-looking
mould is, of course, desirable, but it will not pro-
duce a good casting unless it has been planned to
resist the scouring action and the pressure of the
metal to be poured into it. | have often tried to
interest young men in the metallurgical and mech-
anical side of their work, but with indifferent re-
sults. It seems to me that the trouble is that
elementary schools are not very successful in
teaching boys the relationship between some very
simple scientific facts, and their application to
everyday workshop processes, and so boys, when
they arrive in works, have very little to interest
them, and after a few weeks they drift with the
rest, even those young workmen whose tempera-
ment and ambition lead them to aspire to become
foremen want to be foremen first, and take a little
mild technical instruction afterwards. If we are
to go forward and make real use of the scientific
information which is now available, our boys and
young men will have to take advantage of our
technical schools, lengthening their hours of work
by study and shortening their hours of play, for
there is no royal road to learning.

In addition to this, the industry does not seem to
be able to attract to it sufficient apprentices,
though I do not think it is much worse than other
skilled trades in this respect. The trouble seems
to be that parents nowadays want their sons to
be salesmen not producers. It is so much cleaner
and better paid. This latter point is becoming
more prominent, and it seems probable that in the
future the middleman will have to take a more
reasonable share from the products of industry
than he does at present.

Managers and Foremen,

Are those in control of foundries keeping up to
date and able to translate into practical use the
knowledge available? | think this extremely
doubtful when it refers to men who have been
trained as moulders, for in spite of some brilliant
exceptions far too few deliberately aim at and
prepare themselves for responsible positions.
Foundries are such easy places in which to lose
money that owners give grave consideration to the
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matter before entrusting their foundry to any
applicant. The foreman who can *“ mix by
analysis ” is an improvement on the one who
extracts his mixtures from his grandfather’s note-
book, but it is also necessary that he should know
of the differing qualities required by engineers in
their various castings and the best analysis to
obtain them, though unless he has supplied to him
the correct analysis of each parcel of pig-iron and
scrap and can have his actual mixture checked by
analysis | do not see how he can fully utilise this
knowledge. It follows, therefore, that he must
have the aid of a chemist, and | believe it to be
beyond doubt that even a very young chemist
capable of performing physical testing and
routine analysis within reasonable commercial
limits can be an economy in a foundry producing
20 tons per week of good-class engineering cast-
ings, but he can only be used to advantage when
the manager or foreman knows his job. Consensus
of opinion is that a chemist should be on every
foundry staff, but in some cases he has not been
a success, and | have heard a Past-President of
this Institute express the opinion that a chemist
would have to undergo a training in foundry
practice before he would be of any use in the
foundry. Now this can only be true if the young
chemist has had thrust upon him duties and
responsibilities which only years of experience of
the various castings required by engineers would
enable him to perform satisfactorily. | cannot
suggest any other reason why the foundry
chemist should not be a success, and you will note
that the reflection is on the management. It is
well to remember that the difference in cost
between very mediocre cast iron and very good
cast iron is negligible, when the analysis of the
raw materials furnished by the chemist are
utilised by one who knows what is required for a
certain casting or types of castings, so that almost
in a single step a foundry not only produces a
material suitable for high-class castings, but at
the same time eliminates a fruitful source of
friction between the moulders and the manage-
ment, as happens when good metal is given
them with regularity. | ought perhaps to have
made it clear that a great deal of what I have



just said applies to the foundries of moderate
size whose output is mainly jobbing castings. The
larger foundries and those who specialise in light
castings, rainwater goods or pipes are usually run
by specialists, and are reasonably well organised
and much better equipped with machinery than
the foundry of moderate size.

Modern Plant.

Now this question of mechanical aids in the
foundry is of the highest importance because
although primarily their object is to enable men
to produce good work with regularity so that
results are more certain, yet up to the present
they do not seem to have reduced the hard manual
labour which is associated with foundry operations
as they ought, and when we compare the small
amount of energy expended by iron turners,
milling and other machine operators with that of
our craftsmen it is apparent that here we have
another possible explanation of why we cannot
attract a good type of boy to the trade or retain
men when in it, for it is an undoubted fact that
many are leaving it to take up semi-skilled work.
Contrast starting time each morning as it affects
the moulder and the machinist; the latter pulls
the belt lever over and starts. The moulder has
probably to assist in knocking out his boxes, pre-
pare his floor, and if his castings appear satisfac-
tory he is onUj physically tired before starting to
make moulds, but if a few wasters have turned
up during the knocking-out process he is also
mentally dispirited, and not in the best form to
proceed with his day’s work. It appears obvious,
then, that any mechanical aid which will spare
our men undue exertion should be installed in our
foundries. Sand-preparing plant which will clean
the sand from iron, in addition to mixing it, ample
crane units, runways, sand-blasting barrels, or
those of the table-type form (I do not think those
of the room type should be encouraged), and all
the other apparatus, examples of which were to
be seen at the recent Foundry Exhibition held in
London. Foundry buildings also should be well
lighted and fitted with plenty of plug connections
for handlamps. This also applies to air supply
for blowing out moulds, but what we require most



is plenty of space. We might well consider the
advisability of having our shop large enough to
enable the men to work in one-half of it to-day
and prepare the other half for to-morrow. Just
think how orderly it would be for a man to pick
up his tools and cross the shop to a floor all cleared
and with ample sand ready, instead of having to
start amid all the bustle of labourers knocking
boxes out. It would all conduce to the produc-
tion of sound, reliable and well-finished castings,
such as would reflect credit on the industry.

Costing and Selling.

It would be pleasant to end on this note, but
in this commercial age, when everyone seems to
be interested only in the cheapest articles they
can buy, we must “ count the cost.” It is this
counting of the cost that adds so much to the
worries of the managers and foremen, and while
it is imperative that production cost should
be taken very thoroughly, a better spirit might
be infused into it if foremen were shown how the
extra shillings mounted up when overhead
charges are added. We are to have the pleasure
of hearing a Paper this session by Mr. Bagshawe
on this subject, and | commend this question of
costing to your notice because as an industry we
are hopelessly behind the times in this matter,
and buyers of castings have, and cannot help but
have, a low opinion of our business capabilities
when they compare the widely different prices
quoted for the same casting. It is impossible for
foundries to price their castings at so much each,
but it is not impossible to draft a sliding scale
of prices which will be just and equitable to both
the buyer and the foundry, not that buyers in the
engineering industry evince any eagerness for a
sliding scale, their idea is an all-round price per
cwt., and this is one reason why we drag at the
heels of the engineering industry. Yet they sub-
ject our products to the closest scrutiny, in the
larger shops by inspection departments and in the
smaller by the foremen in charge, and these do
not take any risks, neither does the purchasing
department. The last-named makes quite sure
the price is right, and an all-round one per cwt.
That slogan to which engineers stick so grimly
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and on which they have built successful businesses,
leaving the foundry trade as an industry
impoverished. | doubt if 10 per cent, of our
foundries are making profits. How, then, can an
industry so financially embarrassed afford up-to-
date plant, clever staffs and a reasonable liveli-
hood for all those engaged in it. | suggest
to you that strong efforts will have to be made
in the near future to impress upon engineers that
we will meet what they are demanding in their
castings, but that high-grade workmanship and
regularity in quality of material cannot be main-
tained unless they are prepared to be more reason-
able with regard to their methods of paying for
it. At present when one undertakes the supply
of castings to a new customer on an all-round price
per cwt. basis, it is a sheer gamble, and when
badly designed and badly made patterns are
included the founder is a certain loser. | think
most of the blame for this state of affairs rests
with ourselves, and without doubt has been due
to a lack of costing, for | cannot think that
anybody would persist in supplying an article
below cost if he knew the truth of the matter.
It has been said truly that the finding of costs
accomplishes two things. Firstly, it tells you what
must be charged for your castings in order to make
a profit, and secondly it tells just where the money
goes.

Those who take costs are fully alive to the bitter
truth of the second, and we have to thank those
who do not take costs that we can make little use
of the first.

Therefore, gentlemen, let us continue our efforts,
both scientific and practical, to improve our
product so far as our present impoverished state
will allow us; but having done so, let us see that
we get paid for it—the labourer is worthy of his
hire.

DISCUSSION.

Although it is not usual to discuss Presidential
Addresses, it was decided, with the Branch-Presi-
dent’s permission, to follow the practice inau-
gurated last year, when the presidential address
by Mr. Pierce entitled “ What is Wrong with
our Industry?” was discussed.
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Mr. V. O. Faulkner (president of the Insti-
tute) opened the discussion, and said that the
Branch-President had focussed the thoughts of
the industry in the right direction, especially
when he had emphasised the necessity for adequate
costing. There was only one means of ensuring
that proper costing methods should be adopted,
and that was beyond the scope of the Institute,
i.e.,, by the formation of a very strong foundry
employers’ federation. There was just a danger
that if we had in Great Britain an employers
federation of the strength of the German
employers’ federation, it would become the play-
thing of the politicians. The federation in Ger-
many had 1,400 members, although there were
only 1,600 foundries in that country. They had
their own co-operative buying arrangements; they
simply dealt with the pig-iron ring when buying
pig-iron; with the coke ring when buying coke,
and they had a selling price-fixing arrangement
based on a unified costing system, with district
modifications. They were so strong that they
invited their best customers, such as the railway
companies, to take costs for themselves and com-
pare their figures with those obtained by the
system they (the employers’ federation) had
evolved. At the Dusseldorf Exhibition they had
shown curves based on their system and curves
obtained by independent auditors, and it was very
interesting to see the curves of the auditors lying
between the synthetic curves of the founders.

The method adopted by employers in America
was to appoint one auditor to put the same cost-
ing system into the works of one locality, and
that seemed to be the only feasible way of tack-
ling the matter in Britain.

A Proposed Junior Section.

With regard to the apprenticeship question,
that was very much in the minds of the Branch
Council at the present'time. The Council had
had a demand from some of the foundry appren-
tices for the formation of a section for them,
similar to those in existence in other large
centres, and a meeting was to he held during the
following week to explore the possibilities. There
seemed to he some prospect of forming such a
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section, and if they could get only 10 boys to
attend, he was convinced that there were at least
8 or 10 members of the Institute who would be

prepared to give one night a year to talk to
them.

As to the equipment of foundries, he was very
much alive to the fact that there were numbers
of foundries in this country who knew exactly
what plant they wanted, but were too poor to buy
it. They knew also that they wanted better
buildings, better lighting, and so on, but they
were simply so poverty stricken that they could
not afford it. The only way to save the founding
industry from' complete bankruptcy was to equip
the foundries properly. The industry was in
much the same position as the mining industry,
except that the mining industry knew it was
bankrupt, whereas the founding industry did not.
He had been urging for a long time that
foundries should be properly lighted, and,
although some were properly constructed, no pro-
vision was made for cleaning the windows- He
had seen something practical in that direction,
however, at the foundry of the Esperance Longdoz,
during a recent visit to Belgium, where they had
fixed up a run-way alongside the windows, and
had put an auxiliary machine on top of the crane
to enable the roof windows to be kept clean.
Finally, Mr. Faulkner proposed a hearty vote of
thanks to Mr. Shaw for having focussed atten-
tion in his presidential address upon so many
important points, which affected all the members
in their daily business.

Mb. Hobace J. Young, Who seconded the vote
of thanks, said he had heard a good many presi-
dential addresses throughout the country from
time to time, but he really believed that Mr.
Shaw, in about a quarter of an hour, had delivered
the best address he had ever heard. He did not
say that merely for the pleasure of saying it, but
because he really and truly believed that every
one of the things he had said in such a clear
manner—things which he himself would not have
dared to have said (laughter)—was correct. He
had never heard a President of any Branch say
what was really true about the foundry trade.
First of all, Mr. Shaw had said very plainly that
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we were ignorant. That was quite true. The
chemists were ignorant; they knew practically
nothing about cast iron, and yet one could go
round the country and find people who thought
they knew all about it. We were just on the
fringe in regard to cast iron, and until the foun-
dries supported inquiry into it we should remain
in that position. The Branch-President was also
perfectly right in saying that it was possible for
science to save money in the foundry. During
the last six months he himself had come across at
least four foundries which were wasting an enor-
mous amount of money on pig-iron and coke, and
were turning out absolute rubbish, because they
had old-fashioned mixtures. They were paying
extravagantly for materials they did not know
how to use. With regard to the engineers and
their influence upon the price of castings, he as-
sured the Branch-President and all concerned that
nobody was rubbing it into the engineers more
than he was. The foundry trade was simply a
sweated trade, but he did not think the foundry-
men had been able to help it; it was the fault
of the engineer. On the other hand, very big
first-class castings were needed, but as the result
of the sweating, nobody was able to supply them;
as the result of the sweating, foundries had not
employed science, and now that it was required it
was not available.

Training of Apprentices.

W ith regard to the training of boys, he referred
to classes which he had conducted in the North of
England, and said that the very great success
which could be attained in that direction was
surprising. One did not get any thanks, however,
and if anybody in the London Branch started a
Junior Section, or helped boys, and expected to
get thanks, he was starting with an entirely
wrong point of view. One’s reward, however, was
to be found in the results obtained. Several
years ago he had had a class of 73 boys from the
foundry and the engineering shops, and had
started lecturing them in the orthodox manner,
but soon became aware that none of them seemed
to understand what he was talking about. There-
fore, he had altered his methodsi had supplied
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them with paper, and had asked them to write
down ttio answers to various questions. In the
first place he had asked what was meant by 5 per
cent., what was 5 per cent, of 98, and what was
5 per cent, of 102. Out of the 73 apprentices, only
three could answer correctly, and those three were
premium pupils. At the end of three lessons, how-
ever, they were able to answer all sorts of ques-
tions'. There was then a very great improvement,
and it was possible, out of the 73 lads, to pick
out 13 who were worth taking further. That was
the point; it was useless educating the lot; we
had to have working men, and he considered they
were best left alone, .but if we picked out the
good ones and educated them, we should produce
foremen and chargemen, and perhaps managers.
If the London Branch formed a Junior Section, it
would get the best, and there was no need to
worry about the rest. With regard to the pos-
session and application of scientific knowledge in
the foundry, he did not agree with the Branch-
President in blaming the working man or the
foreman. His experience with the companies of
this country was that if there were an intelligent
managing director, whose word would go, it did
not matter about anybody else. If the managing
director had got the pluck or the knowledge to
say that he was going to have a thing done pro-
perly, evorbody else in the works—the works mana-
ger, the foremen and the rest—would gain the
managing director’s enthusiasm, and good results
would accrue. Nearly all the managing directors
were financial people, however, who neither knew
nor cared anything about cast iron. Some years
ago the question of cast iron had been raised in
the British Parliament, but there was not one
Member of Parliament who was able to say one
word of common sense about it. (Laughter.) In
a final compliment to the Branch-President, he
said he had put so much truth into his remarks
because he understood the problems of the indus-
try. If there were more people such as the
Branch-President in the foundry trade, we should
do a great deal better.

Demarcation Disappearing.

Mr. A. H. Mundet, in his capacity of Chairman
of the London Local Section of the Institute of
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Metals—lie is also a member of the London
Branch of the Institute—offered the greetings of
the former body to the new Branch President,
and expressed the hope that the annual joint or
corporate meeting of the two bodies was an earnest
of the desire of both the practical man and the
scientific man—two very much overworked and
badly-worked phrases—to merge their interest?.
He could not, and would not, separate the two.
He did not like putting the practical man into one
watertight compartment, and the scientific man
into another; if the practical man could not be
a scientific man. and the scientific man could not
be a practical man, then the outlook was hopeless;
but the sort of co-operation which was evinced
between them was the surest sign that they were
moving forward on the right lines. The Branch
President, in his address, had indeed provided a
a good deal of food for thought. In the first place,
the Branch President had made the admission
that foundrymen as a body were ignorant. |If we
started out with such an admission, it was one
of the surest signs that we were going to learn
something. There were men present who were
old enough to remember the time when the
foundry foreman and the foundryman thought he
knew everything, when the man who went into
the foundry as a metallurgist was considered a
mere highbrow, who knew nothing, and who was
only a general detective working in a laboratory
with test tubes and so on, just to say how much
carbon, or copper, or something else, there was
in the particular charge of metal that was being
operated on. It was at that time considered
an impossibility for anyone but a foundryman to
say anything about the characters of metals, their
whims and fancies, their weaknesses and their
strengths, and he was sure that foundrymen to-day
would admit the truth of that.

Training Apprentices.

Dealing with the training of boys, he said, as
one who, for twenty-five years, had been a lecturer
in metallurgy to engineering and foundry
students, that the position of the young men in
London who wanted to know something about
metallurgy was not so desperate as some people
might think. One of the great reasons why we
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did not get good foundry apprentices was that it
was a dirty, uncomfortable, ill-paid business and
unless the young man could see somev prospect
of getting away from it pretty soon, and getting
on to the actual carrying out of the work, he did
not want to stay and serve out an apprenticeship.
There was not sufficient inducement, and that was
one reason why all engaged in the trade, whether
foundrymen, foremen, or employers, ought to see
to it that the work was made more acceptable
to the young men, that it was better paid, that
a young man should not be treated as an outsider
because he worked in the foundry, but should
be treated as well as, and should mix with, other
young fellows, just as if he were employed in the
office or in another part of the works.

Junior Sections.

He himself always took a tremendous interest in
the boys associated with him, and he wished Mr.
Faulkner good luck in connection with the Junior
Section it was proposed to form in London. At
the same time, he hoped that those concerned with
the Section would not try to educate the boys too
much ; one could not teach them in a few monthly
meetings all they would have to know, but one
could get them interested sufficiently for them
to seek out information. The boys must do a good
deal more than attend a few meetings; they must
pursue their education, but must be encouraged.
Nearly all the members of the London Branch were
in some authoritative capacity with them, and,
therefore, should encourage them to pursue their
education.  There was the question of the
boys’ expenses, hut surely employers and managers
could pay something towards their expenses, as
a means of encouraging them. He knew one
firm who saw to it that all the boys had an oppor-
tunity of attending classes that were acceptable
to the Directorate, and in cases of hardship the
boys’ expenses were always paid. Surely any
decent, self-respecting firm would do as much as
that. Finally, he wished Mr. Shaw a happy and
successful year of office as President, and felt
certain that, if that meeting were an indication
of the enthusiasm he was able to infuse, then the
year was going to be a very profitable one for
the London Branch. ).
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A National Foundry Certificate.

Mr. A. F. Gibbs was in agreement with the sug-
gestion to form a Junior Section in London, if
this could possibly be done, and added that, at
the time of the Institute’s Convention in New-
castle, two years ago, he had spoken to Mr. Young
as to the possibilities of forming such a Section.
He had had apprentices who had attended classes
for two or three years, but who had no visible
results of their training, in the form of a cer-
tificate, and he suggested, therefore, that very
soon the Branch would have to ask the parent
institute to provide for and arrange examinations
for apprentices and to award a certificate. He
had known students who, having completed their
courses, were absolutely downhearted simply be-
cause they had no certificate or other visible re-
ward for their success, so that he hoped the Branch
would take the initiative and approach the parent
body as suggested.

Foundry Economics.

Mr. A. W. G. Bagshawe (Dunstable) considered
that the solution of the foundry apprenticeship
problem was to be found in the direction of paying
higher wages to foundrymen. He was no philan-
thropist, but the moulder must be paid wages
higher than those of a skilled mechanic, and it
was for the foundry management to find ways of
doing it. That was bound up with the question
of what castings could be made for, and what they
could be sold for. He was to read a Paper before
the Branch in January on the question of costing,
and he was going to suggest in that Paper that
the best thing the foundry trade could do for
itself was to try to find and adopt a uniform
costing system. There were hundreds of costing
systems in existence, many of them good and
many of them bad, and it should be possible to
study them and to evolve from them one which
was properly applicable to the foundry business.
If foundry proprietors could sell at a price which
would give them a margin over cost they would be
able to equip their foundries properly. It was
not enough, however, merely to put in machines
to save labour and to do nothing else. They had
first to put in machines which would increase
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output without saving labour, and, having
increased output, they could look round and try
to save labour. Most of them had tried to put
in machines merely for the purpose of saving
labour, hut had found that they were no better
off for it. If they could find a way to increase
output and to pay the men more without making
them do more work, they would he getting towards
a solution of the problem. The foundry business
would always be dirty and unpleasant, and in
very many foundries, particularly the light
foundries, where casting was carried out every
day and sometimes all day, the men would he sent
home sweating every night. Therefore, the
problem had to be solved by better pay, and no
apprenticeship system would ever solve it. De-
veloping further his view that the foundryman
should receive better pay than the machine hand,
he said it was the foundryman who had to take
all the risk. When a machine hand made a mis-
take, he knew it almost the second he made it,
but if a foundryman made a mistake he might not
be aware of it for a day, or maybe longer. There-
fore, if the piece-work svstem were introduced—m
and, after all, he believed it was the best svstem—
the foundryman was taking a big risk. Those in
the foundry industry ought to try to adopt a
uniform costing system, so that they would know
the prices at which they could afford to sell, and
could ensure a margin of profit sufficient to enable
them to install proper apparatus, and so make
labour in the foundry a reasonable occupation.

The “Ford” Ideal.

Me. J. W. Gardom (Dunstable) said that every-
body seemed to be anxious to increase the
moulder’s knowledge, but in his view they were
going the wrong way about it. It would he agreed
that foundrymen had got into the habit of looking
at a pyrometer indicator and reading the tem-
perature on it, never thinking for a moment that
the reading was in milli-volts and not degrees
Centigrade. If, when trying to improve the
foundryman’s knowledge, one talked to him in
terms of money, he would understand. Mr.
Gardom agreed with the Branch-President that
the chemist was not always a success in the
foundry, but one reason was that the management

m 2
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would not pay tlie salary which a good chemist
could command. Therefore, they engaged an
inexperienced chemist, and would not allow that
inexperienced chemist to make a mistake. Com-
menting on the Branch-President’s remark that
the moulders started their day physically and
mentally tired, after having shifted their equip-
ment and puzzled over the mistakes of the previous
day, he suggested the management might arrange
to get all the moulds out the night before and
write on the moulders’ cards some indication as
to why they had made those mistakes. That would
relieve them of some of their worry, and enable
them to avoid those mistakes in the future. As
to the suggestion that each foundry should have
two floors, he pointed out that that would cost'
money, and that the same result could be achieved
by taking the sand out of the foundry and bring-
ing it back again. The firm with which he was
associated were doing their best to help their
employees, on the principle that by helping other
people they were also helping themselves. The
castings made by other foundries were sold at
certain prices, and his firm had to undersell
them; other foundries paid certain wages, and
his firm were going to pay more wages. That was
an ideal they were trying to achieve, and he
believed they were meeting with a little success,
because they were getting better people and were
educating them to produce really good castings.

Mr. Geo. C. Pierce (Past Branch-President),
speaking as one who had come more closely into
contact with the moulder at his work, perhaps,
than most of the members, and who understood
the moulder’s point of view, agreed with Mr. Bag-
shawe that if the trade offered adequate remunera-
tion there would be sufficient apprentices. He had
not the slightest doubt that the solution of the
problem would be found in the direction of better
wages. He agreed that present costing methods
in foundries did not constitute a business propo-
sition, and that unification was necessary, but
differed from the suggestion that the employers’
federations in this country were not strong enough
to remedy the position. He knew something of
the strength of these bodies, and consilered
that one of the lightest tasks they could undertake



was to ensure the adoption of a unified costing
system. As to the apprenticeship question, it was
all very well to say that the Institute could deal
with the matter by establishing Junior Sections.
Mr. Young, who was perhaps entitled, in view of
his experience, to say mast about Junior Sections,
had put his finger on the spot when be had sug-
gested that we should not bother so much about
the working man, but that we should pick out the
best- of the apprentices and train them as fore-
men, chargemen. and managers. But it would not
get the industry out of the hole it would
be in very soon. |If there were a boom in the
industry, as he believed there would be. the dearth
of skilled moulders would become evident. It was
not so much a question of training chemists, fore-
men. chargemen and managers, because the short-
age did not lay in that direction.

The vote of thanks to the Branch-President for
his excellent address was then put to the meeting,
and carried with acclamation.

Branch-President’s Reply.

The Beancb-President. after expressing his
appreciation of the vote of thanks, replied to some
of the points made in the discussion. He thanke-
Mr. Bagshawe particularly for his remarks as to
the purpose of installing machinery, because they
reflected his own views. What happened to-day
was that when a new machine was brought into
the foundry, the number of hands employed was
reduced immediately. That created disquiet
among the men, and it was altogether wrong.
Something must be done to lighten the labour of
the men, and, in addition, he did not see why a
foundry should be very dirty. Mr. Gardom had
rather misunderstood his reference to a foundry
with two floors. What he had in mind was a big.
broad, long shop, with a proper gangway along
the middle—not one that varied from day to day
—so that while work was in progress on one side,
the other side was being prepared for the next
day's work. When the work was finished on one
side, the moulders c-ould take their tools to the
other side, where they would find their boxes ready
for them. It would not entail much shifting of
boxes. Again, he saw no reason why foundries
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should not have less sand and more concrete floors,
and he had seen a foundry recently in which this
policy had been adopted with pleasing results.
Boys would not enter the foundry trade as
apprentices when they could enter a compara-
tively clean trade, and one in which they were
offered better opportunities. The boys must be
treated better, they must have better shops, and
So on, but this could not be done without money,
and, having regard to the slump which the
industry was now passing through, the money
was not available. The difficulty was that
investors would not put their money into
foundries as they were not very attractive
sources of profit. Unless the moulders were
better educated, both technically and on the
economic side, and appreciated what was involved
in conducting a foundry, it would be impossible to
get the co-operation between them and the man-
agement that was really necessary. One did find
men occasionally, however, who had some notion
that the position of the management was not
always pleasant, and that very often they were
scraping along and did not know where the next
week’s wages were coming from. After all, the
men were always sure of their wages, but it was
very difficult indeed, as a rule, to get them to
understand how small were the profits, or how
problematical. He was glad to find Mr. Bagshawe
in agreement with him on so many points, and
particularly on that of wages and conditions ; some-
how or other the foundry trade must be able to pay
better wages and attract better people to the
foundry. When that stage was reached they
would be able to introduce more machines and to
organise things better for the benefit of all;
people would then work better and profits would
accrue naturally. The saving which could be
effected when everybody was happy and things
were going all right was remarkable.

Finally, the Branch-President proposed a vote
of thanks to Mr. H. G. Sommerfield (Branch-
Secretary) for the enormous amount of work he
had done as Hon. Secretary of the Institute’s
Convention, held in London in June.

The vote of thanks was accorded with acclama-
tion, and after a brief response by Mr. Sommer-
field the meeting closed.



East Midlands Branch.

A COMPARISON OF WHITEHEART AND BLACK-
HEART MALLEABLE CAST IRONS.

By A. E. Peace (Member).

Introduction.

The history of malleable cast iron commenced
about 200 years ago when the Frenchman,
Reaumur, made what is now known as white-
heart malleable cast iron. At that period there
were only three kinds of iron known; these were
wrought iron and caet iron—obtained by reduc-
tion of the ore—and blister or cementation steel
obtained by heating wrought iron .in charcoal. It
seems probable that this cementation process was
the germ of the idea of making malleable cast iron
by substituting ore for the charcoal and thus
removing carbon instead of adding it; this sprung
up into an industry in Europe, the manufacture
chiefly being confined to harness parts, nails, and
similar small work. About 100 years later an
attempt was made in America to produce malle-
able cast iron by this process. Boyden, in New-
ark, U.S.A., spent some years trying to make
malleablecast iron, and was rewarded with suc-
cess; but thefracture of his iron was black-
heart instead of whiteheart. This was due to the
different composition of the American pig-irons.
The European irons were chiefly low manganese
and high sulphur, whereas the American irons were
the reverse; and thus, in addition to removing
carbon by the action of the ore, graphitisation
took place, producing the black fracture. It is
thus seen thatthe twotypes sprung from the
same idea and were atone time made by the
same process, but owed their individuality to the
difference in the local pig-irons. It is only com-
paratively recently that packing the castings with
ore has been abandoned in the blackheart indus-
try, thereby emphasising the metallurgical differ-
ence of the two products.
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Method of Manufacture.

Pig-iron and scrap are melted to give an iron
which when cast in sand moulds shall be free from
graphite, i.e., a white iron. The production ot
castings free from primary graphite is essential m
making malleable cast iron, as during the anneal-
ing process any graphite flakes are subject to
growth which so weakens the iron that in bad
cases the metal is more brittle than ordinary giev
cast iron. The white iron castings are subjected
to annealing at a high temperature for 6ome days
with or without a hematite ore packing, when the
product is rendered malleable.

Chemical Composition.

The essential difference in the two materials is
due to the pig-iron used. The whiteheart industry
uses white and mottled hematite, the compositions
of which are not standard except in respect of
phosphorus content, which is always low. The
carbon, silicon, manganese and sulphur all vary
within fairly wide limits, and this is probably the
greatest difficulty the whiteheart manufacturer lias
to face. The carbon varies from 3.0 to 3.6 per
cent., the silicon from 0.3 to 1.0 per cent., the
manganese from 0.05 to 0.60 per cent., the sulphur
from 0.15 to 0.40 per cent.,, and the phosphorus
0.08 per cent, and less. These figures do not
cover all the pig-irons used in whiteheart manu-
facture, as some special refined irons of low sul-
phur and low carbon content are on the market,
but the irons indicated form the basis of the white-
heart. mixtures. The blaokheart iron is made from
grey hematites differing chiefly in their higher
manganese content, which is 0.50 to 1.00 per cent.,
and low sulphur, which is usually not above 0.06
per cent. The silicon in these irons is generally
higher, particularly where the melting medium
provides a means of oxidation.

Melting and Casting.

W hiteheart is chiefly made from the cupola,
though crucible melting is still practised. Black-
heart is rarely cast from cupolas owing to the
increase in sulphur obtained and to the higher
carbon content of cupola metal. Air furnace,



open-hearth, crucible, electric furnace, and a com-
bination of the electric furnace, cupola and Besse-
mer converter are all used, but the most popular
melting medium is the air-furnace. It swill be
readily understood that the melting of iron for the
blackheart industry is considerably more expen-
sive than for whiteheart. Thi6 fact tends to make
the economical production of blackheart only pos-
sible when conducted on a comparatively large
scale.

The only similarity between the hard iron before
annealing isthat it is in each case white fractured.
The blackheart is lower in carbon than whiteheart,
and consequently is stronger, less brittle, and not
so hard in the unannealed state. Whiteheart,
before annealing, contains from 3.0 per cent, to
3.5 per cent, of carbon, and blackheart from 2.3
to 2.8 per cent. In both cases the carbon is in the
combined form. The structure of the irons both
consist of pearlite and free cementite, but there
is considerably more of the latter in the white-
heart than in the blackheart, which accounts for
the difference in strength. The structural com-
position of whiteheart as cast is pearlite 60 per
cent., and free cementite 40 per cent., whilst
blackheart is pearlite 75 per cent, and free cemen-
tite 25 per cent.

Blackheart is usually cast at a higher tempera-
ture than whiteheart, this being necessitated by
the higher freezing point of the iron, which
involves a much higher temperature to get suffi-
cient superheat to give the metal “long life ” and
fluidity. The usual melting furnaces employed in
blackheart manufacture permit of higher casting
temperatures than are common with ihe cupola.

Casting in both industries is usually done by
hand or shank ladles, direct casting without trans-
ferring from a large ladle to a small one is the
general rule, but in blackheart foundries using
air-furnaces, open-hearth, or electric furnaces
pouring very hot metal the iron is frequently
carried in large ladles to the moulder’s side. Crane
ladles are in use, and a one-ton bottom pouring
ladle is in use in at least one blackheart plant
in this country.
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The methods of moulding are similar, both irons
possessing great liquid shrinkage and high contrac-
tion ; the feeding and gating difficulties are com-
mon to both processes. The linear contraction
of both irons is approximately J in. per foot, but
as there is about -¢-in. per foot for expansion on
annealing, patterns are made to in. contraction.

Blackheart possesses a certain advantage in
casting in that, as just mentioned, the furnaces
used permit of obtaining longer life and greater
fluidity than does the cupola.

W hiteheart castings in the hard state require
more careful handling than blackheart on account
of their greater brittleness. A certain amount of
fettling is done on blackheart castings in the hard
state, as they are strong enough to permit of
knocking off flash without cracking.

Barrelling is largely used for removing sand
before annealing in the case of blackheart, but
this is generally too severe a treatment for any-
thing but small castings in whiteheart, and sand
blasting is generally adopted. The castings are,
of course, inspected before going into the anneal-
ing ovens.

Annealing.

The great difference in annealing is due to the
fact that all the carbide of iron in blackheart is
decomposed by heat, but that the carbide in white-
heart is stabilised by the high sulphur content,
and only yields slightly to heat treatment. In
whiteheart red and black iron ores are used to
provide oxygen for removing the greater part of
the carbon.

Blackheart castings are packed in sand, slag,
gravel or mill scale. This is done to prevent dis-
tortion during annealing. Blackheart anneals
quite satisfactorily, however, without any packing
medium. The annealing is carried out at 800 to
880 deg. C. for a period of from 2| to 3J days.
W hiteheart castings require a higher temperature
and a longer period, and are annealed at 900 to
1,000 deg. C. for 3 to 4 days. These times cover
only the period at the annealing temperature.
The time taken for heating up and cooling down
depends on the size of the oven, amongst other
things, and makes the total cycle in both pro-
cesses from 8 to 14 days. Slow cooling is neces-
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sary to obtain the best results, and that malleable
made on a short annealing cycle is generally
inferior. To obtain perfect results with white-
heart necessitates slightly different treatment for
castings of different section, the annealing under
standard conditions being less and less complete
as the cross section increases. The section which
can be satisfactorily annealed in whiteheart is
therefore limited by the depth to which decar-
burisation can be commercially effected. This
limit is somewhere in the region of § in. The
section which can be made in blaclcheart, on the
other hand, is limited not by the annealing pro-
cess, but by the section above, which it is impos-
sible to cast without getting primary graphite.
This limit is somewhere around 3 in.

The cost of annealing is much higher in the case
of whiteheart than blackheart. The use of ore
and the greater time taken in packing the cast-
ings add to the expense. It is usual in the white-
heart trade to surround each casting with hema-
tite ore, whereas in blackheart the packing
material fills up the spaces left after the castings
are placed as closely together as is possible. Thus
a greater tonnage of blackheart can be packed
in a certain space.

The chief item in the difference in annealing
expenditure is fuel. From one to two tons of
coal are required to anneal one ton of whiteheart
malleable, but only J to 8 ton will anneal a ton
of blackheart castings. Owing to the higher tem-
perature in the whiteheart anneal, the pans do
not last so long. The pans used in both processes
are usually made of a white hematite iron, the
same type of pig-iron which is used for making
the whiteheart castings being very satisfactory.
The use of nickel chromium alloy pots has been
tried out, but reducing atmospheres and the
sulphur gases from the coal prevent them giving
the life which one would expect from them, and
in any case the initial cost is prohibitive. For
example, the cost of equipping the plant with
which the author is associated with nickel
chromium alloy pans would be something like
£100,000. The ordinary white hematite iron pans
last from three to six anneals with whiteheart
and about eight with blackheart.
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Blackheart plants usually operate O a larger
scale than the majority of whiteheart foundries,
and as a consequence the annealing ovens are
larger. From 10 to 30 tons capacity is common
in the hlackheart trade, whilst 4 to 10 tons is
usual in whiteheart foundries.

After annealing, barrelling is often resorted to
in order to remove any adhering packing material.
This also gives a good surface to the castings, which
is appreciated by a great many consumers. Grind-
ing and chipping is adopted in both industries for
fettling.

Straightening.

Present-day rapid machining methods call for
accurate castings which can he set up in jigs. As
the annealing process introduces distortion, due
frequently to the irregular expansion of intricate
castings and to sagging of the pots, it is necessary
to straighten and set a large number of castings.
W hiteheart malleable being annealed at a higher
temperature, is subject to rather more distortion
than blackheart. General practice is to set the
castings hot, though there is a tendency to-day in
both whiteheart and blackheart foundries to adopt
cold setting wherever possible. Cold straighten-
ing means stressing the castings beyond the elastic
limit to give them a permanent set, and this
naturally weakens them, but there is always a
danger in hot setting of heating above the critical
temperature when, in the case of blackheart, the
carbon will re-combine with the iron, rendering
the casting more or less brittle, and probably
useless. This overheating trouble is not likely to
occur with whiteheart, as the amount of carbon
present is low, and is usually all, or nearly all,
present in the combined state. The lower critical
temperature of malleable cast iron is about 730 deg.
C., so that heating blackheart malleable in the
neighbourhood of 700 deg. C.L which is only a
red heat, is decidedly dangerous.

Structure and Physical Properties.

The structure and fracture of the two materials
are entirely different. The names whiteheart and
blackheart were derived from the appearance of
the fractures. Whiteheart is steely looking and is
greyish on the edge, changing to bright coarse
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white crystals in the core ; the line of demarcation
is oftentimes well marked.

The microscope shows it to be ferrite 0l the
surface, sometimes with a slight network of oxide
of iron, and changing from the edge to the centre
with gradually increasing pearlite, until m the
centre there is frequently free cementite in sec-
tions of ~ in. and over. There is usually a small
amount of free carbon in nodular form. Blaek-
heart has a uniform black fracture, except for a
slight greyness in the skin. The micro-structure is
ferrite throughout, and all the carbon is present
in the free state. The surface to a slight depth
contains no carbon at all, due to the oxidising
effect of the atmosphere in the annealing pots.
This slight décarburisation is incidental, and is
not sought after at all. The grain size is smaller
than in the case of whiteheart, due to the lower
temperature of anneal. The high temperature
used in whiteheart annealing makes the structure
coarse, and if any free carbon is found it is in
larger particles than are found in blackheart
malleable.

This description of structure of the two mal-
léables is true of the general run of castings, but
variations from what has been described are met
with, particularly in the case of whiteheart mal-
leable.

Owing to the nature of the annealing
process in whiteheart, the section of the
casting largely governs the extent of annealing.
For example, a casting with a uniform circular
section of, say, J in. dia. might well have all
but a trace of carbon removed, resembling in
properties wrought iron or dead mild steel,
whereas a larger casting with sections § in. dia.
would, under the same conditions, only be
annealed to, perhaps, a in. or § in. depth, the
centre containing up to 2 per cent, of carbon,
practically all being in the combined form, and
such a casting would possess 110 malleability,
although being strong and resistant to shock.

It will be readily understood that there is a
limit of sections above which the commercial
annealing by the whiteheart process produces no
malleability at all. There is, however, no limit
to the size of blackheart malleable which can be
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before, limited by the size above which it is
impossible to make the casting without getting
primary graphite. It is essential in both pro-
desses, but particularly in blackheart, to produce
castings which, before going to the ovens, shall
be free, or practically free, from graphite; other-
wise, on annealing, the flakes of primary graphite
are subject to growth, and in bad cases the iron
after annealing consists of a network of
graphite, and is weaker than an open-grain cast
iron. Primary graphite in whiteheart is not so
subject to growth on annealing, owing to the
restraining effect of the high sulphur content,
and also to the fact that the carbon is largely
removed by oxidation, but, in any case, a
graphite flake is a source of weakness. To com-
pare the physical properties of the two materials
is very difficult, as will be understood when it
is realised that there are somewhere in the
neighbourhood of 200 firms in this country making
malleable cast iron, and, since practice is not
standardised, the quality varies very consider-
ably. Not more than about half a dozen of these
200 firms are engaged in making malleable by
the blackheart process. The physical properties
to which most importance is attached are tenacity
and  ductility. The  tensile strength is
measured on the unmachined bar. The reason
for this appears to lie in the idea that the re-
moval of the surface of the test bar reduces the
strength and ductility. In connection with
whiteheart, there is_some truth in this idea, as
the metal is, as a Tule, more thoroughly annealed
in the surface than in the core, but with black-
heart, numerous tests show no loss in elongation,
or ultimate tensile values, after the skin has
been turned off. However, the continued use of
the unmachined bar is undoubtedly stimulated
by the expense saved, and, as the material is
ductile, the error due to the test piece not being
mounted in the machine with its axis in a
straight line with the direction of the pull, is
negligible. The bar for the tensile test is by
no means standardised, and it is a great pity
that the latest British Engineering Standards
Association’s specification is not accepted by all
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consumers. The tensile value of whiteheart
varies from 20 to as much as 30 tons per sg. in.,
but with the latter tensile strength the elonga-
tion is very low. Elongation values on 2 in.
have been obtained up to 9 per cent., usual figures
for good whiteheart being 23 tons tensile, and
4 to 6 per cent, elongation. Blackheart mal-
leable shows a great superiority in ductility—
most of the blackheart produced in this country
having an average elongation of over 15 per cent,
on 2 in. The tensile strength associated with this
is 23 to 25 tons per sg. in. Good blackheart
malleable should never show less than 22 tons
per sg. in, tensile, nor 10 per cent, elongation.
The yield point of both materials is about the
same—namely, 14 to 16 tons per sq. in. All the
results mentioned are what might be obtained
on the British Engineering Standards Associa-
tion’s test piece “ C,” having a diam. of 0.564 in.
The bend test is nearly always made on a bar
1 in. by f in. Good whiteheart gives 45 to 90
deg. bend, and blackheart from 90 to 180 deg on
such a bar bend round a 1-in. radius. The
British Engineering Standards Association’s
specification for whiteheart is minimum tensile
strength 20 tons per sg. in., and minimum elonga-
tion 5 per cent.; and for blackheart, minimum
tensile 20 tons per sg. in., and minimum elonga-
tion 7-J per cent.

Specifications rarely call for tests other than
these. The lzod impact value for blackheart is
about 13 to 14 ft. Ibs. on the standard lzod notched
bar, whilst whiteheart is slightly less than this.
A large amount of malleable castings are pur-
chased solely on account of the easy machinability,
and this quality is undoubtedly a very important
feature of malleable cast iron. Good whiteheart
machines more readily than mild steel, but is
hardly as good as blackheart. This appears to
be due to the presence of free carbon in the black-
heart malleable which prevents clogging of the tool.
It is claimed for blackheart malleable that it is
the most readily machinable of all ferrous pro-
ducts.

The following figures indicate the machinability
of blackheart:—Turning and facing a flange of
10 in. dia., a roughing speed was used of 108 ft.
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per min.,- the finishing speed was 182 ft. per mill.;
turning and facing cylindrical piece 6t in. dia.,
the roughing speed was 140 ft. per min., the
finishing speed was 400 ft. per min. For the
turning and given cutting of a light sleeve
casting, the rough turning was done at 100 ft.
per min., and the finish turning at 235 ft. per
min.; the screw-cutting with a single point tool
was done at 170 ft. per min. The latest British
Engineering Standards Association’s specification
for malleable requires a machining speed of
approximately 90 ft. per min.

An important point with users of malleable
is uniformity—and this applies not only to the
general malleability of the material, but to
machinability. There are so many mass produc-
tion methods adopted nowadays that it is common
to find expensive lay-outs for machining. In such
cases it is very important that the castings shall
possess uniform cutting hardness, not only in
each part, but in each and every batch. One hard
casting, or even a hard spot, will sometimes
upset a complete lay-out, and cause considerable
expense.

Blackheart malleable undoubtedly possesses
greater uniformity than whiteheart, due largely
to the better 'knowledge of its metallurgy, and
also in a great measure to its simpler annealing
process. The manufacture of whiteheart is, how-
ever, rapidly improving, and the British Cast lron
Research Association is devoting considerable
time and energy to the industry, and its
research work in this branch is meeting with con-
siderable success.

As might be expected, the resistance of malle-
able cast iron to abrasive wear is poor. White-
heart shows some superiority over blackheart in
respect to wearing properties.

Magnetic Properties.

Blackheart  malleable cast  iron possesses
useful magnetic properties. It has high per-
meability, and very low hysteresis lossand coer-
cive force. W hilst no magnetic data is

available on whiteheart malleable, it seems, from
a knowledge of its structure, that it would hardly
possess the wuseful magnetic properties to such
an extent as blackheart malleable.
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It is interesting to note that both whiteheart
and blackheart have a greater resistance to
atmospheric corrosion than ordinary carbon steel
and grey cast iron. This is probably due to the
surface being practically carbon-free.

Applications.

It is not intended to enumerate the uses to
which malleable cast iron is put, but rather to
indicate jobs for which the two types are best
suited. For years malleable has been the chief
material in the construction of agricultural im-
plements, and in this field whiteheart is quite
as suitable as blackheart. A large amount of
malleable is used in the chain belt industry, and
here, again, there is little to choose between the
two types. Amongst the heaviest customers cf
malleable is the motor industry, where axle cases,
differential carriers, dumb irons, hubs, brake
parts, and all sorts of brackets are made in mal-
leable. In this industry not only are high
strength and ductility of vital importance, but
easy machinability is an essential. There is no
doubt that blackheart is the most suitable
material for motor work from all points of view;
hot-water and steam radiators are almost exclu-
sively assembled with malleable cast iron
nipples, and since easy and uniform machinability
is the chief demand, blackheart is the better type
to use. Tramway work, railway stock, and elec-
trical machinery all make demands on the mal-
leable trade. The shipbuilding industry also calls
for numerous malleable parts. Malleable is some-
times used as a .substitute for cast iron to obtain
lightness, and here whiteheart is very suitable.
Generally speaking, where strength without duc-
tility, but with some fair resistance to shock, is
required, whiteheart is better; particularly is this
the case when resistance to frictional wear is a
factor. Where high ductility combined with good
tensile strength are the dominating requirements,
6lackheart is the superior material.

Occasionally castings are required which are to
be subject to brazing or other heating operations,
and in such cases whiteheart should always be
used, as blackheart is embrittled if heated even
momentarily above 730 deg. O.
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For jobs where easy machinability is essentia]
blackheart cannot be improved upon. At the
present time blackheart malleable has the wider
field of application, and this will probably remain
so; but the scope of whiteheart will greatly in-
crease when it can be produced with equal
uniformity. Blackheart, by its uniformity, has
established a greater confidence amongst users
than is possessed by whiteheart. This uniformity
of blackheart castings is perhaps the property in
which it most differs from whiteheart. When pig-
iron producers make more reliable irons, and
when whiteheart becomes standardised on scien-
tific lines, and is made from a more reliable
melting medium than the cupola, then will it
create a confidence amongst users, and be in a
position to compare favourably with blackheart
malleable cast iron, from the uniformity point
of view.

DISCUSSION BY EAST MIDLANDS FOUNDRYMEN.

Dr. Bramley asked if the author would
elaborate on his remarks as to the part sulphur
played in the annealing of whiteheart castings.

Mr. Peace replied that in whiteheart malleable
the sulphur is always unbalanced in reference to
the manganese, this being practically essential to
guarantee original hard iron castings free from
graphite. Variations in sulphur content do not
appear seriously to affect annealing of whiteheart
providing the, silicon is sufficiently high, but with
low silicon-content increasing sulphur will
appreciably retard the annealing.

Obtaining Low Carbon.

Mr. Russell said he was interested to hear of
the difference in the pig-irons, and of the neces-
sity for the carbon-content being kept low, and
inquired if this was achieved by merely buying
low carbon pig-irons, or was the carbon reduced
in the air furnace melting.

In reply the author said the pig-irons pur-
chased for blackheart manufacture are by no
means low in carbon. Being low sulphur grey
hem atite irons the reverse is the case, 3.80 to 4.00
per cent, being common figures. As the charge
contains about 50 per cent, of shop scrap which
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is low carbon, the actual carbon content of the
mixture charged is around 3.00 per cent. On
melting in the air furnace this carbon content is
reduced to about 2.50 per cent. The loss varies
with the furnace design and the blast which is
used. Occasionally steel scrap is included in the
charge to reduce the carbon content.

Mr. cooawin Said the author had stated that
® 4‘in. section would be a thick section to make
in whiteheart. He, personally, could not see any
difficulty in annealing sections up to 3 in. He
would, however, agree that there was a great
difference in the “ machineahility.” In his (Mr.
Goodwin’s) opinion, the reason whiteheart had
not its share of the market was that the white-
heart founders did not appreciate the value of
the works chemist to a proper extent, and a great
number of firms making whiteheart castings left
everything to the foreman.

M. Peace INsisted that there was perhaps some
disagreement as to what is satisfactorily annealed
whiteheart, and whilst he agreed a 3-in. section
could be annealed to an extent which would give
it fair resistance to shock, it is doubtful if it
would possess the property of “ malleability ” to
any degree. Mr. Goodwin was undoubtedly
correct in saying that the whiteheart industry is
suffering from adherence to “ rule of thumb ”
methods, and that standardisation and greater
scientific control of the composition and of the
annealing temperatures would, by producing a
more reliable product, greatly increase the market
for whiteheart.

Mr. Peace, IN answer to a question by Mr.
priver, Said that the “ scrap ” used in the
manufacture of malleable cast-iron was' the
runners, gates and feeders and other shop scrap
from the malleable foundry itself. Any annealed
scrap castings are consumed and ordinary carbon
steel scrap is used to a slight extent. The utilisa-
tion of ordinary scrap cast-iron is impossible in
making malleable. Answering a further query by
Mr. Hammona, the author stated that the steel is
usually melted straight into the mixture when
the quantity necessary is small, say not above
7 or 8 per cent.,, but in some instances it has
been used alloyed with pig or other iron in the
form of a low carbon pig-iron.
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Heat Treatment Limitations.

Mr. Hammond Said blaekheart castings could
not be double annealed, but a 3-in. section in
vvinteheart would stand three annealings, and
inquired if it were possible to make a 3-in. sec-
tion in blaekheart perfectly sound, and also if, in
blaekheart annealing, a period for soaking was
taken. He (Mr. Hammond) was sure that one
of the reasons for the comparative shortcomings
of whiteheart was due to melting in the cupola,
as against melting in the air furnace, but if the
cupola was properly run accurate results could
be obtained indefinitely. If the whiteheart
founders would take the proper scientific interest
it would be found quite possible to get as uniform
results from the cupola as from the air furnace.

M r. Peace thought that if a section of white-
heart was annealed three times there would almost
certainly b© a penetration in the skin of iron
oxide with possible peeling. It was quite possible
with suitable gating and feeding to make a 3-in.
section in blaekheart perfectly sound. As regards
the possibility of getting as uniform results from
the cupola as from the air furnace—with carefully
standardised cupola practice it might be thought
that such a possibility could be made a reality,
but experience shows that there are more variables
in cupola melting than in air furnace.

In reply to m . priver, who asked what was
the most economical section for the designer to
aim at—were there any thicknesses which would
give the cheapest casting, m r. pecace pointed out
that there was no general economical section for
the designer to adopt, each job would require
consideration on its own merits. Uniformity of
section is certainly a factor to be aimed at in
designing malleable castings. Perhaps the most
common section found in malleable is § in. to i in.
In answer to a query by m r. Lucas as to the best
method of obviating distorted casting, m r. pecace
referred to his Paper, wherein it was stated that
any method of heating blaekheart malleable cast-
ings which cannot be carefully controlled pyro-
metricallv was dangerous. A coke fire should not
be used as carbon would be absorbed. Unless a
furnace was available with pyrometric equipment,
it was better to return the distorted castings to
the manufacturer.
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DISCUSSION BY LANCASHIRE BRANCH.

At the November meeting of the Lancashire
Branch, held at the Manchester College of Tech-
nology, the Branch-President, Mr. S. 6. Smith, in
the chair, a Paper was read by m r. A. E. P cace, Of
Derby, upon the “ Manufacture and Properties of
Blackheart Malleable Cast Iron.” The ground
covered was similar to that given by the author
before the East Midlands Branch (pp. 327 to 338).

Mr. J. S. G. primrose Said to those among
them who had the privilege a short time ago of
visiting the works where Mr. Peace was engaged,
it brought home what they then saw in a prac-
tical way and supplemented the information they
then gained. When it was published it would be
a standard to which they could refer. In the
first place he should say that here they had an
example of the careful and thorough control which
was necessary in carrying out what was apparently
a very simple operation. They had an iron with
what might be called a perfectly white fracture
made into an iron with what might be called a
perfectly black fracture, by simply annealing and
precipitating the oarbon. It seemed exceedingly
simple, but the composition and temperature must
be controlled, and that was something to which
the ordinary ironfounder was not accustomed.
Would metal of the same composition be suitable
for the production of both white and blackheart
malleable? During the war period, when shell
noses of malleable iron were produced very com-
monly, a Government inspector undertook to get
both from iron of the same composition. The
white iron selected was annealed in the usual way,
but one half of the casting was packed in oxidis-
ing material, i.e., ore up to a mark, and the other
half was packed in non-oxidising material, i.e.,
boneash. When the castings were fractured one
half showed perfectly whiteheart steel fracture,
and in the other half a perfectly blackheart frac-
ture. It may have been a freak, but it was
demonstrated that it could be produced.

From the samples he had received from America
he considered that an essential feature which dis-
tinguished the American blackheart from the
English blackheart described in the Paper, was
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that, when examined under the microscope, it was
found to have, in addition to the black velvety
fracture, a good deal of pearlite in what Mr.
Peace would say was a normal ferrite matrix.
That, of course, increased its strength, but very
much diminished its ductility, its capacity for
elongation, and also, in his opinion, reduced its
toughness, that is to say, the amount of bending
and shock that it would stand. From what the
author had said, it would appear that there was
a rather critical point in the further heat treat-
ment of blackheart malleable castings. They usually
had the pure ferrite and the nodular graphite
or free carbon, as it might be called, but if this
metal was heated up to a suitable temperature
some of that carbon would go back into solution,
that is, revert to pearlite. Was that detrimental
in cases where heat treatment had to be used?
For example, in heating to the dull red heat which
Mr. Peace said was usual in straightening certain
castings which had to be fitted into jigs.

Defects of Blackheart.

American makers sometimes had difficulties
through what they called unaccountable brittleness
occurring in blackheart malleable iron. It
occurred in various ways. If they galvanised a
piece of blackheart malleable it became brittle; or
under certain conditions, if they ground off some
of the runner ends, they got it very brittle. Quite
close to the hottest part of the metal there was a
white steel fracture which was detrimental to this
material, but a little bit further back, beyond the
range where the grinding affected it, there was a
true blackheart fracture.

Another thing was that sometimes when they
riveted a piece of strained blackheart malleable,
like a bracket, on to a girder, it was brittle, and
factured through the rivet hole on cooling.

As far as he had been able to gather these slight
disabilities of American blackheart seemed to indi-
cate that it was in the range of blue heat (so called
because of the colour of the oxide scale produced
at this low temperature) that this brittle defect
showed itself sometimes, but not always, in black-
heart. Investigation seemed to show that it only
happened when a certain amount of stressing had
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been previously put upon the metal, and perhaps
Mr. Peace might tell them whether he had ex-
perienced that, and how he overcame it.

Mr. Peace had told them that American iron
was preferable to English iron for making black-
heart. He had some recollection that when they
were at Derby Mr. Peace told some of them the
reason for that lay in the different chromium con-
tent of the two irons, but perhaps he would confirm
that view to them.

M. snerbejrn Seconded the vote of thanks, and
observed that it was a very valuable Paper, con-
taining so much information that it was difficult to
appreciate it fully on the spur of the moment.

Early Beginnings.

The chairman (Mr. 8. G. Smith) said the
fundamental principles of malleable «cast iron
were published by Boyden in 1822. Presumably
it was whiteheart. Mr. Peace had referred to
Boyden as an American, who first made this
blackheart in America. Boyden was, in fact,
born in Staffordshire.

A man called Matthews, of Sheffield, patented
a process in 1782 or 1783, 40 years before Boyden
started his American foundry.

He wanted to ask a question whioh was sup-
plemental to the questions. Mr. Primrose had put.
What was the difference between the American
blackheart and the British or European black-
heart, leaving out altogether the question of
whiteheart ?

Moulding Troubles.

M r. Evans (Derby) said the chief troubles were
pretty much the same in malleable as in ordinary
grey "iron. For instance, wet sand would cause
a great deal of trouble, even more so than it
would in the case of ordinary grey iron. The
sand must be dry; also, the use of large quantities
of new sand would lead to trouble.

In certain oases they would apply red sand to
act as a chill. They would appreciate, therefore,
that if they used a ‘large quantity of red sand in
the facing and tried to make a casting with this
material they were not likely to succeed. There
were well-known castings, straight flat round
discs from 15 to 20 in. dia., -which were made in
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malleable. The material might be of the correct
composition, they might get super heat, but they
were in for trouble if the facing sand was not
suitable. To run successfully they had to make
a core, cut in two sections. Generally speaking
it wanted more careful controlling than was
required with ordinary grey iron.

Since the members visited the works at Derby
they had changed many of the methods, so he
hoped a little later they would be able to repeat
the visit.

They checked the weights of the feeders and
runners. That was a point which needed to be
controlled in malleable iron where the percentage
of iron used to weight of castings produced was
much higher than in an ordinary grey-iron
foundry.

Essentials.

Mr. reace said Mr. Primrose had mentioned
several points as essential in casting blackheart
malleable iron. Careful control of the composition
of the iron by careful analysis of the material
used, very careful moulding practice, and, in
annealing, pyrometric control of the temperatures.
He understood Mr. Primrose to say that it was
impossible to make blackheart malleable without
those factors. He himself did not go so far; it
was possible to make blackheart malleable with-
out having any analysis or taking temperatures
for the annealing. But he was convinced that
without careful control it was impossible to make
it as set out in the paper.

A Common Base.

It was possible to make whiteheart out of
blackheart composition, but it was practically
impossible to make blackheart out of whiteheart
material. The reason was that the whiteheart
always was high in total carbon and was nearly
always very high in sulphur.

The Origin of the Black Fracture.

Mr. primrose had made a point that the black
fracture was effected by precipitating carbon
when there was sufficient to make that fracture
wholly black. They would see by the photographs
that probably 75 per cent, of the material had
no carbon; the fracture was black because the
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ferrite grains were so fractured that they did not
reflect the light. It was possible to fracture
blackheart so as to show a white fracture. This
was accomplished by using a very heavy blow
which shattered the crystals and they then had
the ferrite crystals reflecting the light. He
invited the members to inspect the fractures in
the specimens exhibited.

The retention of pearlite in the skin, very close
to the surface, he mentioned in the paper only
casually, because at the present time they con-
sidered that they had practically remedied that
trouble.

Effect of Subsequent Heat Treatment.

With regard to further heat treatment after
annealing, it was essential to use pyrometric con-
trol. If they reached 730 deg. C. they would
approach a brittle casting unless it was cooled
at a rate not exceeding, say, 4 deg. C. per hour,
which was hardly likely in works practice.

Mr. Primrose had referred to the embrittlement
effect in galvanising, grinding and riveting. In
galvanising it was purely a temperature effect,
there was no question of strain. There seemed
to be some critical point which had nothing to
do with carbon content. Examined under the
microscope it was just like normal blackheart,
there was no difference.  The fracture in this
case was always intergranular instead of trans-
granular.

He thought it was a different problem from
the grinding hardness Mr. Primrose mentioned,
grinding embrittlement in this case being due to
heating to 730 deg. 0. In connection with rivet-
ing, the trouble arose from again a different
cause. He had some malleable iron castings
which had been riveted and split at the top. In
his opinion that was due to excess of cold-work-
ing. Malleable was very subject to deformation,
and if it was much cold-worked it would become
brittle, but by re-heating it to 700 deg. C. and
air-cooling or quenching it in water, that
embrittlement could be remedied.

American and British Pig-lron Compared.

In regard to the comparison of American pig-
irons and English pig-irons, Mr. Primrose had
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said English pig-iron was not suitable. That was
rather a strong statement. His firm used 2,000
to 3,000 tons per annum of English pig-iron for
malleable. But they were not as useful as
American irons if they were distined to be the
sole pig-iron in the mixture. As far as his know-
ledge went it was due to the chromium content.
He had never yet analysed common brands of
English Hem. pig-iron with less than 0.02 per
cent, chromium; in the American pig-irons he
used the chromium content was never more than
0.01 per cent. The actual effect of that chromium
content in the English irons was to restrain the
decomposition of the carbide; and if put through
the ordinary annealing process they found small
nodules of free cementite which reduced the
malleability.

He agreed with Mr. Smith that Boyden was an
Englishman who came from Staffordshire, but he
made his blackheart malleable in the United
States by virtue of the fact that he used Ameri-
can pig-iron which had high manganese and low
sulphur, and one could get this decomposition of
the carbide of iron. He had heard of Matthews’
process and had an idea that it was not a true
blackheart process.

Essentially English and American blackheart
were the same, as there could be only one good
blackheart; and whilst the American foundries
made it, and his firm made it also, lie thought
the Americans were rather -casual in their
methods.

In the paper he had not dealt with the size of
the castings. The average size was probably
about 10 to 28 Ibs.

Oxidising packing materials were practically
discontinued in blackheart making. There was
no advantage to be gained from them. If a malle-
able casting were packed in sand it would anneal
just as satisfactorily as if it were packed with
other material.

Machine Fingers.

A Member asked for mr. Peace’s opinion as to
whether it was better to make agricultural machine
fingers in whiteheart or in blackheart. He
suggested that cracking might be prevented
by heating up the mould and casting hot quickly.
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It would be found there was a considerable reduc-
tion in contraction.

Mb. Peace said it was not his wish to compare
the two materials whiteheart and blackheart. He
could say, however, that his firm had made mil-
lions of mowing machine fingers in blackheart,
and were continuing to do so.

Hot Moulds.

In connection with cracking, if a mould was
heated and then cast with blackheart iron, they
got a grey casting. It was impossible to use
a mould which had been made very hot.  They
had found that cracking could be prevented by
proper gating. Perhaps heating the mould would
'‘be useful in whiteheart with its higher sulphur
content, which did not have a great deal of effect
in preventing annealing, but did have a great
effect in preventing primary graphitising.

Replying to another question, MsS. Peace Ssaid
resistance to corrosion was not due to the carbon
content, but was due to the complete absence of
carbon of any type in the skin. It was a well-
recognised fact that pure iron did not rust.
There was a process in which pure iron was de-
posited on the casting to prevent rusting. The
point about blackheart malleable was that it had
a composition which was practically pure iron.
It contained probably silicon in solution up to
1 per cent, and a low manganese content—perhaps
0.3 per cent.,, which was generally recognised to
be favourable for resisting corrosion.

Mr. Cairns asked what would be (1) an approved
composition of moulding sand for general casting,
from a few ounces up to 2 cwt.? He knew that
the temperature required with malleable iron
was very much higher than with grey iron; (2)
what was the difference between the running of
a malleable mould and a steel mould? and (3)
would not the same method of “ feeding ” apply to
both?

The chairman observed that by “ black sand ”
Mr. Evans meant sand which had been used over
and over again, but the bond had not been burned
out quite. Whether dealing with heavy castings
or with small ones, every precaution ought to be
taken in each case to avoid those little “ drawn
plaoes.
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Mr. Hopwood asked whether Mr. Evans had
ever come across cases of hot spots—that is, places
on the casting that are grey in colour instead
of white, through the mould becoming locally
heated by a large quantity of metal passing over
that place.

Mr. Evans replied that he had, and the
remedy was to chill the places affected. It
was possible to get grey and white iron castings
on the same runner.

Coal-Dust.

Mr. Sherburn said he was interested in Mr.
Peace’s statement that in the United States tlie
consumption of malleable cast iron per head of
population was ten times more than in this
country. There must be some reason for that,
and perhaps Mr. Peace would tell them what it
was.

Perhaps the members of the Branch generally
were not very competent to go deeply into the
question of malleable castings, but it had struck
him that the ordinary ironfounder could profit
very much from hearing a Paper of this kind,
and observing the processes to which attention
was called. He might derive from it many lessons
in regard to shrinkage and other difficulties which
he was up against in his own practice.

He would like some information to be given
with regard to the pulverising plant. When they
visited the works at Derby, particulars were given
of the size of grain into which the coal was
broken up by the pulverisers, and it had occurred
to him that machines of this type might solve the
coal-dust problem for the foundrvman, and
ensure more uniformity in grain size than the
methods at present secured. Coal-dust was a very
variable article at present; those who had taken
the trouble to test the grain size of samples
from various consignments knew perfectly well
that was the case. It impressed itself upon him
that this method of pulverising coal might provide
coal-dust of uniform quality in regard to grain
size. Foundrymen were up against the lack of
uniformity in raw materials, and it would be

an advantage to secure some uniformity in this
matter.
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Another question he asked referred to the
amount of breakage occurring in the cleaning
process He believed Mr. Peace’s firm rumbled
their castings in the hard condition. Had they
any special method of safeguarding against such
breakagesP

Consumption per Capita.

MDb. ¢ cace said the greater consumption of mal-
leable per head of population in America was,
he believed, due ito the fact that the qualities
of malleable were not sufficiently recognised in
this country, and people were rather chary of
specifying material which they thought unreliable.
It was quite reliable if properly made, and that
it was properly made could be gathered from the
list of rejections by customers which he had on
exhibit.

The cleaning plant included sand-blast barrels,
and also a hand-operated sand-blast. This was used
on castings which were of such design that they
had internal stresses set up on cooling. It was
only the stronger section castings which were
rumbled. Very little breakage occurred during
rumbling; that was due to the iron being really
strong, owing to its low carbon content. It was
not like the ordinary white iron from the cupola,
which was more brittle, due to higher carbon
content.

Mr. cairns asked whether Mr. Evans used any
mould dressing in order to get a clear skin on the
casting.

Mr. Evans stated that 110 dressing of moulds
of any description was used.

The cnairman remarked that the temperature
of the metal for malleable castings could not be
compared with that of steel castings of the same
size. The size made all the difference to the
“eating in” or part-fusion of the sand.



350

Scottish Branch.
ALUMINIUM ALLOYS.

By. H. Hyman, Ph.D., B.Sc. (Member).

Most of the Papers which have been addressed
to the Institute of British Foundrymen had been
concerned mainly with cast iron and the heavier
non-ferrous alloys, but this one dealt with alu-
minium or light alloys. There'had been great
developments in that branch of metallurgy in re-
cent years, and it was hoped to give some idea of
the scope of these developments.

Nature of Aluminium.

It would be seen from the graph (Fig. 1) that
there had been considerable fluctuation in the
world output of aluminium during the past 10
years. Since 1912 there had been a gradual in-
crease, and this increase became very rapid dur-
ing the War, when the output reached 200,000

Fig. 1.—Wobld’s Output jf Aluminium

(1913-1923).

tons. At the end of the War there was a rapid
decline, but since 1921 the output had again in-
creased. For the year 1924 the output was a little
greater than in 1923, and in 1925 the record of
over 200,000 tons was reached.
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Aluminium as a'pure metal was comparatively
weak. It was much weaker than the well-known
metals, iron and copper, which formed the basis
of the iron and steel and heavier non-ferrous in-
dustries. For this reason aluminium found a
limited application in industry, but at the same
time it possessed many valuable properties. In
addition to its lightness it was very ductile, and
could therefore be drawn readily into wires, tubes,
and sheets. In order to extend its application
for industrial purposes, it was advisable to use
the metal in the form of alloys.

Alloys of Aluminium.

The chief metals with which aluminium was com-
bined in aluminium alloys were copper, zinc, mag-
nesium and silicon, and the specific gravity of
these metals were respectively 8.5, 7.0, 1.7 and*2.4;
whilst the specific gravity of aluminium itself
was 2.7. The weight of the alloy would of course
depend upon the weight of the metals added to
the aluminium. With copper and zinc they would
all be familiar. Magnesium, on the other hand,
was a comparatively new metal. It had been
known for a considerable time in the form of
magnesium ribbon, but it now came into the
market in the form of rods about 1 ft. long and
1in. in diameter. It was a very light metal, and
for this reason it was employed in aluminium
alloys where lightness was of extreme importance.
Magnesium was not found in nature in as large
quantities as aluminium, and on that account it
would never displace aluminium from its position.
Silicon, the remaining metal of those he had
mentioned, was of more recent application than
magnesium. |t was steel grey in colour and very
brittle in nature, and was produced chiefly in
America. This metalloid was well known to the
ironfounder as a constituent of cast iron.

These four elements readily dissolved in alu-
minium. The zinc, copper, magnesium or silicon
was first melted, and the aluminium was then
stirred in. In the case of silicon it was necessary
to raise the temperature to about 900 deg. C.
When preparing an alloy with copper, it was
desirable to prepare an intermediate alloy of 50
per cent, copper and 50 per cent, aluminium.
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Commercial Impurities.

There were many impurities present in alu-
minium as commercially obtained, and since the
purity of the metal had a pi‘ofound effect upon
alloys, it was necessary, as they would readily
understand, to know something about these impuri-
ties. Aluminium was obtained in two grades. In
one iron and silicon were present in very small
percentages (Table 1), and there was a better

Tabte L-—Impurities in Commercial Aluminium.
Grade |. Grade 2.

Iron Not more than 1%  Not morethan .6%
Silicon . ., 1% > > » -5%
Copper 1
Zinc } w o 25% v 1%
Manganese J
Aluminium.. 98-99% 99% and over

grade in which these impurities amounted to about
1 per cent. At the present time, however, it was
possible to obtain aluminium in a still better grade
in which iron and silicon did not exceed 0.5 per
cent.

In studying the preparation of aluminium alloys
they could learn a great deal by comparing a series
of alloys of aluminium and copper only, in which
the percentage of copper varied by 10 per cent.
Pure aluminium had a tensile strength of about
5 tons, and a very high elongation—about 30, as
is shown in Table II.

Tabte |I.—Addition of Copper to Aluminium Sand-cast
Test-bar Results.

Yield Tensile
Copper Point Strength Elonogation Hardness

7 Tons per Tons per 16 (Brinell)
sg. in. sq. in.
17 4.8 28.0
2 2.8 6.0 4.4 40
4 3.6 6.8 3.8 52
6 44 7.2 1.9 54
8 6.4 7.6 13 57
10 8.4 8.4 — 60
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When they compared the different alloys with
varying percentages of copper, they found that
there was a steady fall in the elongation, until it
became zero. At the same time there was a steady
increase in the Brinell hardness. If they drew
up similar tables for alloys containing zinc and
magnesium, they would find the same tendency—a
decrease in elongation as the percentage of com-
bining metal was increased, accompanied by an
increase in the Brinell hardness. Even when com-
parisons were made with alloys containing varying
percentages of two combining metals, the same
tendency was observed.

Effect of Alloy in Copper.

It might seem surprising that when they added
to aluminium, which had such a high ductility,
another metal like copper, also very ductile, they
produced an alloy so brittle. The explanation was
seen when they examined and compared aluminium
and aluminium alloys under the microscope. Alu-
minium was built up of crystal grains. In com-
mercial aluminium there were always present
specks of impurities and minute cavities. Copper,
iron, tin and other metals as ‘commercially
obtained, were very much alike in this respect.
When they added 2 per cent, of copper to alu-
minium, the copper combined with the aluminium
to form a chemical compound. This separated out
between the grains of the metal as it solidified.
Such a chemical compound was very brittle, and
the material built up in this way was therefore
itself very brittle. A similar effect was seen in
cast iron. Cast iron was a mass of steel inter-
spersed with brittle flakes of graphite. If these
flakes were not present, the metal would have a
tensile strength of about 30 tons, and an elonga-
tion of about 35 per cent. These flakes when pre-
sent, however, broke up the metal, which then
had a tensile strength of only 10 to 12 tons, and
practically no elongation. Ductility in cast iron
was of little consequence, because cast iron found
its application in industry for its great strength
under compression, and for this reason aluminium
alloys would not displace cast iron from its import-
ant position as a foundation material in industrial
structures.

N
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Aluminium alloye used in this country con-
tained from 4 to 12 per cent, of copper, or 3 per
cent, of copper, and 12 per cent, of zinc, as shown
in Table Il1.

Tanie |lIl.—Composition and Properties of Engineering
Aluminium Alloys (Impurities included in Aluminium %).
Tensile .
Strength  Elongation  Specific
Tons per % Gravity.
sg. in.
Al 96% Cu 4% 7 4 2.8
AL 92% Cu 8% 8 1 2.9
AL 88% Cu 12% .. 10 - 3.0
A184% Cu 4% Zn 12% 9-11 2-5 3.0
Al 87% Si 13%
(Alpax) 12 7-10 2.7
Al 82"% Cu 4% Ni.
Mg 1i% (Y Alloy)  10-12 2 2.8
Do. (Wrought and
Heat Treated) .. 25 25 2.8
AL195% Cu 4% Mn\%
Mgi% (Duralumin) 30 20 2.8

The structure of such an alloy is crystalline, a
structure typical of these alloys. When such an
alloy is examined under the microscope, it is
found to show white and dark patches, caused
by the unequal rates of solidification. There is
not sufficient time in cooling under commercial
conditions to allow the constituents of the alloy
to reach a state of equilibrium.

Aluminium-Silicon Alloys.

Aluminium-silicon alloys, which had recently
come into use, contained up to 12 per cent, of
silicon. Silicon is always present in commercial
aluminium to the extent of about 0.5 per cent.
An alloy containing silicon was quite brittle, and
the reason for this was obvious: silicon crystals
were very brittle, and they broke up the con-
tinuity of the ductile material. It is found, how-
ever, that if the aluminium-silicon alloy is
brought up to a temperature of about 900 deg. C.
in the crucible, and then treated with some alka-
line fluoride as a flux, the alloy changed in
structure, which instead of being coarse and
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crystalline, becomes finely divided and emulsified.
The structure is completely altered, and of course
so are the mechanical properties of the alloy. It
now had a tensile strength of from 12 to 14 tons,
and an elongation of 7 to 10 per cent. No exact
scientific explanation had been advanced for this
change. These alloys are now being manufactured
on a large scale. Their ductility is an advantage,
because in certain castings it was possible.to make
use of such an alloy by bending within reasonable
limits. It does not machine so well, however, as
an ordinary commercial aluminium, and owing to
the high temperature necessary in their manufac-
ture, silicon alloys have a tendency to show a
spongy fracture.

Commercial Alloys.

Aluminium alloys were comparatively simple in
composition. The ordinary copper alloy contained
from 12 to 14 per cent, of copper, while alloys
containing a higher percentage of copper were
used—particularly in America—for castings for
pistons, and generally for castings which had to
be close grained. Such an alloy, if it fractured,
shows a fine silky fracture. Table 11l showed
some comparison. The <Y ” alloy, which has
been developed by the National Physical Labora-
tory, has a tensile strength (wrought and heat-
treated) of 25 tons, and an elongation of 25 per
cent.—almost as good as mild steel. Duralumin,
composed of 4 per cent, copper, 0.5 manganese, 0.5
magnesium, and 95 per cent, aluminium, had an
even greater tensile strength, but its elongation
was less by about 5 per cent. There were a num-
ber of proprietary alloys in the market, but it
was found on analysis that their composition varied
very little from that of the ordinary commercial
alloys.

Improving the Properties.

Just as it was possible to improve the pro-
perties of certain other alloys by the addition of
a small percentage of other metals—brass, for
instance, was improved by the addition of small
percentages of iron, nickel, and manganese—so
also it was possible to get aluminium alloys of
great breaking strength and ductility by the addi-
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tion of small percentages of other metals. If small
percentages of iron and nickel are added to a plain
copper-aluminium alloy, a material was produced
which has a tensile strength of about 11 tons
and quite a good elongation—about 5 per cent.
Such an alloy, if it is remelted, retains its good
qualities. If its structure is examined under the
microscope, it is found to be very close and silky.
The nature of the fracture of any aluminium
alloy gives one a very good indication of the
properties of the alloys. If the fracture is coarsely
crystalline, it indicated a weak metal.

If an attempt is made to further improve the
properties of this alloy by increasing the per-
centages of the additional metals used, it is found
that there were present brittle crystals of an iron-
aluminium compound. The alloy is not improved
therefore. The tendency is the other way, and
the material is comparatively weak. This is
common experience. Good results are obtained up
to a certain point, but there is a limit beyond
which results were far from good.

Corrosion of Aluminium Alloys.

The properties which were desirable in alu-
minium alloys for commercial purposes might be
summarised as follows: (1) The metal must be
capable of being easily handled in the foundry;
(2) it must have reasonably good tensile strength
and ductility; (3) it must he easily machinable
in the shop ; and (4) it must be capable of resist-
ing atmospheric and sea-air corrosion. The author
has had occasion to examine quite a number ,«f
alloys in regard to corrosion, and he has found
that the following method of testing is 'the
best: A steel bath is prepared in which the
aluminium specimens are hung. Some salt water
is put into the bath, and compressed air is then
blown in. This forces the water up through fine
nozzles, and as it meets the air current it was
changed into a mist which fills the bath. This
test is a very good index as to how an alloy
would stand up to work as a fitment on board
ships. It is important also to study the various
conditions which arose when the alloy is in con-
tact with other metals, and for this purpose holes
are drilled into the specimen plate, screws made
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of other metals are inserted, and the changes
occurring are noted. If a steel screw were
inserted in the specimen plate, there was not so
much corrosion as when brass or copper screws
were used. Aluminium alloys which contained
high percentages of copper corroded most quickly.
It was found in the test which he had described
that the *“ Y ” alloy showed the best results for
the first week or two, but the BS7 alloy ulti-
mately proved the best.

Heat-TreatmenU

In view of the comparatively low strengths of
commercial alloys, some other method which would
give better results is necessary. The heat-treat-
ment process is employed. This process has been
carried out for a long time in the iron and steel
industries, and there was no reason why it should
not be applied to aluminium alloys. They would
get a very good idea of the effect of this treat-
ment by comparing a series of alloys containing
increasing percentages of copper. As the per-
centage of copper was increased it was found that
the tensile strength increased from 6 to 8.4 tons,
11.6 with 10 per cent, copper, while there was
a corresponding fall in elongation, as set out in
Table 1V.

Tabte IV.—-Addition of Copper to Aluminium. Heat

Treated Sand Cast Test Bar Results. 6 Hours at
500° C. Quenched in Water. Aged 6 Days.

Yield Tensile

Point Strength  Elongation

Copper % Tons per Tons per (?
sg. in. sg. in.

2. As cast 2.8 6.0 44
Heat treated 4.0 8.0 8.8
4. As’cast 3.6 6.8 3.8
fHeat treated 6.2 9.2 3.8
6. As cast 44 7.2 1.9
Heat treated 6.4 9.2 2.0
8. As cast 6.4 7.6 13
Heat treated 10.0 10.8 1.0
10. As cast 8.4 8.4 —
Heat treated 10.6 11.6 0.6



Under commercial conditions there was not
sufficient time in cooling for the constituents of
the alloy to attain equilibrium. But if the alloy
were raised to a temperature of 500 deg. C., and
maintained at that temperature for several hours,
there was an improvement in both the tensile
strength and elongation. In the case of one alloy
the elongation was doubled by this process. But
although improvement was effected, it was not
sufficient—seldom more than 50 per cent.—to
warrant such an expensive process, and one which,
moreover, required so much time. Unless it could
be made to effect a vast improvement, the heat-
treatment process was not worth while. W ith
steel it was possible to get more than 100 per
cent, improvement in properties by this treat-
ment, and if they could effect as great improve-
ment with aluminium alloys, they would be taking
a very big step.

In the qgase of steel, it was the presence in
the metal of only 1 per cent, of carbon which
made this vast improvement possible, and if they
could introduce to the aluminium a constituent
with analogous properties, a great advance would
have been made. It was found that by adding
to aluminium alloys a small percentage of mag-
nesium an improvement was effected, but it was
not the magnesium alone which caused this
improvement. It was possible to draw up tables
for aluminium-zinc or aluminium-silioon alloys,
showing the same general tendencies when
magnesium was added. Although magnesium has
been used for a considerable time for alloys—
notably in the case of duralumin—no scientific
explanation of the change was advanced until
recently. He had already mentioned that there
was always present in commercial aluminium a
small percentage—about ”~ per cent.—of silicon,
and it was found that when magnesium was added
to the alloy it combined with the silicon to form
magnesium silicide, and it was this compound, and
not the magnesium alone, that caused the
improvement in the properties of the alloy under
heat-treatment.

Raising Strength AI-Cu Alloy.

The National Physical Laboratory had done a
rreat deal of work in this direction, and it was
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found that by this process, after quenching in oil
or water, the tensile strength of the alloy was
increased from 7 tons to about 14 tons—more than
100 per cent, improvement could be effected. By
rolling or forging, a stress of 20 to 25 tons and
an elongation of about 20 per cent, could be
obtained. It was interesting to note that the heat
treatment of iron and steel had been carried on
for centuries long before a scientific explanation
was given of the changes which occurred. The same
thing had happened in the case of aluminium
alloys, and it was only within the past year or
two that an explanation was furnished. If alu-
minium had always been produced in a high state
of purity—that was to say, if no silicon had been
present—then it would not have been possible to
produce duralumin and other alloys of similar
strength. It was only by reason of this accidental
presence of silicon, for instance, that it had been
possible to build up this industry which was so
important in the production of aeroplanes. The
heat treatment of aluminium alloys was now a
commercial proposition. Such alloys were used for
small castings—pistons and other light parts—very
successfully. In the case of larger castings, diffi-
culties arose, for they had a tendency to sag and
bend, but it was possible to overcome some of these
difficulties.
Ageing.

Closely connected with the heat treatment pro-
cess was the phenomenon of ageing. This term was
applied to the gradually increased hardening which
occurred in these alloys during comparatively short
periods after quenching. If the alloy was tested,
a few hours after testing it was found to give
higher figures of stress. In the case of duralumin
rods, the tensile strength immediately after
quenching was about 16 tons per sg. in. This
figure rose in 24 hours to 25 tons, and the maxi-
mum value was reached in two days. No satis-
factory explanation had been given of this change,
but it was possible that some of the consituents
separated outvand so produced a hardening of the
alloys. With 'such results, there was a chance of
light aluminium alloys displacing some of the other
light metals. It should be noted, however, that
if the temperature were too high, some of the



constituents of the alloy would melt, and in this
condition the material was quite worthless, being
very weak and brittle. At the same time, if the
temperature was too low, diffusion did not take
place quickly enough, and good results would not
be obtained.

Foundry Application.

In regard to foundry work with aluminium
alloys, it was necessary in order to obtain good
results to be guided by the same principles which
applied in the casting of other alloys—irons, steels
and the heavier non-ferrous alloys generally. It was
important to pay careful attention to the metals,
owing to their comparatively low strengths. One
had to avoid over-heating, and temperature con-
trol had to be good. These light alloys, however,
possessed certain peculiarities which made them
quite distinct. They were comparatively weak at
high temperatures—those temperatures which
occurred immediately after the metal had solidified
—and also they had quite a high contraction.
Unless adjustments were made for uniform rates
of cooling on heavy and light sections, contraction
cracks would develop.

In the preparation of the metal for casting, care
should be taken that it was not overheated in the
furnace, and it should be poured at as low a tem-
perature as possible—generally about 700 deg. C.
The metal should be very carefully skimmed. This
removed most of the oxides present, but a small
percentage still remained in the alloy, and fluxes
were used to get rid of this. The melting of
aluminium was generally carried out in plumbago
crucibles or iron pots. With the latter, it was
necessary to line the interior with a coating of
silicate of soda and whitewash. W ith plumbago
crucibles it was found that the aluminium had
quite a searching action on the material of the
crucibles. It apparently dissolved some of the
silicon present in the make up of the crucible,
making the walls quite friable. The author has
found that beneficial action of fluxes was more or
less nullified by their bad effect on the walls of the
crucible, which were liable to give way at certain
points, forming a dust.

Some advocated the use of a small percentage of
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magnesium as flux, and it was said that the mag-
nesium reduced any aluminium oxides that might
be present in the metal. That, however, was not
the case. Even if such an action did take place,
the magnesium oxide produced would still remain
in the metal. After the metal had been skimmed,
the temperature should be read. The best tem-
perature for pouring aluminium castings was the
lowest casting temperature, say, 700 to 750 deg. C.
In some cases, and especially with thin castings,
it was necessary to pour above that temperature.
The metal should always be poured in as quietly
as possible.

Gating.

In regard to gating, the best type of gate was the
branched type, with a number of smaller open-
ings leading into the main casting, which could
readily be cut off with a hack saw. If they started
with a symmetrical casting and then attached a
gate, the symmetry or uniformity of the casting
was broken, because the gate was part of the cast-
ing. Not only so, but as the metal entered the
mould it cooled as it reached the far end, which
solidified .first and set, oausing con-tractkm at
one end of the casting, and tension at the other
end. If the casting was unsymmetrical with one
side thicker than the other, it was better to at-
tach the gate to the thinner side. This produced
uniformity in the casting and in the cooling, and
inequalities were avoided.

Contraction in Aluminium Alloys.

Wi ith aluminium, contraction took place on the
outside of the casting, and not inside as in the
case of iron castings. It was better to have any
contraction which might occur on the outside. The
remedy in both cases was the same—the application
of a chill of iron or brass to the heavier section.
The use of chills was quite legitimate and could
not be classified as a fake. Scientifically and tech-
nically it was a process which should be used
wherever possible. The employment of a riser and
a chill produced a sound job. With a riser, how-
ever, there was a large mass of metal which cooled
more slowly than other parts of the casting, and
the use of too many risers brought too many varia-
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tions in the rate of cooling. It was quite common
for a novice to apply a chill in the middle of a
thin casting in order to avoid a crack. That was
the wrong method. The correct method was to
apply the chill at the heavier section of the cast-
ing, and at the same time to round off -the short
corners.

DISCUSSION.

Me. Longden said he thought they should con-
gratulate Dr. Hyman on his address, which had
been very interesting and which had been given
in a very helpful way. It was probably inevit-
able, when a lecturer covered so much ground as
Dr. Hyman had covered, that he should touch
upon points on which there was a difference of
opinion. Referring to shrinkage of aluminium as
compared with the shrinkage of cast iron Dr.
Hyman had given the impression that cast iron
in this respect was a dangerous material, and
that in crystallising it always showed its shrink-
age in cavities in the interior of the casting.
That was not So. In many cases the shrinkage, if
it occurred, took the form of an exterior cavity
as in the illustration of aluminium. He did not
agree with Dr. Hyman’s conclusions as to the
mechanism by which solidity was reached. Dr.
Hyman had led them to believe that only the
action of quick cooling due to the use of the
chill in a heavy part of the casting was respon-
sible for this. That was not the case. Quick
cooling by itself was not the cause of solidity in
either cast iron or aluminium. He thought, also,
that the application of a chill probably increased
liquid contraction. Quick cooling was merely the
step which made the correction of the defect
possible. In either case practically the same
amount of shrinkage would take place, but in the
one case solidification was speeded up just at the
most effective moment, which would allow of the
entry of new metal to fill the void consequent
on quick cooling of the heavy part.

In regard to corrosion, Dr. Hyman had led
them to believe that alloys of aluminium contain-
ing zinc were bad. He was not sure that the
figures given were an entire proof of this. He
thought that Dr. Hyman’s strictures were a little
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too severe to be representative of the truth. The
result of such a statement might be that people
working with aluminium-zinc alloys might be
afraid to proceed with the work. He did not
know whether Dr. Hyman’s test with the steel
bath was a true test, because he should think
that sea-spray was a very much more complicated
test than that employed. He was inclined to
believe that the organic constituents of sea water
were very much more complex. He was sure that
certain aluminium-zinc alloys had been proved
to be superior to some of the others mentioned
by Dr. Hyman.
Action of Chills.

Dr. Hyman, in reply, said that the action of a
chill was twofold, and in this respect he agreed
with the speaker that it hastened liquid contrac-
tion. He wished to point out, however, that it
was really the rate of solid contraction just after
the metal had solidified that had a pronounced
effect upon unequal rates of cooling, and there-
fore upon any cracks which might develop. In
the case of cast iron the chills were used chiefly
to overcome liquid contraction.

So far as corrosion was concerned, his own work
confirmed that of previous experimenters, and jhe
should like very much to see any authoritative
data of aluminium alloys containing zino which
behaved better than those in which zinc was not
present.

American Practice Compared.

Mr. Williamson Said he agreed with most of
what Dr. Hyman had said. The Americans pre-
ferred a copper aluminium alloy, but they in
Britain preferred an alloy (L5) with 13 per cent,
of zinc and 3 per cent, of copper. Dr. Hyman had
mentioned a figure of about 700 deg. C. If they
raised the temperature of the aluminium, what
effect would that have upon the casting?

Dr. Hyman said that the commercial alloys
containing copper only were used chiefly in
America, and those containing both copper and
zino were used chiefly in this country. He
thought there might be two reasons for this. The
first was that in this country we started with
copper-zino alloys.  The industry got used to
these alloys and did not like the change. In



America, on the other hand, they had been work-
ing with plain copper-aluminium alloys from
the very beginning. The second reason was that
the copper-zinc alloys were cheaper.

As to the effect of increasing the temperature—
by, say, 100 deg., as the speaker had suggested—
there was a danger when using a metal hotter
than necessary of super-heating. The casting
would therefore remain at a high temperature
longer than necessary, and under these condi-
tions there was a danger of cracks taking place.

Aluminium Alloys at Elevated Temperatures.

Mr. W illiamson interrupted to point out that
Dr. Hyman had evidently misunderstood him.
When he referred to temperature he did not mean
the temperature of the melting alloy. There was
not much danger of over-heating the metal in the
furnace, if they brought the temperature down
before making the casting. Of course, it was
better to be on the safe side, and bring the metal
up to pouring temperature, rather than overheat
and then cool it down. What he required
to know was what effect the heating of
typical British and American alloys in working
parts of machines, say to 100 deg., would have
upon the metal.

Dr. Hyman replied that as long as the tem-
perature did not get higher than 300 deg. O.
there was not much danger of anything going
wrong with the casting. As a matter of fact
aluminium castings'like pistons, as used in the
motor industry, had to withstand as high a tem-
perature as 300 deg. C. There was one advantage
in that case with aluminium—it was a good con-
ductor of heat, and super-heating for that reason
was less liable to occur.

Mr. Arnoce Said that with most of the Paper
he was in agreement. It was perhaps a matter
of interest to members to know the extent to which
aluminium castings were replacing gun metal.
Most people regarded aluminium castings as
rather fiddling sort of things, but at the present
time complete pump castings up to 4 cwt. had
been made in aluminium. Such a casting made
in gun metal would weigh about 12 cwt.
Aluminium castings were really coming into
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ordinary engineering work to an extent which waa
quite unknown ten years ago. For some reason
or other the Admiralty had awakened to the fact
that there was such a material as aluminium.
They were going into the matter now very whole-
heartedly and quite a few of their own members
were benefiting to some extent from that change
of policy.
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Wales and Monmouth Branch.
WASTERS.

By J. J. McClelland, M.l.Mech.E. (Member).

In collecting material for this Paper, the author
tried to divide the responsibility for wasters
under two headings, one the moulder and the other
the management, but this proved to entail diffi-
culties and appeared undesirable.

The various types of wasters found in foundries
reach an almost astonishing number. To men-
tion a few would be to include * runouts,”

“ short pours,” “ scabbing,” “ crushes,”
“ blows,” *“ cold shuts,” “ misruns,” “ cross
joints,” * cores lifting,” “ cores breaking,” “ con-
traction cracks,” “ strains and swells,” “ dirt and
slag,” “ hard spots,” *“ warping,” “ bad feed-
ing,” etc.

A kind of court of inquiry or inquest is helpful
in all foundries, and the foreman or some equally
qualified person should be appointed to call at
least the apprentices together to discuss the cause
of all wasters, and instructions should be given on
how to prevent their repetition. As an appren-
tice the author made castings for mechanical
stokers for boilers, and one of the castings came
out badly scabbed. The foreman, after lecturing
him soundly, kindly reminded him that if he noted
the cause of the trouble he would have learned
more from the bad casting than he would have
learnt from a thousand good ones.

Runouts.

In Pig. 1l—an ordinary scullery copper—it is
quite obvious that if there be a runout there is
little chance of saving the casting, and it is per-
haps advisable to let it go and not waste further
time and metal on it. Being thin, the casting
will set quickly, which would add to the chances
of being able to save it. The joint, being at the
lowest extremity, adds still further to the possi-
bility of its being saved.
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To prevent this trouble, the joint should be
rammed sufficiently hard. No joint can be
rammed too hard, and when the mould is open
nothing should be done to disturb or alter the
shape of the joint. If this be done, and sufficient
weights or cramps are used when casting, runouts
will be considerably reduced.

Fig. 2 shows a lead pot, and in this case if there
be a runout there is a better chance of saving the
casting, but some moulders have a careless habit
of leaning on their joints, sometimes slicking them

Fig. 1.

over with their tools and sometimes kneeling on
joints, all of which have a tendency to disturb the
shape and create gaps through which the molten
metal can find a way. |If it is impossible to avoid
getting on to a joint, then something should be
spread over it to avoid damage.

Short Pours.

These are nearly always inexcusable. There are
ample means of finding out how to calculate the
weight of castings and the capacity of ladles, with
which information it would be well for every
foundryman to equip himself.



Scabbing.

This is probably the most common evil in the
foundry, and cannot always be attributed to faulty
moulding. Materials provided by the manage-
ment may sometimes cause a good deal of heart
ache, and often a long time elapses before the true
cause of the trouble is discovered. A personal
experience might serve as a suitable illustration
on this point. When visiting a certain foundry
which was having considerable trouble from scab-
bing, the author was asked oould he define the
cause. He first inspected the sand, of which two
kinds of sand were being used, namely, Mansfield
and Southampton yellow, and upon examination it

was found that the yellow sand contained large
lumps of clear clay. The sands not being suffi-
ciently well mixed, the clay lay in patches. When
this trouble was eliminated scabbing ceased.
W hilst clay is an essential in the foundry, it is
an enemy when used indiscreetly.

Figs. 1 and 2 are almost similar in shape, yet
very few moulders would recommend making these
two castings in the same manner. Fig. 1, being
thin, the casting has to be run very quickly,
usually with a thin flat gate on top (A). If an
attempt were made to cast the other way up, it
would necessitate two or three runners on the joint
of the mould, and even then success would not be
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assured. Fig. 2, if made the same way, would
probably scab because the gases could not escape
sufficiently freely, and the casting, being so much
thicker, contains more gases.

The internal portion of the sand is supported
for lifting by the insertion of a four-winged grid
or arbor. In the centre of the arbor is a screwed
rod, suspended from a plate resting on two of the
bars in the top portion, and to prevent the risk of

screwing up too tightly distance pieces (X) are
inserted, and a wedge (Y) driven in under the bar
to ensure rigidity when lifting the top mould
away for the withdrawal of a pattern.
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In Fig. 3 is an outline drawing of a winding
drum with double arms set at each end. It is cast
in green sand, where the risks of scabs are great.
To the general founder it is well understood that
a job of this description contains nearly all the
elements to which a moulder is opposed. In the
first place, the moulder cannot be given a com-
plete pattern to work with, the drum itself being
4 ft. x 3 ft., he will probably have to work from
a pattern consisting of a plain ring, probably
9 or 10 in. deep, with loose arms and flanges for
top and bottom. Consequently, he would only be
able to ram initially to the depth of the pattern
ring. Then the ring would need to be drawn up
3or 4in. at a time with additional ramming each
time, and all this adding to the difficulties of
making the job safe.  As it is the general prac-
tice to make this class of work for casting on end,
it will be obvious that the mould must be very
firmly rammed all over, and particularly at the
bottom end. It will also be apparent that special
arrangements are necessary for getting the air or
gases away from the outer portion of the mould,
as well as from the core. Every precaution should
be taken to prevent the possibility of runouts at
the bottom joints, for once the metal has started
to make its escape in this vicinity there would be
very little hope of saving the casting. Further,
in connection with the core, it will be noticed from
the illustration that the ordinary lifting plates as
used for pulley arms are inserted, but for work of
this description it is necessary that plates should
be very securely attached to each other in the form
of a stout bridge bar (M), or a similar arrange-
ment for lifting the core when ramming is com-
pleted and for the extraction of the patterns.
This being a six-armed drum, a lifting rod or eye
bolt is shown at “ N.” There would be three such
bolts distributed equally between the six arms.
On the three remaining lifting plates it would be
necessary to provide some means of preventing
the pressure of the metal from lifting the plates.
If these plates were allowed to lift, in consequence
of the condensation which takes place in the mould
they would be sweaty, and if the metal were to
come into contact with this sweaty condition there
would undoubtedly be a very serious explosion,
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causing extensive damage and probably injury to
those in the immediate vicinity. To provide
against this contingency, on the three lifting
plates where there are no eye bolts, an ordinary
length of core barrel “ 0  is inserted which pro-
trudes just through the top, and when the mould
is completed these plates are fastened down by
the most suitable means available. Six pieces of
gas barrel, “ Pl and P2,” are rammed up in the
top part around the eye bolts and core barrel to
prevent damage when being removed and replaced.

The method of running found most satisfactory
will be as shown at QI, Q2, Q3 and Q4, repre-
senting two runners fixed on the top boss,
which are extended through the core to the bottom
boss. One peculiarity about this system of run-
ning is that the runners between the bosses must
be comparative in size with the section of material
in the casting. Otherwise there would be danger
of unequal contraction in cooling, and if the run-
ners had the tendency of cooling more quickly
than the main casting they would be likely to
cause fracture in the arms. It should also be
borne in mind that they should not be made
heavier than necessary, owing to the difficulty in
removing them when the casting is being trimmed.
In some cases, where they do not have the effect
of being unsightly, they are not removed at all,
but are allowed to remain in the casting where
they undoubtedly would perform the function of
a strengthening bar and distance piece between
the two bosses.

There is one important feature in connection
with a job of this kind and that is the necessity
of careful venting and ample provision for the
escape of gas, especially in connection with the
core, as all gases must be brought away through
the three-core barrels which also function for hold-
ing down the lifting plate. It is also necessary
with a core of these dimensions and shape to in-
sert a fair number of stiffening rods during the
ramming up of the core and at least at two or
three intervals there should be a good layer of
small coke or cinders through which the air could
escape rapidly to the channel of exit, which in
this case would be the small pieces of core barrel.
Great care is also necessary in ramming. The
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point of the rammer should not be allowed to come
closer to the pattern than from Ij to 1] inches.
This practice applies to all classes of work in the
foundry. If the rammer is allowed to come into
close contact with’ the pattern, the result is a
series of small shell scabs.

Crushes.

These are avoidable, and usually come from
careless mending up or plastering on too much
where it has been found necessary to patch a
mould. To be on the safe side, every mould should
be re-opened after closing, to ensure there is no
trouble of this character. Blows also have several
causes. They are chiefly attributable to gases
in the metal. The moulder is not responsible for
the materials used in metals, consequently he is
not always responsible for blowholes. As is well
known, cast iron naturally absorbs sulphur, and if
a faulty supply of coke is obtained which contains
more sulphur than it should, the iron will absorb
some of the sulphur which might probably show,
up later in the casting in the form of blow holes.
The moulder is sometimes at fault with his ram-
ming, or if he uses sand containing too much
moisture, also improper venting, or the placing of
runners and risers in the wrong position.

Cold Shuts.

Here the moulder can be responsible, and per-
haps, also, the management, should the latter
insist upon the use of metals unsuitable for the
work in hand. For instance, Fig. 1 could not be
cast with strong Scotch iron, and even in Scot-
land, where a large amount of work of this type
is made, Middlesbrough iron is chiefly used, owing
to its excellent fluidity allowing free running for
thin castings. It is also not so troublesome from a
contraction point of view. For Fig. 2 and Fig. 3
the lower phosphorus irons are more suitable. In
the case of thin work, if the sand be too strong,
it would have the tendency of hindering the free
flow of metal, resulting in cold shuts.

Cross Joints.

These are also inexcusable. Faults of this descrip-
tion may be attributable to both sides. W here
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boxes are made to fit too loosely, there is a well-
known practice of keeping them twisted in the
direction of the travel of the sun, and if this is
not possible, there are other methods for making
sure that the joints meet properly. On the other
hand, it is far better, and it removes the possi-
bility of risks being taken, if the management will
provide well-made boxes for use in the foundry,
and thereby eliminate this class of trouble to a
large extent.
Cores Lifting.

The moulder often has complaint against the
pattern-maker on account of insufficient prints so
often being put on patterns. Take an 18-inch
cylinder, for example, probably from two to three
feet long. A common practice would be for the
pattern-maker to only put on an inch or an inch
and a half core print on the pattern, leaving the
moulder the difficulty of having to secure a core
on prints of such dimensions. This is a system
of false economy, and although it may mean the
saving of a few pence in the pattern-shop, it neces-
sitates additional work for the moulder, besides
the added risk of losing a casting. The American
practice is to go to the other extreme by providing
ample core prints on all types of cylindrical or
pipe patterns. They do not use core barrels as
numerously as we do. Chaplets also prevent cores
from lifting and the proper use of these acces-
sories should be well understood.

Cores Breaking.

This may be more attributable to the core maker
than to the moulder. Every core should be satis-
factorily ironed and strengthened, and of course
a good core cannot be made with bad sand.

Contraction Cracks and Warping.

These cannot always be attributed to the
moulder, yet he should be conversant with the
causes and remedies. By giving proper attention,
some castings can be prevented from warping.
Take a lathe bed for example. These are not de-
signed of uniform section, and therefore part of
the metal has completed contraction before the re-
mainder. This means that the box portion of the
bed, which is designed to be of sufficient strength
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to bear the anticipated load, is always thinner in
section than the slide rails, which have to take the
wear and tear of the saddle. A common practice
when moulding this type of casting is to hend the
pattern to the same amount as the anticipated
warping. This is not the most desirable method,
as a casting treated in this way always retains a
strain on the structure, which is never released
until fracture takes place. The more preferable
custom isto mould the pattern straight, and imme-
diately after casting, when the iron has solidified,
the heavier sections should be stripped and made
bare, in accordance with the dimensions of the bed
being made, so that the heavier sections may be
encouraged to cool down and complete contraction
in the same period of time as the lighter section.
This produces a casting free from strain, and is
much more satisfactory to all concerned.

Strains and Swells.

These are usually the result of careless and unin-
telligent ramming and are nearly always avoidable.

Dirt and Slag.

These complaints very often arise from the un-
satisfactory system of arranging runners. Fig. 2
illustrates a runner “ W ” carried to the base of
the casting. It would be possible to run the same
casting on the joint at “ Z,” but the results would
more than likely be unsatisfactory. Firstly, there
would always be a suction in the runner during
the casting, which would naturally attract all dirt
which got into the pouring bush, conveying it into
the casting. Secondly, the flow of the metal over
“V ” would have a tendency to cause scabbing,
and beating against “ It ” may also create the
same trouble and the dirt which would accumulate
from these two troubles might become apparent at
points “ Sl and S2.” In all work of this descrip-
tion, it will undoubtedly be found preferable to
carry the runner to the bottom if possible.

In the same illustration we get an example of
the effects of sponginess and faulty feeding.
Although the bottom of the pot is of a thicker
substance than the sides or the flange, it is not
usual to find sponginess in the bottom portion of
the casting. It would be more likely to appear at
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“T1” and “ T2.” This could be overcome by the
introduction of %riser at “ 2X.” This would act
as the feeder, and it will be noticed that a riser
has been made considerably larger in sectional
area than the casting, the idea being that this is
always preferable where possible. It is recom-
mended that in casting a job of this description,
pouring should cease immediately the metal has
appeared in the riser. Probably a handful of
charcoal would be helpful in retaining the tem-
perature until it would be possible to bring along
a fresh supply of hot metal from the cupola, with
which the riser should be filled to the top. With
the renewed rising temperature the riser would
have a tendency to remain fluid until the main
casting had completely solidified. If or when it
is found necessary to resort to the use of a feeding
rod, the operator should be very intelligently
schooled in the use of same.

Discussion.

In opening the discussion, Mb. Gataetiy (Presi-
dent) suggested that an improvement might he
effected in the system of running Fig. 2 if the
method shown by dotted lines were used in place
of the runner shown. This point was agreed, but
it was suggested the introduction of such a runner
might entail some difficulty. Mr. Galletly also
confirmed the types of iron necessary for light and
heavy castings, stating he had had an unpleasant
experience owing to high-phosphorus iron having
been used for a heavy casting.

Mr. Hird, referring to the question of clay in
the sand, stated that there was clay in all mould-
ing sand, and if it was eliminated, the sand would
be useless for moulding. It was interesting to
examine washed and raw sand under a microscope.
The former appeared as a bright substance, whilst
the latter had a little coating of clay covering it.

He asked for an expression of opinion on open
and closed risers, the reply being that closed oOr
covered risers should be used, particularly in con-
nection with thin work, where it was necessary to
rush the metal in as quickly as possible, which
usually causes risers to roar, which in turn has a
tendency to pull down the faces of the mould.
Mr. Hird thought that for some classes of thin
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work there was an advantage in having an open
riser. If it were closed there was pressure on the
sand all the time. With regard to coal dust, he
asked whether it was advisable to use none at all
or a reduced amount for thin work, or should old
sand be used.

In reply, Me. McCrettand said that for very
thin work no coal dust at all was required. By
way of illustration he quoted that when making
thin, flat plates about 5 ft. by 3 ft., | in. thick,
with a 1-in. flange all round, it had been found
that an equal proportion of new and old sand
thoroughly mixed and a coating of plumbago on
the face of the mould had been most satisfactory.
Fig. 1, for example, would always be made with-
out the use of coal dust.

Replying further to Mr. Hird, the speaker said
that the elimination of coal dust helped to pre-
vent seams on thin castings. For varying tyjpes
of castings it was suggested that coal dust in the
proportion of 6 to 1 should be used for heavy cast-
ings, 8 to 1 for light castings, and for very light
castings no coal dust at all. For a casting as
illustrated by Fig. 2, the proportion should be
6tol.

Mb. Hied thought it was very difficult to get a
lathe bed straight by stripping, but thought that
by putting in camber, although admitting there
always was a strain, this was not a serious defect.

Me. McCirettand replied that whilst it might
be all right to camber the pattern of a small lathe
bed, he could not agree with the practice when
making a large lathe bed, say, of 11 tons. Weight-
ing moulds had been referred to in connection

with runouts. The rough practice in many
foundries was to use three times the estimated
weight of the casting. A well-known moulding

machine maker in America had advocated that
there was a 3|-Ib. to the sq. in. lifting pressure
on all types of castings, no matter what their
depth, but the more reliable formulae was one
established in this country of 1-lb. pressure to the
sq. in. for every 4 in. of depth, e.g., 8 in. deep
would have 2 Ibs. pressure to the sqg. in. and 12 in.
deep 3 Ibs. pressure per sg. in., and so on.

Mr. Jenkins spoke of having seen a pot very
similar to Fig. 2 made the reverse way, with
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disastrous results, the casting having a perfora-
tion in its base when the test was made with
water.

Mr. Evan Davies asked what method would be
adopted in extracting the pattern from the mould
in Fig. 3. Also, whether it would help matters
if the runners were put in on the slant to prevent
contraction between the bosses. The reply was
that it would be necessary to lift the middle part
of the mould away and then withdraw the core to
extract the pattern and make the necessary repair
to the mould and also for convenience in blacking
the mould. With regard to the slanting runner,
this method might be an improvement on that
shown.

Mr. Kinsman asked whether the runner in Fig. 3
was not liable to cool more quickly than the other
part of the casting, the reply being that the run-
ners should be of such proportion as to obviate
this. At the same time, it must be remembered
that by the flow of molten metal through the
runners whilst the casting is being poured, the
surrounding sand is raised in temperature to such
an extent that it assists in retaining the heat in
the runners so that the whole casting cools down
more or less equally.

Mr.R. G. Wilttiams stated that patternmakers
did not like to take any blame, but preferred to
refer to draughtsmen’s errors and patternmakers’
oversight. It was part of their duty to consider
the economical use of their materials.

In proposing a vote of thanks to the lecturer,
Mr. P. Leonard Gould offered congratulations,
saying that he thought this was the type of lecture
needed in this Branch. Mr. Marsh seconded,
and the motion was supported by Mr. R. G.
Williams.



Middlesbrough Branch.
NON-FERROUS FOUNDRY PRACTICE

By A. Logan (Member).

The first outstanding fact about brassfounding
as compared with ironfounding which must strike
everyone is that of purely commercial considera-
tions, i.e., the big difference in the cost of the
metal going into the respective moulds. Whereas
a pound of good-quality cast iron costs only a
matter of three farthings, non-ferrous alloys may
range from 7d. to Is. 6d. per Ib., or from 9 to 24
times as much'. Assuming the same percentage
profit in each case, castings in non-ferrous alloys
will yield a much higher profit compared with
similar castings in iron. A brass foundry of the
same output as an iron foundry will therefore
have a far greater commercial value per annum.
Conversely, whereas a waster in cast iron may not
amount to much, a similar waster in non-ferrous
means a far greater loss of potential profit.

The following remarks are mainly concerned
with some of the metallurgical considerations of
brass founding, consequently there is little to say
regarding actual brass moulding as compared with
iron moulding. One thing is certain, however;
a good brass moulder can go over to iron and pro-
duce first-class iron castings, but an iron moulder
cannot produce successful non-ferrous castings
without some previous brass-foundry experience or
knowledge. Generally speaking, brass moulding
calls for greater care and accuracy at every stage.
Although non-ferrous alloys melt, and are poured
at a very much lower temperature than iron, it is
surprising how fluid and searching some of these
alloys are upon the mould.

Solidification of Non-Ferrous Alloys.

In tracing trouble, it is necessary to understand
the principles which govern the solidification of the
particular metal or alloy in question. As alloys of
the bronze type are greatly used, the equilibrium
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diagram of the copper-tin series should be con-
sulted. The complete diagram is rather compli-
cated, but the portion containing up to 20 per
cent, tin (which includes all the commercial
bronzes) is quite simple, and worth studying by
the practical foundryman. Pure copper has a
freezing point of 1,084 deg. C., and pure tin a
freezing point of 232 deg. O., consequently none
of the bronzes can have a freezing point as great
as 1,084 deg. C., as the greater the amount of tin
added, the lower the freezing point of the result-
ing alloy.

Equili&rium Diagram of

Copper - Ttrs Alloys .

Fig. 1.—Equilibrium Diagram of the Copper-
Tin Alloys, up to 20 per cent. Tin.

The line A—B (see Fig. 1) is called the liquidus,
as at temperatures above this line the alloys are
completely liquid. The line A—B—C is called the
solidus, and at temperatures below this the alloys
are completely solid. Between the two solidifica-
tion takes place during an interval of time. Any
line shown below the solidus relates to changes
which take place in the solid material whilst cool-
ing. Such a change is shown to take place at
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500 deg. C. in alloys containing over 9 per cent,
tin. To take an actual example: In a bronze
containing 10 per cent, tin the first solidification
commences about 1,000 deg. O. As can be ex-
pected with two metals having such big differences
in freezing points, it is relatively pure copper
which starts to solidify first. This shoots out in
straight lines forming a sort of skeleton or back-
bone for the remainder of the alloy to solidify
round. Solidification commences simultaneously
throughout the alloy at all points at which the
temperature is 1,000 deg. Cl1 In the case of a
casting, the metal which travels the furthest, i.e.,
which is cooled the most, is the first to solidify,
and this solidification naturally always commences
at the wall of the mould, and proceeds inwards.
The dendrites, as they are called, which have
started to grow, soon find their progress checked
by others round them, consequently branches are
thrown out at right angles to the main axes, and
when these meet with interference, branches again
shoot out at right angles. In this way the crystals
are gradually built up, and it will be seen that
the shapes of the crystal boundaries are entirely
haphazard, and are due to the interference one
with another. The size to which the crystals grow
depends upon the rate of cooling, which in turn
depends upon the casting temperature and the
size and section of the mould, and in a lesser
degree on the ramming and thickness of sand.

When a waster casting is broken up, examina-
tion of the fracture (when guided by practical
experience) will indicate whether the casting tem-
perature was at fault. As the temperature falls,
solidification proceeds and the liquid portion
becomes richer in tin, as also does the material
which is building up the structure, and which is
known as the alpha solid-solution. At 790 deg. O.
the alpha formed should contain 9 per cent, tin,
and the remaining tin-rich liquid now solidifies.
If a specimen of 10 per cent, bronze was quenched
in water from just below 790 deg. C. it would be
found to consist of two constituents. One, the
heterogeneous alpha from almost pure copper
up to approximately 9 per cent, tin, and a small
amount of what is called the beta constituent,
which contains approximately from 22.5 to 27 per
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when slowly cooled to 500 deg. C. breaks down
(ijntlo alpha and a third constituent known as
elta.

According to the equilibrium diagram, a 10 per
cent, tin bronze should contain only very small
amounts of the beta constituent (or, as it finally
appears in the casting, the delta constituent), but
in actual practice, however, the rate of cooling
is the most important determining factor. The
slower the rate of cooling, the greater the amount
of beta formed, and consequently the greater the
amount of delta found in the casting. This has
a very practical application. The delta constituent
is quite different in physical properties and
appearance from the alpha matrix in which it
occurs, and it influences the physical properties
of the casting containing it in proportion to the
amount present and its distribution.

The lecturer then described a series of photo-
micrographs shown on the screen illustrating the
structures of sound, strong gunmetal, and weak,
unsound gunmetal. The chief outstanding differ-
ence in the case of the good gunmetal was that the
strong interlacing dendritic structure was strongly
developed, and this was always associated with a
very small amount of the delta constituent and
freedom from oxide films, etc. In the case of the
weak gunmetal, the pronounced dendritic struc-
ture was replaced by a weak, loose arrangement
assooiated with a large quantity of the delta con-
stituent in a more or less network formation, and
often considerable oxide inclusions and films.
The importance of the delta constituent was shown
when its properties were described. The delta is
a hard, brittle, bluish-white compound of copper
and tin in the proportion of one atomic part of
tin to four atomic parts of copper (actually
approximately 32 per cent, of tin). Being in
itself hard and comparatively brittle, it imparts
these qualities to the casting in which it occurs,
reducing the tensile and elongation in proportion
to the amount present. Foundrymen cannot
always look at the structure of their castings
through a microscope, but the fracture of the
material does to some extent give an idea of the
type of structure which the material possesses.
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Fig. 2 illustrates the intercrystalline fracture of
a piece of strong gunmetal when broken hot, whilst
Fig. 3 shows the same piece of metal sectioned
and etched to show the microstructure or crystal
arrangement.

If a consignment of scrap gunmetal is being
bought, and the fractures of the material resemble

Fig. 2.—Fracture of Strong Gun-Metal.
(Broken Hot))

that shown, it can be fairly safely assumed that
material of good quality is being obtained. On
the other hand, if any pieces have fractures
similar to that shown in Fig. 4 they should be
rejected. Similarly any risers or runners broken
from castings giving fractures of this kind indi-
cate that the structure of the material is at fault,

Fig. 3.—Macro of Gun-Metal.

and a poor result can be expected from the cast-
ing. If subject to hydraulic test, it will in all
probability prove porous. The physical properties
of gunmetal are thus dependent upon the struc-
ture, and the practical question then arises as how
best control the material in order xo produce the
right type of structure.
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Careful Melting Essential.

In many brass foundries the old-fashioned type
of pit fired furnace is still in use, and although
this type is far from ideal, yet it has a number
of good points. Its first cost is low, and it is
cheap to maintain. These advantages, however,
are probably much more than counterbalanced by
its low efficiency. It is also slow in melting, but
except where mass production is in operation, this
need not necessarily be a disadvantage. The
slower melting probably leads to economy of
crucibles, and these are an important item. Where
care is taken, the crucible with natural-draught
pit-fire melting is capable of giving the least
oxidised material. Other forms of furnace used
for brass melting are the tilting furnace, either

Fig. 4.—F racture op Weak Gun-Metal.
(Broken Hot.)

coke or gas fired, or oil fired, as demonstrated at
the recent Foundry Trades Exhibition in London.
Where larger quantities of metal are required at
one time, reverberatory furnaces are used.
Generally the pit-fire type only take up to 300 or
400-1b. crucibles, and a number of units are built
together. Where more than, say, a ton or 30 cwts.
of metal are required for one cast, then a rever-
batory furnace must be used, and these can be
built to suit whatever capacity is required. Fig. 5
is a general view of a foundry, and shows a battery
of 12 pit fires and one tilting furnace.
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Method of Making the Alloy.

The copper should be charged into the crucible,
and, if scrap is being used, this should go along
with it. A good covering of charcoal should be

given, the fire made up, and the furnace cover
put on. A good plan is to stand the crucible on a
firebrick slab, then as the fire burns away the
crucible remains undisturbed. The melting should

Fires.

Pit

o Foundry with B attery of

5.— View

Fig.
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be as rapid as possible. When the contents of the
crucible are just molten, the zinc is added, then
the tin, and the right amount of superheat is
attained as rapidly as possible. The mould should
always be completely ready before the metal, so
that the moment the right temperature is reached
the pot can be withdrawn from the fire, and,
after careful skimming, poured. These precautions
are all with the object of preventing oxidation of
the copper. A very large proportion of the
troubles which occur in non-ferrous castings is a
direct result of this one thing—oxidised material.
When it is realised how readily and easily copper
picks up oxygen when heated, and especially when
molten, the importance of taking the utmost pre-
cautions against oxidation will be appreciated. A
very simple object lesson, and one which should be
brought to the notice of all furnacemen, is to take
d' sheet or piece of scrap copper and place it in
the fire for a few minutes. [If it is lifted out
carefully and cooled down on a plate it will be
found to be thickly covered with a black powdery
scale. This is the copper-oxide which has been
formed as a result of the combination of the
metallic copper with oxygen from the air. At the
temperature at which copper is molten this
reaction takes place with great rapidity whenever
the surface comes into contact with the air. |If
the copper-oxide so formed would come to the top
of the metal it could be skimmed off, and the only
trouble would be the loss of copper. Unfortu-
nately, however, copper has the property of dis-
solving or alloying with its own oxide, and all the
copper-oxide formed during melting goes into the
alloy. If no steps were taken either to prevent
the formation of oxide during melting, or to
remove the small amount which is formed in spite
of the greatest care, the resulting alloy would be
sluggish and pasty, and castings poured from
such metal would certainly be unsound.

In the case of Admiralty gunmetal, the composi-
tion is 88 per cent, copper, 10 per cent,
tin, and 2 per cent, zinc, and the function of this
small amount of zinc is to remove the oxide formed
during melting. The oorrect time to add the zinc,
therefore, is before the tin. |If this is done, zinc
unites with the oxygen from the copper-oxide,

(o]
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forming zinc-oxide, which is a light white powder,
and is not soluble in the molten alloy. Zinc alone
is not a perfect deoxidiser, for if the metal is
badly oxidised it will not reduce more than a por-
tion of the oxide present, and in any case, even
with material which.is carefully melted, it does
not remove every trace of oxide. It is a good plan,
therefore, where the highest quality material,
giving the best possible results, is desired to add
a further deoxidiser in the form of a phosphor-tin.
Very little of this is required, the aim being just
to add sufficient to deoxidise and leave practically
none, or little more than a trace of phosphorus in
the finished metal. The object is to get the metal
as thoroughly deoxidised as possible before the
addition of the tin, not only to prevent the loss
of valuable tin by the formation of tin-oxide, but
because tin-oxide once formed is very difficult to
get rid of. Moreover, tin-oxide does not free
itself so readily from the metal as does zinc-oxide,
and it has a bad habit of crystallising in small
crystals of tremendous hardness, which are detri-
mental to the material.

Casting Temperature.

Once the material has been carefully made and
melted, there is still another point which must be
attended to before even the perfect mould can be
poured and a sound casting result. This is correct
casting temperature, and neglect of this one point
is quite sufficient in itself to bring about a waster
casting. Fortunately, with the bronzes there is
a fair amount of latitude. In the case of
Admiralty gunmetal, the range of casting tem-
perature extends from about 1,100 deg. C. for very
heavy castings to about 1,220 deg. C. for light
work. The rule to follow is to take into account
the section and mass of the casting, how far the
metal has to run, etc., and cast at as low a tem-
perature as ever possible.

W asters due to too high a casting temperature
can be expected when * tin sweat ” or segregation
makes its appearance on the top of the runner,
or wells up in the centre of the fracture when the
runner is broken off soon after casting. Analysis
and micro examination prove that the extruded
segregated material is the beta constituent, con-
taining up to about 25 per cent. tin. (See Fig. 6.)
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Acoording to the equilibrium diagram, a bronze
with only 10 per cent, tin should contain only
traces of this beta constituent, but in actual prac-
tice the rate of cooling has a very considerable
influence ; and unless the solidification is suffi-
ciently rapid, then large quantities of tin-rich
liqguid will accumulate and form segregations in
the portions of the casting last to solidify. In
extreme cases some of this is actually squeezed out
by the solidifying metal, and fornis the “ tin

Fig. 6,—Photo-M icrograph op Segrégation
Top of Runner, x 50 diams.

sweat,” as it is called, seen on top of the

The importance of correct casting temperature will
he realised, for if the casting temperature is too
high it means that the walls of the mould will
absorb an undue and unnecessary amount of heat,
which, owing to the poor conducting properties of
sand, will be retained and retard the solidification
of the casting. This is often the cause of trouble
where castings have varying sections. The casting
temperature must be high enough to run the thin
parts without any fear of “ cold shuts,” yet if the
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thicker portions are very much greater in section
there is a chance of segregation or “ drawn”
places resulting. In such cases it may be necessary
to resort to chills to even out the rate of solidifi-
cation. In this connection it should be mentioned
that much can be done by means of correct gating
and running.

Fig. 7 illustrates the different types of runner
heads which indicate pouring too hot, correct, and
too low. Castings with runner heads similar to A

Eig. (,—Effects of Extremes of Pouring
Temperatures. (Gunmetal.)

will probably suffer from oxidation films and pin-
hole unsoundness, and possibly show tin spots or
segregation in heavy sections. The crystal size
will be very large. Castings with runner heads
similar to C will also be unsound, owing to the
solidification taking place without proper feeding.
The presence of blow holes is also almost a cer-
tainty, due to the fact that there is no time for
gas to get free from the metal before solidification
takes place.

There is generally a tendency to pour on tho hot
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side, especially where a number of small boxes are
poured from one crucible. The high-tin bronzes,
and especially the phosphor bronzes, must not be
poured too hot owing to the greater amount of
“ beta ” which is normally formed, and which
V\Ilould segregate badly if the solidification was too
slow.
Other Bronze Compositions.

Admiralty gunmetal is a high-quality general-
purpose bronze, and as such is in general use for
high class engineering. Cheaper and more easily
handled alloys are used for ordinary engineering
purposes. These usually contain less tin and more
zinc, and often appreciable amounts of lead. An
alloy such as 86 per cent, copper, 8 per cent, tin,
2 per cent, lead, and 4 per cent, zinc is in very
wide use, and has been successfully used for
pressure work.

When bearing bronze is required it is necessary
to add more tin. Usually phosphorus is also added,
not only to act as a deoxidiser, but to form the
hard compound of oopper-phosphide, which, asso-
ciated with the *“ delta” constituent, assists
materially the good wearing properties. Although
the “ delta ” constituent is harmful in castings
for ordinary purposes, making them weak and
brittle, yet its presence is purposely encouraged
in bearing metal, as its great hardness enables the
metal to withstand a considerable amount of wear.

Lead is often added to bearing metals, a common
composition for locomotive work being 84 per cent,
copper, 15 per cent, tin, and 1 per cent. lead.
Lead added to a bronze does not alloy, but is dis-
tributed throughout the structure in the form of
small globules.

Brasses.

Although the usefulness of the bronze series is
beyond question, yet the continual rise in the price
of tin makes it worth while considering whether
brass could not be used just as well in many cases.
Brass is not suitable for bearings, nor is it suitable
to take big pressures, nor to carry corrosive
liguids. All constructional parts, however, can be
more easily and cheaply cast with a brass of the
Muntz metal type—that is, 60 per cent, copper
and 40 per cent. zinc. If desired, both tin and
lead can be added, and the physical properties still
maintained about that of gunmetal.
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Manganese Brass.

Muntz metal is really the base of all the high
tensile brasses. By the addition of tin, iron, man-
ganese, aluminium, and in some cases nickel, an
alloy can be produced with quite distinct properties
of its own. Different grades of manganese brass
can be made, depending upon the purposes for
which they are required, having tensile strengths
ranging from 30 to 45 tons per sq. in. The
medium strength alloys generally fall within the
following range of composition :—Copper, 54 to 60;
tin, trace to 1.2; lead, up to 0.5 per cent, (this
is a criterion of the quality of zinc used, or may
indicate the use of scrap in the manufacture);
iron, about 1.0 ; manganese, trace to 3; aluminium,
trace to 1; and zinc, remainder (approx. 39 to
40 per cent.).

Owing to their peculiarities, these alloys are
rather difficult to handle in the foundry. The
extra liquid contraction and shrinkage must be
allowed for by means of risers and large feeding
heads.

This alloy is principally used for pumps and pro-
pellers, and anywhere where resistance to corro-
sion is desired. It has been specified and used
successfully for locomotive axle boxes. The best
method of manufacturing this alloy is to make it
in crucibles and cast into ingots, remelting these
(if for a large casting) in a reverberatory fur-
nace. The usual procedure is to place the iron
(which can conveniently be in the form of wire
nails) on the bottom of the pot, along with the
cupro-manganese. The copper is placed on top
and melted, then the zinc, tin, and aluminium are
added. Manganese brass has a high surface ten-
sion, due apparently to the instantaneous forma-
tion of an oxide film on the surface. Attention
should therefore be paid to gating and running,
otherwise laps may be formed due to the fact that
the two streams meeting may not unite perfectly.

The casting temperature range is very small,
being approximately 1,000 deg. C. + 20 deg. C.,
so that pyrometric control is almost essential.

Aluminium Bronzes.

Another series of alloys which offer great pos-
sibilities as substitutes for tin bronzes are the
aluminium bronzes. A plain 90 per cent, oopper,
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10 per cent, tin bronze, whilst having good
physical properties, is practically useless as a
foundry proposition, owing to the almost physical
impossibility of obtaining sound sand castings. The
addition of from 3 to 5 per cent, iron with a
little silicon and manganese improves the casting
qualities, but the alloy steel remains difficult to
handle, being similar to manganese brass with its
high shrinkage, etc. It is similar to the medium
ranges of manganese brass (35 tons per sg. in.
and 20 per cent, elongation), and has a good re-
sistance to corrosion. There is no doubt that
there is a future for this class of material, and
it is being developed for propeller work.

The pure aluminium alloys for aeroplane and
motor engine crankcase parts, etc., are also of
great importance, and demand a foundry tech-
nique of their own. A recent development is the
incorporation of light aluminium alloys into
marine engineering practice.

General Considerations of Non-Ferrous Work.

Constant care and supervision of non-ferrous
alloys is required whilst melting and pouring.
Whereas with cast iron, once the cupola con-
ditions have been established, charging and
tapping proceed almost automatically, yet every
orucible of non-ferrous alloy requires individual
attention, especially with regard to the correct
casting temperature required for a particular
casting. Although it is surprising how near a
certain temperature can be judged by a man
doing it day after day, yet it is better to be on
the safe side for important work, and use a
pyrometer. “Pinhole” unsoundness and liqua-
tion or segregation are a result of overheating and
too high a casting temperature.

Another form of unsoundness, often accompanied
by actual blowholes, is due to too low a
casting temperature, and is caused by lack of
feeding, and insufficient time liquid in the mould
to allow gas to free itself. These troubles are
avoided by casting at the correct casting tempera-
ture for the particular casting. The correct
casting temperature is a matter of the section
and mass of the casting, the distance the metal
has to run, etc., in conjunction with previous
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experience. Correct casting temperature will not
ensure a sound casting when the metal has been
carelessly melted and is oxidised. Such metal,
in addition, is nearly always poured too hot on
account of its lack of fluidity.

Nowadays, it may be taken for granted that
the possibility of chemical impurities giving
trouble in ordinary brass or bronze is fairly re-
mote. Chemical impurities can, and do, give
trouble occasionally, as certain brands of copper
have been found unsuitable for bronze making;
but ordinarily, where good brands of pure metals
are used, no trouble need be expected from this
source. Of far greater importance is the damage
which can be done in the foundry itself by un-
suitable manufacture, careless melting, and incor-
rect casting temperature.

DISCUSSION.
Acid-Resisting Alloys.

Mb. ~isvee asked if the lecturer would state
some acid-resisting alloys'suitable for chemical
work.

The lecturer replied that he could not claim
to have had a great deal of experience with re-
gard to acid-resisting alloys, but it would depend
entirely upon the circumstances as to which par-
ticular composition would be most satisfactory.
For actual chemical purposes, lead was often used
alone, or, at any rate, lead-lined vessels; but if
for constructional parts of machinery, then lead
was obviously not hard or strong enough. An
alloy of greater strength and hardness was ob-
tained by adding antimony, and a composition
of 90 per cent, lead and 10 per cent, antimony
was used for pumps dealing with corrosive liquids.
Where greater strength was required, then it was
necessary to use a high nickel alloy. Monel metal,
for instance, was an alloy of copper, nickel, iron,
manganese, silicon, etc., and possessed a good
resistance to corrosion. Other high nickel and
chromium alloys were being developed for cor-
rosion resisting purposes.

Removing the Delta Constituent.
Mr. S. V. Toy asked whether the lecturer could
state whether the delta formation, the cause of
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the hardness in bronze, could be removed by
annealing or even remelting, as he bad understood
him to say that scrap containing delta was useless
for remelting.

In reply, Mr. Logan stated that the delta con-
stituent was certainly removed by annealing. The
correct temperature was approximately 700 deg.
C., and the delta was absorbed into the alpha
solid-solution, but whether it was advisable to
anneal bronze in practice was another matter.
In the case of bearing parts, the good wearing
properties would suffer. As the delta constituent
was mainly produced by slow cooling and pro-
longed solidification, it followed that remelting
and more rapid solidification would eliminate it.
He did not mean to imply that scrap containing
delta was useless for remelting, but that often
the presence of a large amount of this consti-
tuent was an indication of poor melting practice
and oxidised metal, consequently scrap with such
a fracture, as illustrated, was best left alone.

Etching Reagent.

Mr. N. E. Ridsdale asked what etching re-
agent was used for etching the specimens of bronze
shown upon the screen, and whether phosphor-
copper or phosphor-tin would be the most suit-
able deoxidiser for melting commercial pure copper,
or would arsenic or manganese be equally or more
suitable.

Mr. Logan stated that all the bronzes
shown, with the exception of these heat-
tinted, were etched with an alcoholic solu-
tion of acidified ferric chloride. The effect ob-
tained was simply a matter of the time of im-
mersion.  Dealing with the question of the
deoxidation of pure copper, Mr. Logan said that
it was mainly the purpose for which the finished
article was required which determined which
deoxidiser was the best to use. For electrical
purposes, for instance, phosphorus would raise
the electrical resistance too much, and the most
suitable deoxidiser in this case was cupre-silicon.
Where phosphorus and tin were permissible, then
probably the use of phosphor-tin would he the
more satisfactory, as the addition of' the tin would
also aid the casting properties. The lecturer



394

stated that he had not heard of arsenic being pur-
posely introduced in the foundry for use a« a
deoxidiser. He did think manganese would he as
suitable as phosphor-tin.

In a further question, Me. Ridsdax,e asked what
kind of plates were used in order to give trans-
parent colour lantern slides, as he understood the
autochrome process gave slides which were usually
too dense for the lantern.

In reply, Mr. Logan said that the colour photo-
graphs of the heat-tinted sections shown were
prepared by the autochrome and Paget processes.
The main thing was to get the exposure correct,
or, if anything, a shade on the generous side, in
the first instance; then there should be no diffi-
culty in obtaining a slide which was not too
dense.

Melting Losses.

Mr. cCray asked if the lecturer could explain
how it was that a copper containing silicon gave
better results after the second melting, also how
an addition should be made for the loss of spelter
on the first melting of manganese brass.

Replying to the first question raised by Mr.
Clay, Mr. Logan said that he was unable, off-
hand, to give a reason for this. With regard
to the loss of zinc on melting manganese brass,
this could he quite serious under certain con-
ditions, amounting to as much as 3 or 4 per cent.
As it was important to work to olose limits of
composition, this loss had to be made good. It
Was possible to take samples from the furnace
at short intervals, and examine them under the
microscope, and determine the quantitative posi-
tion of the zinc. The best method was to make
up the original ingots with a sufficient excess
or zinc to allow for the loss which took place on
remelting. With definite furnace conditions,
further adjustment would then be very seldom
necessary.

The meeting was concluded by a hearty vote of
thanks to the lecturer, proposed by Mr. Smith
and seconded by Mr. Clay, to which Mr. Logan
briefly responded.
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London Branch.

CONTRACTION IN ALLOY CASTINGS.*

By H. C. Dews (Member).

The volume of any substance depends on its tem-
perature and its pressure. This elementary law of
physics has an important hearing on the casting of
metals and alloys, and this Paper deals mainly
with some of the ways in which the soundness of a
casting is related to the volume changes brought
about by change of temperature. The effect of
pressure, though not unimportant, will not be con-
sidered here.

At the outset it would be advisable to describe
in a simple, scientific manner what is meant by the
reference to “soundness ” in castings. At any
given temperature a certain mass of metal, if in
equilibrium, occupies a definite volume, or in other
words its density at that temperature is a specific
figure. This density of the metal in equilibrium is
known as its “ real ’’or “ true ” density. The den-
sity at normal temperatures of a piece of cast
metal, as determined in the ordinary way, gener-
ally falls short of its real density. The casting
occupies more volume than theory demands. The
difference between this ““ apparent ” and the true
density is due to the presence of cavities in the
mass of metal generally supposed to be filled with
gases which weigh considerably less than the metal
which should occupy this space. The nearer the
apparent and true density figures approach the less
must be the internal cavities, and the more con-
tinuous and compact will be the material of the
casting. In a perfectly sound casting—if such a
thing exists—the two values will coincide. Careful
distinction should be made between the apparent
and real density when either of these values is
mentioned subsequently.

The founder, strictly speaking, handles his
metals in only two forms—the solid and the liquid.
It is convenient, however, to study the produc-

* A Paper read before a joint meeting with the London Section
of the Institute of Metals, December 9, 1926.
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tion of a casting in three stages—when the metal
is all liquid, when both solid and liquid are
present, and when the casting is entirely solid.

The Liquid State.

Mr. A. H. Munday, the President of the
London Section of the Institute of Metals, in
his address at the opening of this session, called
attention to the serious lack of data dealing with
the behaviour of metals in the liquid state. The
present author would like to reinforce Mr. Mun-
day’s complaint, and to commend the subject to
the research associations and institutions as one
well worth their immediate and serious attention.
A few reliable physical constants for common
metals and alloys in the liquid, particularly in
the range near the freezing point, would be a real
help to those practical technologists who are
wrestling with a correct understanding of foun-
dry problems.

There are apparently no reliable published
figures of the change of volume of liquid metal
with change of temperature. Occasional attempts
have certainly been made to determine these
figures for some low melting-point metals and
alloys, but even these researches are out-of-date.
The figures for our widely used industrial alloys
of medium melting point have been left entirely
to conjecture.

It is well known that water has its maximum
density 4 deg. C. above its freezing point. That
is, it contracts when falling from 100 to 4 deg. C.
and then from 4 to 0 deg. C. it expands again.
Certain metals, particularly bismuth, have been
suspected of similar behaviour, but confirmation
is lacking. On the other hand there appears to
be no reason why such anomalous effects should
not occur in metals and alloys, and it certainly
is a fact that the behaviour of certain alloys could
be better explained by some other than a straight
line volume-temperature curve. Failing definite
data, however, one feels driven to assume that
alloys contract regularly with falling temperature,
and where quantitative considerations are involved
it seems fairly safe to assign about 2 to 4 times
the solid contraction to the liquid contraction.
On certain deductions below such a simple rela-
tionship will be assumed.



397

The Solid State.

Much more data is available for metals in the
solid, but here, again, the range of temperature
very near to the freezing point has received less
attention than it deserves. The profusion of
data dealing with solid contraction falls into two
classes—that which is expressed as inches per foot
contraction and that which is expressed as co-
efficient of expansion. The former deals with the
net contraction of a foot of metal falling in tem-
perature from its freezing point to normal tem-
peratures. The latter gives the increase in length
suffered by unit length of the material during a
rise of one degree. This figure applies only to a
limited range of temperature.

The patternmakers’ work is intimately con-
nected with solid contraction. A pattern is
always made a certain fraction bigger than the
designer’s dimensions, so that the casting which
immediately on solidification takes the size of the
pattern shall, on contraction with fall of tem-
perature, eventually attain the desired size. The
amount of this allowance for shrinkage is usually
arrived at by deliberate experiment or by general
experience based on a long series of checking
various castings. In view of the intricacies of
most modern castings, patternmakers are to be
congratulated on the success they have obtained
with these figures, compiled without much help
from our scientific investigators.

One would expect that shrinkage figures could
be obtained by multiplying the coefficient of expan-
sion of the alloy by the difference between normal
temperature and its freezing point. Calculated
in this way the theoretical figures are all somewhat
higher than those in practical use, and the dif-
ference calls attention to an important point. A
casting is seldom in stable equilibrium in respect
to volume and temperature. The low viscosity of
the solid metal induces a hysteresis, and when the
casting reaches normal temperature the volume
changes are slightly incomplete. The residual
energy necessary to complete the contraction is
locked up in the form of strain, and contributes
to what is spoken of as “ casting strain.” This
strain may he liberated during the dressing of
rough castings, or even during their later life, and
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will result in cracking and warping. Strain will
be most severe in rapidly cooled castings, and it
may usually be dissipated entirely by annealing
when the volume changes will be completed.

The Pasty State.

The battle for successful castings is, more often
than not, won or lost during that intermediate
period when both solid and liquid are present
together. 1t has been shown that change of tem-
perature in the solid or in the liquid produces a
fairly small and regular volume change. When
the metal passes from solid to liquid—or vice
versa—a sudden volume change of considerable
magnitude takes place. The solid may occupy
much more or much less volume than the liquid—
that is the real density suddenly increases or sud-
denly decreases. In pure metals and certain
alloys this sudden volume change takes place at
a definite temperature, in other alloys it is spread
over a small range of temperature.

The simple case of a pure metal or an alloy
freezing at a constant temperature with increase
of volume will be first considered. Bismuth is the
classic example of such a case. Pure iron is
another example, less often quoted, and oertain
alloys—particularly of aluminium and antimony
—also show the same effect.

Imagine a casting in the shape of a ball
made so that when the mould is completely
full the supply of metal can be imme-
diately shut off. Prior to casting, the mould,
of course, is cold, and heat is therefore absorbed
by the mould from the metal adjacent to the
mould face. Assuming normal thermal conductivi-
ties, the interior of the ball will be considerably
above the freezing point of the metal at the time
that the walls begin to set. The temperature at
the instant before the first skin freezes of each
point through the casting may be shown on a curve
such as that drawn at the top of Fig. 1. The
thermal conductivity of the metal will be greater
than that of the mould, and as cooling proceeds
the temperature across the casting tends to even
out until when the last drop of metal has frozen
the temperature gradient will he similar to that
shown by the second curve in Fig. 1. At the right
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hand side of the diagram is plotted the true den-
sity of the metal at each temperature. The true-
density curve shows contraction on cooling in the
liquid, expansion on solidification, and then con-
traction again in the solid. The change in

apparent density, during the time that the tem-
perature falls from the upper to the lower tem-
perature curve may now be derived. At the begin-
ning of this period the outside edge of the casting
has density A. At the end of the period its den-
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sity is B. It has thus changed in density to the
ektent of (A—B) which is seen to be positive.
Expansion has therefore occurred proportional to
(A—B,). This is plotted on the bottom curve. Now
take a point half-way to the centre of the casting.
At the beginning of the period its density is C,
at the end D. The change of density (C—D) is
now negative. Contraction has taken place pro-
portional to (C—D). This point is also plotted on
the bottom curve. Similarly for the centre of the
casting the change in density is (E—F), indicating
a further contraction. |If every point from the
centre to the outside is treated in this way the
apparent density curve can be completed, as shown
in the figure. The area enclosed by this curve
above the zero line is proportional to the gross
expansion of the casting, and the area below the
zero line is proportional to the gross contraction.
In the particular case illustrated, the latter area
is larger than the former, showing a net contrac-
tion of the casting proportional to the difference
between these two areas.

Suppose this particular casting were made in a
rigid mould, the unyielding face of which would
retain intimate contact with the first skin of the
casting. The net contraction would then cause a
cavity to be formed somewhere near the centre of
the casting. If a soft sand mould were used the
first expansion of the skin of the casting would
make the mould a little larger, and the internal
cavity would be therefore greater.

If the liquid eontraction is less than that shown
in Fig. 1, the point E will move nearer to F and
the gross contraction correspondingly diminished,
until when the point S is vertically above T no
contraction will occur at all. The same result
would be obtained if the difference in temperature
between the centre and the outside of the casting
at the beginning of freezing were less than shown
in Fig. 1. In this case the gross contraction will
disappear, when the highest point of the tempera-
ture curve falls below the level It. This could be
brought about by a low casting temperature.

The thermal properties of the mould material
and the metal also affect the contraction. If the
mould has a high conductivity the point IT will
move lower down the density curve and the gross
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expansion will I>e diminished. If the metal has a
high conductivity the point U will move up the
density curve and the gross expansion will be
increased.

Also, if the slope of the solid contraction curve
is greater than is shown in the diagram, the gross
expansion will be diminished.

Summarising these points, one can expect that
in a metal which freezes with expansion at con-
stant temperature, the volume of any internal
cavity will be increased by using a soft mould
material of high conductivity, by using a metal
with a high coefficient of expansion in the liquid
and solid and with a low-thermal conductivity,
and by casting at a high temperature.

The majority of metals contract on freezing,
but the same line of reasoning as the above may
be applied. The temperature gradients across
the casting at the beginning and end of freezing
are shown in Fig. 2 exactly the same as before.
The true density curve on the right-hand side
of thé diagram has the same slope in the liquid
and solid ranges as before, but instead of a de-
crease in density on freezing an increase is now
assumed i occur. Consider first the outside skin.
When the first layer is just about to freeze it will
have density A; when the easting is entirely
solid it will have density B. The difference
(A—B) is negative, indicating contraction. Every
point to the centre of the casting on the top
curve has density less than A, and even point
on the bottom curve has density greater than A.
Every layer to freeze, then, adds to the net con-
traction, and the total contraction is shown on
the curve at the bottom of the diagram. As
in the previous case, the contraction cavity will
be increased in volume by increasing the slope
of the liquid density curve, by increasing the
height of the initiai temperature gradient and
by increasing the slope of the solid density curve.
A high thermal conductivity in the mould and
a low thermal conductivity in the metal also
increase the contraction cavity.

What Happens when Alloys Freeze.

The general rule, then, can be laid down
as follows:—When a mass of metal or alloy
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freezes at constant temperature undisturbed
in a mould it will usually develop a con-
traction cavity, and the volume of this cavity
will be increased by (a) a high thermal capacity
of the mould; (b) a low thermal capacity of the
metal; (c) a high coefficient of expansion in the
liquid and solid metal; (d) an algebraically high
contraction on freezing; and (e) a high casting
temperature.

By controlling these factors, then, it appears
that the contraction cavity should be consider-
ably reduced, if not entirely eliminated. Un-
fortunately, all these points are not always con-
trollable, as considerations other than eliminating
oontraotion have to be taken into account
when making castings. The properties of
the metal, for example, when one is com-
pelled to use that particular metal, have to be
accepted willy-nilly.

The common metals have a fairly wide range
of thermal conductivities. A few values are

given in Table I. All the values quoted are for
Table |
Temp. Thermal
Metal deg. C. Conductivity
Nickel 1,200 0.06
Lead 200 0.08
Tin 200 0.14
Zino 400 0.22
Copper 1,000 0.70
Aluminium 600 1.01

temperatures near the freezing point of the
metal, as it is only in this range that the thermal
conductivity affects the contraction. It has
been shown that a high conductivity is desirable,
and on this basis aluminium and copper are
favourably situated, whereas lead and nickel have
unfavourable values. The low conductivity of
nickel is probably greatly responsible for some
of the difficulties experienced in casting this
metal.

The volume change on freezing has been de-
termined recently for a number of pure metals
and a few alloys. Some of the values are given
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in Table 11, from which it can be seen that
there is a considerable variation from one metal
to another, which may necessitate considerable
modification of general foundry practice. The
high value of aluminium is worthy of notice.
This high figure is in keeping with the excessive
“ drawing ” experienced when casting pure
aluminium.

The paucity of data on the volume changes
in liquid metals has already been referred to. In
the solid the volume change is relatively low,
and its effect on the extent of the contraction
cavity is probably only slight.

Tabte Il.

Volume Change on Freezing.

Elij_re Fe. g:gz If- Expansion.
Sb. 1.40°

Sn. 2.80

Brass 60/40 2.89

Pb. 3.44 _ .
Al-Si. (12%) 341 " Contraction
Cu. 4.05

Zn. 6.50

Al. 6.26

There remains, then, of the points enumerated
above only the heat capacity of the mould and
the casting temperature as being capable of
control.

The somewhat loose expression “ heat capacity
of the mould ” has been chosen to cover the
property of the mould for cooling the adjacent
cast metal. This property depends mainly on the
thermal conductivity of the mould, and also
on the specific heat of the mould material, its
temperature, its degree of contact with the
metal, and so on. Considering the common
mould materials, such as moulding sand, cast iron
and steel, one finds that dry silica sand
has the lowest thermal conductivity. The
presence of clay materially increases the con-
ductivity, and the presence of moisture increases
it still more. Moisture also increases the specific
heat of the sand mixture. The conductivity of
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iron and steel is considerably higher than
any sand mixture, iron having a slightly higher
value than steel. The specific heat of iron and
steel is of the same order as dry sand. The
great difference in the conductivity between a
sand and a chill mould is slightly off-set by the
more intimate contact obtained in sand than
in a chill mould. In general, then, a pure metal
casting will show the greatest contraction
cavity when made in a cast-iron mould, and the
least in a dry silica-sand mould.

From the curves on which these notes are
based it is seen that the magnitude of the in-
fluence of thermal properties of the mould is
dependent on the magnitude of the solid con-
traction, which is relatively small. The extent
to which the last remaining controllable factor—
the casting temperature—influences the piping is
governed essentially by the liquid contraction,
which is usually much greater than the solid con-
traction. The danger from a high casting tem-
perature is therefore serious. The general rule
will be that a metal or alloy freezing at a con-
stant temperature should invariably be cast at
the lowest possible temperature at which the
fluidity of the metal will allow the mould to be
properly filled.

Location of Contraction Cavity.

Having now by these various means reduced
the net contraction to the lowest amount com-
patible with the exigencies of the work in hand,
one can turn attention to controlling the location
of the contraction cavity.

In the simple casting—the sphere—chosen to
illustrate the above principles, the whole of the
outside freezes first. As each succeeding layer
sets it will attach itself to the gradually thicken-
ing solid skin until no liquid is left, and the
whole of the contraction, great or small, will
be localised in the centre of the casting. In
this particular case the location of the cavity
is in that part of the casting to solidify last. It
is probably the thought of such a simple case
that inspires the constant repetition of that
popular slogan which says that a casting will
draw at the last place to solidify. It only needs
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the examination of a few complicated engineer-
ing castings to show how misleading such a state-
ment may be. Some of the contraction will cer-
tainly be located at the point which freezes last,
but draws may also be found at places which
freeze early in the making of the casting. At
all these points it can be shown that the solidi-
fying metal has been cut off from the liquid.
Drawing can only be avoided, then, by ensuring
that a supply of liquid metal is available to every
part of the casting as it solidifies.

Equal Section Not Desirable.

Another product of loose thinking is the fre-
quent request to the drawing office for an even
section all over the casting. In actual fact the
casting with an extensive even section is often
the worst type of casting to produce really
sound. The foundryman who asks for an even
section generally gives as his reason that he
wants the whole of the casting to cool at the same
time. This is exactly contrary to what is re-
quired to secure soundness. If the whole of a
casting cools together, the contraction cavity will
be distributed all over the casting, and the re-
sult will be general unsoundness and weakness.
If, however, the casting cools directionally, the
contraction cavity is, as it were, gathered up as
each layer freezes, and it may finally be brought
to a place where feeding can be applied. Indeed,
it is in arrangement of this directional cooling
and the concentration of the contraction at a
suitable point for feeding that the foundryman
may most usefully exercise his art and ingeniously
apply his experience.

Castings are of such a diversity of shape and
size that one can only apply the principle of
directional cooling and feeding by giving each
individual casting individual attention, but a
few general remarks may be mentioned by way
of illustration.

The point where one expects to localise the con-
traction must obviously communicate with a riser
or a runner, and this riser or runner must con-
tain liquid metal after the casting-is solid. The
latter point seems self-evident, hut the meagre-
ness of many runners and risers suggests that
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it is often overlooked. Feeding may be accom-
plished from runners, or risers, or both. If no
risers are used, feeding from the runner may take
place in two ways. The runner may be joined to
a thick section, in which case it must be a very
big runner, so that it remains liquid until all
the thick section is solid. Alternatively, the
casting may be run on its thinnest section. In
this case thick sections must be cooled very
quickly, generally by chilling, or the casting must
be poured very slowly, so that thick parts are
fed before the thin section solidifies. If
risers are used they will generally be placed on
the thickest parts of the casting. The most
useful application of a riser is to feed any part
of a casting isolated from the main wave of
freezing. Risers must always be larger than
the section they are intended to feed.

Alloys with Freezing Ranges.

The arguments so far have been based on
the supposition that the metal or alloy freezes
at a constant temperature. It has been shown
how the extent of the contraction can be mini-
mised by certain moulding and casting de-
tails, and  how, by contriving directional
freezing, the residual contraction can be fed.
Most engineering alloys, however, freeze through
a range of temperature, and this property
modifies some of the above conclusions. To
appreciate this, it is necessary to discuss some
metallurgical theories.

When a metal has passed its freezing point it
begins to solidify from a number of isolated
points. At each of these points a tiny crystal of
metal is formed, and in line with each axis of
the crystal new crystals attach themselves. In
this way arms of solid are built out into the
liquid, and from these small branches grow at
right angles, until the well-known fir-tree pat-
tern is obtained (Fig. 4). Each dendrite grows
until it meets dendrites growing from other
centres, and in this way the whole of the metal
eventually solidifies. The location of the shrink-
age cavity is governed by the position and number
of the original crystallisation centres, and
by the rate of growth of the dendrites.
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Below a certain distance from the freezing
point the centres of crystallisation form spon-
taneouslv in the lignid, the number forming being
a constant for the particular conditions.
Between the freezing point and this temperature
of spontaneous crystallisation—that is, in the
metastable range—nuclei are only formed by the
influence of extraneous conditions, such as the
presence of solid particles, mechanical movement,
etc.

Fxg. 4. Typical Despbixic Gbowih in Allots.
Copper-Xickel A lloy x 30.

Consider first a pure metal or alloy which
freezes at a constant temperature. |If the
rate of cooling is sufficiently slow, crystallisa-
tion will proceed entirely in the metastable
-range  This is independent of how or at what
temperature the first nuclei are formed, since the
vectorial force of crystallisation will be sufficiently
great to follow close on the heels of the falling
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temperature, and the liquid will have no oppor-
tunity of reaching the labile range while crys-
tallisation is proceeding. A columnar microstruc-
ture will generaly result. If the cooling is rapid,
the labile range will be reached a short distance
in advance of the erytallising solid, and new
nuclei will he quickly formed. Crystallisation
from these new nuclei, however, will not have
time to spread very far before the dendrites from
the advancing solid behind have caught up, owing
to their greater degree of super-cooling. An
equiaxed structure will result in this case. In
either case, however, the liquid-solid interface
will be fairly distinct, and will closely follow
the temperature gradient.

In alloys which freeze through a range of tem-
perature, conditions arise which tend to destroy
an even solid-liquid interface, and to leave islands
of liquid isolated by solid formed in advance of
the true-density contours. Alloys which consist of
solid solutions invariably show ooreing in a normal
“as cast” microstructure. This is due to each
succeeding layer of solution to be deposited being
richer in the lower freezing-point constituent and
failing to diffuse into the solid mass. Where more
than one constituent is present in the normal
alloy it is quite common to find more of the second
constituent than equilibrium conditions specify.
In the microstructure in Fig. 5, showing a 90: 10
pure copper tin alloy, the ground mass consisting
of a solid-solution is seen to be distinctly cored
and there are also considerable areas of a-S eutec-
toid, which under equilibrium conditions should
not appear in alloys containing less than about
13 per cent, of tin. The slow diffusion then in
such an alloy brings about during freezing a con-
tinual shift in the effective composition of the
alloy towards the lower freezing-point side of the
equilibrium diagram. When a casting made in
such an alloy is freezing there will be near the
solid a layer of liquid of a composition which,
under equilibrium conditions, would belong to a
lower freezing point alloy. Beyond this unstable
liquid is liquid of the true alloy composition. If
the temperature difference between the two places
is small, one can see the possibility of the stable
liquid becoming considerably more under-cooled
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than the liquid adjacent to the solid, so much so
that it may reach the labile range and commence
to crystallise. This may be illustrated by a diagram
such as Fig. 6 (page 399). Freezing is assumed to
have been proceeding from the left-hand side of the
diagram, and as freezing has proceeded a layer of
liquid has been formed, with a lower freezing
point than the normal alloy. The thick line shows
the freezing point of the liquid, and the dotted
line the temperature of spontaneous crystallisa-

Fig. 5.—Puke 10 Per Cent. Bronze x 250,
SHOWING CoREING AND A IPHA-DeLTA E uTECTOID.

tion. Suppose the temperature gradient to be as
shown by the thin line. All to the left of A is
solid. At the point B is liquid, which is still a
little above its freezing point, but further on at C
there is liquid which has reached the labile range.
Crystallisation will therefore set in at C, with the
result that the area B will be isolated and left to
freeze out of contact with liquid—that is, beyond



410

the possibility of feeding. That is, a cavity will
develop at C. As the same conditions are formed
around every crystallite, the casting will be gener-
ally unsound. This type of unsoundness can only
arise with a low-temperature gradient, as one can
see from Fig. 6 that if the temperature gradient
is tilted so that it passes under X and over Y,
directional freezing is bound to occur. An example
of an alloy showing “ drawing,” due to a flat tem-
perature gradient, is shown in Fig. 7. The cavi-
ties are dispersed over the whole section, causing
extended unsoundness.

Now revert to the type of diagram which was
used to illustrate density changes in pure metals.
A similar diagram drawn for alloys freezing
through a range of temperature was shown in
Fig. 3. Exactly the same reasoning as before may
be applied to this diagram, and the same conclu-
sions as applied to pure metals will be arrived at
for alloys. Amongst these conclusions was the
jdesirability for a low-temperature gradient in the
liquid casting at the moment of freezing. From
a metallurgical point of view it has just been shown
that a high temperature gradient is desirable.
Alloy casting then resolves itself into discovering
the- happy compromise between a too flat and a
too steep temperature gradient. The longer the
freezing range of the alloy and the greater must
be departure from a flat temperature gradient.
In practice temperature gradient is generally most
conveniently controlled by casting temperature. It
follows, then, that alloys with a long freezing
range must be cast at a higher temperature than
alloys with a short freezing range. A simple illus-
tration is found in 2F cartridge brass and Admir-
alty gunmetal. Both alloys commence to freeze at
approximately the same temperature, but gun-
metal has a freezing range about twice that of
brass, and it is found that similar castings have
to be poured much hotter in gunmetal than in
brass to secure soundness. A very rough working
rule for medium melting point alloys is to add
the freezing range to the temperature of com-
mencement of freezing to get the approximate
casting temperature for average work.

With high melting point alloys which have a
fairly long freezing range, an inconveniently high
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casting temperature would be necessary to obtain
a sufficiently steep temperature gradient. This can
be avoided somewhat by using a low-conducting
mould-material, such as dry silica sand. On the
other hand, with lower melting-point alloys, such
as those of aluminium, the correct temperature
gradient can be best obtained by using a chill
mould.

It appears, then, that by a critical control of
the steepness of the temperature gradient, and
by manipulating the moulding practice so that

Fig. 7.—Unsoundness in a Beonze Cast at too
Low a Tempeeatuee.

the temperature gradient slopes evenly from the
remotest pofnts to a feeding point, sound castings
should be obtainable in most alloys, and the bogey
of a long freezing range need not be feared.

The benefits from theoretical reasoning, such as
much of the above, can only be obtained by very
careful translation into foundry practice, and
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meetings which encourage co-operation between
foundryinen and metallurgists appear to be
ideal occasions for defining the conditions and
discussing how to comply with the conditions
necessary to securing sound castings.

DISCUSSION.

Mr. A. H. Mundey (Chairman of the London
Local Section of the Institute of Metals) returned
thanks to the London Branch of the Institute of
British Foundrymen—of which he is also a mem-
ber—for having provided such an excellent lecture,
which contained much food for thought for the
members of both bodies. Dealing with the be-
haviour of liquids, he recalled experiments which
were made to produce a non-freezing liquid which
could be put into the buffer cylinder of a gun,
so that it could be used in districts where the
temperature was very low without fear of prevent-
ing the gun firing. Glycerine and many other
things had been tried. Alcohol and water had
been used mostly, and oil also had been used,
but someone had suggested experiments with
sugar and water. Many wonderful things were
discovered with regard to sugar and water, and
he was reminded of them when watching the way
in which the low temperature metals which had
rather long ranges of solidification crystallised
out. If one had 10 Ibs. of sugar and a gallon
of water and dissolved the sugar in the water,
one would have about 1J gallons of fluid, and it
was not saturated then. In these experiments the
liquid was frozen, and some particularly curious
curves were obtained, and those concerned with
the experiments were anxious to see whether it

was going to impose any very particular stresses
on the cylinders.

Contractions and Small Castings.

Thus the question of solutions and the altera-
tion of the co-efficients of expansion and contrac-
tion due to the amount of material in solution
was really rather striking. Only that day he had
been trying to find out why a very small flat
casting, just over 5f in. long, 4 in. wide, and
about 0.2 or 0.15 in. thick, had shrunk 0.033 in.,
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when, by all calculations, it should have shrunk
only 0.01 in., because, when dealing with certain
castings which received no machining whatever
it was very necessary that they should not shrink
to a greater extent than had been calculated.
Frequently one had to adjust moulds in such a
way that the castings, which had not to be
machined, should not be smaller than required,
and calculations had to be made with very great
accuracy. Fortunately, one was able to cast to
within 0.00! in. in die casting moulds, and to get
as nearly as possible perfectly rectangular castings,
but one could do that only with alloys which were
very easily studied and which could be very care-
fully manipulated—alloys which froze at about 230
or 240 deg. C. It would be realised, therefore, that
those concerned with die castings, which had to
be so accurately cast, and were sometimes cast in
iron moulds with cores of sand, or with one side
of the mould made of papier maché, had much
food for anxious thought whilst carrying out their
work.

N.P.L. Researching on Liquid Metals.

Dr. Walter Rosenhain, F.R.S., expressed his
sincere admiration for the clear manner in which
Mr. Dews had dealt with a very complicated and
difficult subject. He had dealt with it in a strictly
scientific way by simplifying the problem as far
as he possibly could and analysing it out
accurately in the simplified form, and he had also
done what was very necessary when adopting that
form of treatment, i.e., he had warned his hearers
that it was not always possible to apply in full
detail all the conclusions arrived at from a simpli-
fied analysis of that kind. That was inevitable
because the conditions of practice were never as
simple as those one had to postulate if one wanted
to arrive at exact conclusions with the limited
knowledge available. He agreed that it was de-
sirable that we should know more about the pro-
perties of liquid metals. For the last two or three
years one man at least at the National Physical
Laboratory had been devoting himself entirely to
that subject, and had been measuring the solu-
bility of gases and surface tension, but not den-
sities, which latter involved many complications.
Much work on volume changes on freezing had
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been done by Endo, of Japan, and that encouraged
one to think that the problem might not be so
insoluble as it appeared at first sight.

Alloys Expanding on Freezing.

Incidentally, the question whether there are
many alloys which expand on freezing would hare
to be settled rather more definitely than it had
been up to the present. That property had been
ascribed to many materials which did not possess
it. With some of the aluminium alloys, such as
aluminium manganese, aluminium-iron, and so on,
if one cast a little ingot one would find that after
a certain stage of freezing a little aperture was
forced in the surface skin and liquid metal came
out; ihis was of the eutectic composition. It
was not, however, due to expansion on freezing,
but had been conclusively shown to arise from a
totally different phenomenon—a phenomenon
which entered very largely into the matters with
which Mr. Dews had been dealing, namely, the
liberation of gas from the solidifying metal. That
was a phenomenon with which we were only
gradually becoming fully acquainted, and it was
so important in the production of sound metal—
not only of sound castings, but of sound ingots
which had to be rolled afterwards—that it re-
quired the closest attention.

The Importance of Gas in liquid Alloys.

In ordinary foundry practice no attempt was
made to eliminate gases. An attempt was made
sometimes to minimise their presence by special
methods of melting, but he doubted whether those
methods were successful. Liquid metal had a
higher power of dissolving gases than the solid,
and during the process of freezing gas was ex-
pelled. The casting produced never had the theo-
retical density of the metal, and even if it were
compressed mechanically afterwards it was very
difficult indeed to get to the full theoretical
density. That could be determined by X-ray
analysis and knowledge of the atomic weight. One
could get fairly near it in some cases, but the
difference was due. at any rate, to a large ex-
tent, to gas, for the presence of gas altered the
contraction conditions immensely. There occurred
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a localisation of small cavities in the crystal
boundaries, which altered the stresses set up by
contraction and the differential diagrams which
Mr. Dews had shown, so that the whole matter
wias very much affected.

Liquid Metal Never Still.

Another point which should be mentioned was
the fact that the theoretical ideas which Mr. Dews
had so clearly developed depended upon the
assumption that one had liquid metal at rest in
the mould before solidification commenced, or,
at any rate, during the major part of the process
of solidification. He himself believed, however,
that such was never the case, for two reasons.
First, the cooling was never so even that one did
not get differences of temperatures in the liquid,
leading to convection currents. If one could
avoid convection currents one would get no den-
dritic crystallisation at tall, but would get crystal
layers. The growing up of the dendrite was
affected by the convection currents. Then there
was another phenomenon, the fact that the liquid
was agitated by the act of pouring it into the
mould. On the whole, therefore, the phenomena
of the freezing of a casting cwere really very com-
plex, and the astonishing thing was that the
foundryman met with as much success as he did.
It was not astonishing to find that castings con-
tained pores, draws, and all the other ills to
which they were heir, but we should get beyond
that, and he believed we should get beyond it
particularly by learning now to eliminate gas, or,
at any rate, the greater part of it, from our liquid
metal. A great deal of successful work had been
done in that direction, with the result that many
of the casting difficulties, in cases where drawing
was particularly prevalent, were being'overcome
in practice. It applied to copper, to certain
nickel-iron alloys, and to aluminium alloys, and
he had no doubt it could be worked out equally
elsewhere.

Temperatures Gradients and Nature of Crystallisation.

There iwas one point in Mr. Dews’ address in
regard to which he must differ. Mr. Dews had
suggested that one obtained radial crystallisation,
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i.e., acicular crystals, if the temperature gradient
was small; that when the gradient was small no
part of the liquid became under-cooled to the
labile stage, and radial crystallisation extended
to the centre. In the first place, in experiments
with lead, copper or aluminimum, if one poured
the metal into a chill mould one would get a deep
formation of chilled crystals; the dendrites, from
the mould wall, 'would reach nearly to the centre.
If, on the other hand, one used a graphite mould,
or still more a sand mould, the depth of the den-
drites was very small, and equi-axed crystals pre-
dominated throughout the whole section. Those
were the facts as he knew them. In hislaboratory
they had repeatedly prepared ingots of various
metals, and of various sections, deliberately to
show that those were the facts, and 'had succeeded
in doing so every time. He believed that the
labile stage was not so important in metals as
some people were inclined to think, and that
nearly always the conditions were such as to pre-
cipitate crystallisation almost immediately the true
liqguidus was passed; consequently, whether or not
one obtained acicular crystals or equi-axed crystals
depended upon whether the flow of heat was suf-
ficiently rapid to determine the rate of growth
of crystals. When the rate of growth was high
the crystal grew definitely against the flow of
heat, but where it was slow the iso-thermals were
very wide apart, the directional effect was very
slight, and growth took place more or less in all
directions. He had yetto be convinced that there
was any objection to that view; in fact, he
believed the experiments rather supported it.
However, he did not think that really altered the
facts very much, because on that view one still
obtained the results that Mr. Dews had said
were obtained experimentally, that with a lower
temperature gradient one was more apt to get
enclosures during the growth of the dendrites
than with rapid cooling. One would at first sight
have been inclined to believe that the ideal state
of affairs was one in which the whole of the crystal-
lisation was radial, because that would push
the cavity to the centre. That was not true,
because the gas was trapped by the growing den-
drites and there was a tendency for weakness to
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exist between adjacent dendrites; one had a con-
centration of these little gas' cavities there, and
possibly also shrinkage cavities, lying in rows,
whereas in an equi-axed structure they were much
more scattered and did not produce localised
weakness.

Density of Liquid Metals.

Professor T. Turner (Past-President, Institute
of Metals) said that a good deal of work had been
done under his direction in recent years on the
density of liquid metals. That work had not been
published, but tin, lead, zinc, antimony,
aluminium and copper had all been studied, and
the line above the melting point was practically
a straight line in all those cases; therefore, know-
ing the coefficient, one could pretty well estimate
what the- density of the liquid metal was. The
attempt had also been made to arrive at the
density of liquid cast iron, but that, of course,
involved considerable difficulties, on-account of
temperature and other circumstances ; the results
obtained were anomalous, and he had been afraid
to publish them until they had been confirmed.
Mr. Dews had very wisely divided the subject of
his lecture in such a way asto make it more or less
simple for consideration. Taking fii;st the case of
a pure metal, Professor Turner pointed out that it
changed very abruptly at the solidifying point.
It was very limpid above that point, i.e., its
viscosity was very small, and it ran quite freely,
and, with the exception of bismuth—to which he
did not think any great attention need be paid,
because it was not very much used, particularly as
a metal—it contracted during solidification.
One point to which Mr. Dews had not referred in
connection with a pure metal was what might be
called the skin effect in determining the shape and
size of the ultimate casting; there was on the
outside a rigid envelope while solidification was
proceeding inside. According to the character of
the metal or the alloy, that outside skin would
grow in a characteristic way and behave in a
characteristic manner.

Contraction of Bars of Varying Diameters.
One could illustrate this by casting four bars, in
cast iron, for example, of different thicknesses, but
o]



in a mould of the same length and measuring
them. One would find, of course, that the
smallest diameter bar had contracted in length
the most, whilst the largest diameter bar
had contracted the least. On the contrary,
if one cast in the same way copper or brass
or a number of other alloys, one would find
that the smallest diameter bar contracted the least
and the largest diameter bar contracted the most.
He was not prepared to explain why that was so,
hut different alloys behaved differently, and it was
certainly attributable in part to the skin effect.
In the case of iron, it was due partly to the
chilling effect and the prevention of the separa-
tion of graphite. In cast iron one had a substance
which was anomalous, and yet it was the most
important of all the ordinary metals cast.

Two Types of Contraction.

Generally, we divided the contraction which
took place into the liquid contraction and the
shrinkage. The liquid contraction was practically
uniform. Then we came to the expansion that took
place during or after solidification, an expansion
which in white iron was very small, but which in
grey iron might be considerable—over 5 per cent, of
the total volume in the case of a very grey iron,
and that was quite a large proportion. From the
moment of solidification until the time when the
casting attained the temperature of the room
there occurred what we commonly called shrinkage,
as distinct from liquid contraction. The term was
applied first by Keep, and was measured by his
well-known shrinkage apparatus.

Defective Nomenclature.

Unfortunately, the term “ shrink ” was also
applied to the cavities that were met with in cast-
ings, and therefore there was some vagueness as to
the meaning of the term as it was commonly
applied. When alloys and mixtures were allowed
to cool, however, they did not necessarily shrink
uniformly; in fact, it was the exception rather
than the rule to find that they contracted
uniformly.

Volume Changes in Cast Iron.
The reasons for that, it might almost be said,
were manifold, but in the case of cast iron there
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were three reasons, which were perfectly clear. In
the first place, one had graphite absolutely

Figs. A to F illustrate the Various Apparatus used for the
Determination of Densities of the Liquid Metals.

separated, and instead of having a density, like

the carbide from which it was formed, of 5 or 6,
p2



it had a density of something in the neighbourhood
of 2. Notonly was that the case, but the graphite
occurred in the form of irregular flakes, which
prevented the close packing of the cubic crystals
of iron. Hence, the larger the flakes of graphite,
the more difficult would it be to pack closely, and
the more graphite present, the greater would be
the decrease in density. In other words, the
greater would be the expansion of the casting—
the actual increase of length, thickness and width
of the specimen—over a range of temperature, and
part of that expansion was permanent. There
was another expansion, when the iron carbide was
thrown out of solution, at a temperature of about
700 deg., which, though much smaller, was quite
perceptible on an extensometer. Between these
two expansions there was a third, which took place
when the phosphide of iron was thrown out
originally as iron-carbon-phosphorus eutectic,
which then decomposed in grey iron and threw
out some more graphite, both actions of which led
to expansion. Hence, we could tell the character
of the cast iron which was being poured into a
mould if we attached to the end of that mould a
suitable pointer.

Germans Appreciate Extensometer.

That method was used in many foundries in
America, and he had been very interested to hear,
in connection with visits paid by representatives of
the British Cast Iron Research Association to
Germany lately, of the large number of foundries
in Germany which had this expansion apparatus
or extensometer in use. It was a small apparatus,
in which was cast a bar, about 1 ft. long, at the,
end of which was attached a pointer, and by means
of a pencil and a drum it recorded the expansions
of the casting while it was solidifying in the
mould. Anybody familiar with the curves could
see at once whether the casting would prove to be
hard, soft or strong. One could predict with cer-
tainty the character of the metal by noting the
changes in volume which took place while the
metal was cooling. In connection with other
alloys, such as brasses, bronzes and so forth, one
found that there were expansions corresponding
roughly with the crystallising interval. The
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longer the crystallising interval, the greater the
expansion recorded on a bar at certain definite
temperatures during the progress of solidification.

Piano Frame Volume Changes.

One would see the importance of this in connec-
tion with many designs. His attention had been
drawn to the matter more than twenty years ago
in connection with cast iron frames for pianos.
The frames were sometimes heard to crack in the
mould ; in other cases the frames were placed on
one side in the foundry, and one could hear them
crack there; in other cases they cracked months
after casting, and in still other cases they cracked
while in the possession of the purchaser. There
were sections of different thicknesses, and in the
mould one was expanding while the other was con-
tracting, so that they were working one against
the other, and the castings were left in a state of
strain. There were two remedies in that case.
One was the remedy which the foundryman always
desired, namely, to tell the engineer to give him
uniform sections, and then the trouble would, to
some extent at all events, disappear. The other
method was to produce an iron which had smaller
graphite and less phosphorus eutectic, because
those caused the expansions, and by that method
the liability to fracture was reduced.

The Case of Brass Grids.

Another instance had come to his notice some
years ago in connection with the casting of brass
grids. Very often grids were thick outside, and
had thinner bars through the middle, and these
grids would crack on the corners. He had in-
quired as to the material used and had looked at
the expansion curve, and had found that they
were at the point at which there was the maximum
expansion for that range of alloys. He had sug-
gested altering the composition in order to get to
a point at which there was no expansion as
recorded by the extensometer. That suggestion
was adopted, and the trouble had ceased imme-
diately.

Importance of Slow Teeming.

Dealing with Mr. Dews’ statement in connection
with the casting of liquid metals and alloys, that
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precautions could be taken so as to prevent the
formation of shrink holes or contraction cavities,
he said he was definitely of the opinion that it
was possible to cast any ordinary alloy or any
ordinary metal without having these contraction
cavities at all if only one could take the time
necessary to allow the metal to be poured suffi-
ciently slowly. Of course, he was assuming that
one had no thin sections in the middle—for that
one must have some suitable arrangement—but for
a straightforward casting, assuming that the
pouring temperature was correct and that one had
cooled the metal slowly before starting to pour, it
could be done. The slow cooling was in order to
get rid of as much of the gas as possible, because
that question of gas was of very great importance.
By keeping the metal just above the pouring
temperature for some time a good deal of the gas
would naturally pass off, and by then pouring it
sufficiently slowly one could prevent or largely
diminish the formation of cavities.

Chilled Rolls.

Taking as an illustration the casting of a chilled
roll or a large cylinder, cast upright, Prof.
Turner said that very often there were quite con-
siderable cavities at the top, and endeavours were
made to overcome that by altering the composition
of the metal. People thought, perhaps, that it
was a little too grey or a little too hard; each of
those defects, of course, might increase the trouble.
A great deal could be done by regulating the speed
at which the metal was poured during the last
stage of filling the mould. One could pour it in
as quickly as one liked while the lower part of the
mould was heing filled.

Determining the Densities of Liquid Metals.

Db. S. w. smith (Vice-Chairman of the London
Local Section of the Institute of Metals) showed a
number of lantern slides to illustrate methods
which had been adopted from time to time in
order to determine the densities of metals in the
liquid state. These methods bore a close analogy
to those which were used for determining the
densities of ordinary liquids, and may be briefly
classified according to procedure:—(1) Measure-
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ment of the volume of a known weight of liquid
at some particular temperature; (2) measurement
of the loss of weight of a *“ sinker” when
immersed in the liquid, and (3) measurement of
the pressure per unit area exerted by a column of
liquid of known height.

Fig. A illustrated the application of the first
method by Robert Mallet in 1874, who was one of
the first to attempt to determine the liquid density
of cast iron. A conical vessel of wrought iron
about 2 ft. in depth, 1.5 ft. in diameter at the
base and tapering to an open neck of 6 in.
diameter, was filled to the brim with molten grey
cast iron. The vessel and its contents were again
weighed when cold. From the known volume of the
vessel, corrected for expansion at the higher tem-
perature, it was possible to calculate the liquid
density of molten cast iron as compared with
distilled water at ordinary temperatures.

Mallet repeated his experiments at Woolwich
Arsenal by using a-spherical bomb-shell as the con-
taining vessel, the fuse-hole being closed by a screw
plug. This was shown in Fig. B. Subsequent
workers have followed this method by using glass
or silica tubes as “ dilatometers.”

A more recent application of this method was
made by Frary and Edwards in America, who
filled a graphite crucible of known volume with
liguid metal at a known temperature. Their
apparatus was shown in Fig. C.

Roberts-Austen repeated some of Mallet’s work
in 1875, and later, in 1881 and 1882, in collabora-
tion with Thomas Wrightson, adopted the second
method referred to above. A metal sphere, used
as a sinker, was suspended from a spring balance
and the loss of weight measured. This instrument
they called an * oncosimeter.”

Fig. D showed a quartz bulb filled with gold
which he (Dr. Smith) had used some years ago as
a “ sinker ” in making some determinations of the
liquid densities of lead and bismuth. This method
was also followed by Pascal and Jouniaux in
France in 1914 by using a hollow quartz bulb
fixed to the arm of a balance.

Slide E showed a similar sinker containing an
iron cylinder which was used by Frary and
Edwards to determine the liquid density of
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aluminium. They abandoned this method, how-
ever, in favour of the one already described.

An interesting development of the * displace-
ment ” method was made by Bornemaun and
Sauerwald in 1922, and another along similar lines
by Endo in 1923, to which Mr. Dews had referred.

Fig. F. illustrated the application of the third
method by Hogness, in California, to metals of
low melting point. The metal was melted in an
apparatus of “ Pyrex ” glass and then forced up
a vertical tube by the pressure of some inert gas.
The relation of this pressure to the difference of
level in the two arms gave the necessary data for
calculating the liquid densities.

Professor Turner Said that in his determina-
tions he had used the sinker method, but not
being provided with gold, he had used tungsten as
the weighting material inside the sinker. For
high temperature determinations the sinker was
made of “ Alundum,” which was a very refractory
material, quite suitable for cast iron.

THE AUTHOR’S REPLY.

Mr.Dews replied to the discussion. After ex-
pressing his gratification at the manner in which
the Paper had been received, he said he sympa-
thised with Mr. Mundey in his efforts to produce
castings exactly to size. He must have some really
great difficulties to contend with in producing
castings accurate within 0.001 in. of the required
size, but he envied him to a certain extent in
having low-melting-point alloys to work with, and
it must be very fascinating to be able to determine
the constants, which he himself had deplored the
lack of, for high-melting-point alloys. Continuing,
he said he was glad to hear that work had been
done at the National Physical Laboratory on liquid
alloys, but Dr. Rosenhain had dashed his hopes to
the ground by saying that work had not been done
on density determinations. Dealing with the
question of the eutectic squirting out of the ingots
of aluminium alloys, he said that very frequently
the same thing was found in gunmetals, of course,
when cast too hot, and also in phosphor bronzes
one met with the condition in which the alpha-
delta eutectoid squirted out on the runner. He
agreed that to explain that by expansion of the
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alloy was not necessarily correct; in fact, it
seemed to him that contraction would squeeze the
molten eutectoid out of the alloy. Dr. Rosenhain,
however, had given, as his idea of the true ex-
planation, the presence of gas. He (Mr. Dews)
agreed to a certain extent with all that had been
said in the discussion on the question of gas in
metals, but, at the same time, he wished to utter
a word of warning. In the last two years or so
there had been an increasing tendency to attribute
every foundry defect to the presence of gas. Gas
in alloys was certainly important, but it was cer-
tainly not responsible for shrinkage cavities.

Columnar and Equi-axed Crystallisation.

Dr. Rosenhain had apparently misunderstood
the reference in the Paper to the columnar and
equi-axed crystals, and had rather confused the
reference to temperature gradient and rate of
cooling. The two, of course, were entirely
different, and the point of his remarks in the
Paper was that whether a columnar or equi-axed
structure would be formed, the solid and liquid
would be always in even contact. With a pure
metal, whether it was cooled quickly or slowly,
the solid-liquid interface was always fairly even ;
with an alloy it might not necessarily be so. He
had not intended to imply that one should seek to
obtain big dendrites; the weakness of a dendritic
structure was very well known. He was pleased
to hear that Prof. Turner had carried out investi-
gations into the determination of densities, and
urged him very strongly to publish his work,
whether or not he was confident that it would meet
with approval, for the necessity for an advance in
this direction was very pressing. In his Paper he
had not considered the question of the skin effect
of castings, although he agreed that it was rather
important. He was rather sorry, however, that
Prof. Turner had based some of his arguments in
relation to skin effect on cast iron. Cast iron was
the alloy most universally used, and was the most
complicated alloy in engineering practice at the
present time; unfortunately, too, it was the alloy
we knew least about, so that he considered it
rather unwise to base any conclusions on the
behaviour of cast iron. In the Paper he had not
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dealt with the question of volume changes in the
solid, because he was rather doubtful as to
whether, once the whole casting was solid, any
volume changes would affect the contraction
cavity; he believed the contraction cavity was
formed and finished with immediately the alloy
was completely frozen. Discussing the methods
adopted for density determinations, described by
Dr. Smith, he said that they all suffered from the
defect that they were applicable only to low-
melting-point alloys, or they measured the con-
traction from the liquid to the solid; what was
wanted was a method of determining the density
changes in the liquid only, and not the density
changes that took place during the whole of the
freezing of the casting.

On the proposition of Mr. A. H. Mundey,
seconded by Mr. D. Finlayson, a hearty vote of
thanks was accorded Mr. Dews for his Paper.
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Newcastle-on-Tyne Branch.

THE MANUFACTURE OF IRON CASTINGS FOR
PETROL ENGINES.

By W. J. Molyneux (Member).

This paper will endeavour to explain some of
the methods commonly used in the manufacture
of petrol-engine castings and will also show some
devices new, and perhaps novel, of which the
author has made use during some 10 years’ close
connection with the business. Few foundries in
this country have laid out their plant on such a
lavish scale as the highly-specialised motor
foundries in America, although some of the
cylinder foundries in the Midlands are making
rapid strides in this direction. When carried on
under capable management this is one of the most
profitable branches of the foundry business, but
where guesswork is in vogue and laxity is allowed
to creep in, disaster is inevitable. Jobbing
foundry practice is useless in this highly-
specialised work. The following are a few of the
factors that make for success.

Important Factors.

1) Design.—It is highly desirable for a foundry
engineer to be consulted during the design of a
new engine, as much useless labour can thus be
saved, and many difficulties avoided, most parti-
cularly on such castings as the cylinder unit, with-
out any sacrifice of efficiency in the jfinal product.
On one occasion the author quoted for a large
quantity of cylinders for a well-known American
make of car, the price of which worked out at
about one half that of a representative English
oar of the same horse power and of the same class
of design. The reason for this considerable
difference was that in the case of the American
design there was every indication of expert
foundry knowledge having been well applied,
whilst in the English design there had been little
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Fig. 1.—Shows Usual Method op Moulding a Piston

TOGETHER,

Accurate

WITH SUITABLE CORE BOXES FOR QUICK AND
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or no effort in this direction, although the two
cars were competing in the same market.

2) The foundry executive must, or should, plan
every operation down to the smallest detail before

pattern-making is started. Definite location
points for jigging purposes that can be guaranteed
by the founder must be mutually arranged between
the tool design and the foundry executive.
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?3) Pattern-making must be of the very best
and no reasonable expense spared in equipment
for the pattern shop to enable a high degree of
accuracy to be maintained. Patterns should strip
cleanly from the sand and leave no hand tooling
to be done except in dry-sand work which requires
wet blacking, which should be done by spraying.
Cores must fit accurately into their prints and be
made from core boxes so constructed that finish-
ing is unnecessary. Provision must be made for
the venting of cores; this often involves quite

Fig. 3.—Usual Method of Moulding a
Zephyr Type Piston.

elaborate provision in these core boxes or the use
of jigs for inserting the vents where required. It
is a fallacy to assume that oil-sand cores do not
require venting, extensive venting is often neces-
sary. Porosity in a cylinder or cylinder head
can often be traced to an unvented or improperly-
vented core. This can be readily seen if a mould
with all its cores in is cast without the top box
on, and the disturbance in the metal observed as
certain parts of the core are covered.
(4) To ensure accuracy and cheap production

moulding must be done on suitable machines, pre-
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ferably power operated. Moulding boxes must be
accurately machined and have well-fitting pins.

(5) All operations—especially the cupola prac-
tice—should be wunder accurate control. Raw
materials should be cheeked and analysed syste-
matically and routine analysis of the daily casts
taken. It is a good practice to have the date of

Fig. 4.—New Method oe Moulding with
Theee O il Sand Coees and Strainer
Cores. It is an Accurate M ethod,
as Concentricity can be Checked
during Construction.

pouring for some code mark to indicate the date)
cast on to cylinders and other important castings.
It is then possible to refer to the charge book at a
future date and trace any abnormality or irre-
crularitv in a casting even after the engine has
been in service for a long time.
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Making Petrol Engine Pistons.

Although aluminium alloy pistons have sup-
planted thdse of cast iron for speed work, and
also in many cases are now used for car work
generally, many cast-iron pistons are still made.
These are best moulded on jar ram machines with
pin lift, the cores being of oil sand. The most
suitable sand, in the author’s experience, is a very
fine silica sand, such as Ryarsh, the cores being
left unblacked. These castings must machine

Fig. 5.—Section of Main Core-
nox for Zephyr Piston.

easily, be quite clean, free from porosity, and due
to their rapid movement in the cylinder, they
must be as light as possible and of uniform
weight.  To set up in the lathe a collet is
expanded inside the pistons, and as the finished
thickness of the skirt is 1/16, or even less, the
insides must be quite free from even small
irregularities.

A piston that was used largely during the war
and is still much used for lorry work, is the
Zephyr piston, shown in Fig. 2. It is not gener-
ally used for cylinders under 100 mm. in dia.
Its chief advantages over the orthodox type are
its small weight, greater strength, and freedom
from piston slap. This is one of the few cast-
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iligs found to be more satisfactorily made by (hand
than machine moulded. Many founders have
found this a difficult casting to make and up to
90 per cent, of a consignment of eastings have
been known to be rejected, chiefly because the
job was treated as an ordinary moulding pro-
position, and the few castings that were finished
cost at least twice as much to machine as those
produced by the following rather original methods.

Flywheels and Clutch Rings.

These are most important castings which
revolve at a high speed. The material must be

Fig. 7.—An 18|-in. Dia. Flywheel as shown
in Fig. 6. Selit to show Freedom from
Porosity.

strong, quite free from porosity and surface
defects, and easily machined. After machining
these castings must be accurately balanced, this
is usually done by drilling holes in the periphery,
and it is surprising to see the amount that has
to be drilled out of some wheels (even if they are
machined all over) before they are in balance.
The best results have been obtained by:
1) Machine moulding from metal patterns and

plates (the heavier wheels being made in dry
sand).
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2) Casting with very hot metal through jet
runners, and dispensing entirely with feeders,
somewhat on the lines indicated by Ronceray.

Fig. 6 shows a lorry flywheel; and a heavy light-
ing set flywheel which is drilled in several places
and must be free from unsoundness; two lighter
car flywheels. Additionally it shows a clutch
ring, a section ivhich is very prone to porosity
through hot spot. The runner shown supplies
metal of even temperature.

Fig. 7 shows a large flywheel sectioned.

Fig. 8.*-Pattern Plate for Top W ater Pipe.
Top and Drag Runners made from the
same Plate Core has 3-Point Bearing.
NO Chaplets are Necessary to Support
Core. Each Mould Produces Two
Castings.

Pipes.

Top water pipes are made in pairs with a
3-point contact for the covers, and both tops and
bottoms are moulded off the same pattern.

Induction Dipes are generally most quickly made
on squeezer machines or (where deep draws are
encountered) a jar-ram machine. Oil-sand cores
are used for the pipe portion.

Air-Coo'ed Pipes.
Jar ram machines are best suited for these
pipes. An interesting feature is the cooling flns,
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which are often j-in. deep. They are moulded in
the top-part and can be carried without sprigs.
(Pig. 9.) The fin portion of the mould is made
of a very strong plain milled red sand and a small
amount of fine coal dust.

Fig. 10 shows the pattern and mould on a
Britannia machine.

Small Castings.

Valve guides, water-pump and oil-pump details,
crank-shaft bearings, valve caps, pump pulleys,
gear blanks, etc., are usually made from double-
sided, reversible, or single-pattern plates on
squeezer or jar ram machines by semi-skilled
workers. Big outputs of uniform quality and
size are possible. The patterns mhst strip cleanly

Fig. 9.—Section of an Air-cooled
E xhaust Pipe, showing Method
op Moulding and Running.

and all runners must be formed on the plates.
The runners should be so placed that the castings
break clean so that it is not necessary to file or
grind them.

Figs. 11 to 14 give details of the manufacture
of some of these.

Cylinders.
Cylinder castings can be roughly divided into
two classes—air-cooled jand water-cooled. The

former are chiefly used for motor cycle engines,
and the latter for car, lorry, stationary and aero
engines. During the last few years the tendency
has been for foundries to specialise in these cast-
ings, and in many foundries no other castings
whatever are made. Although it must be recog-
nised that much progress has been made there is
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still scope for vast improvement in the layout,
equipment and general conduct of these foundries.

Air-Cooled Cylinders.

These have either loose heads or closed tops.
They are generally made from gunmetal patterns
on jar- or hand-ram machines, stripping plates
being invariably employed for ensuring the strip-
ping of the fins, which are sometimes 1J in. deep.
The moulds are made of dry sand and cast on end.

Fie. 10m—Air-cooled Exhaust Pipe as shown
in Fig. 9, showing Pattern on Britannia
Machine and Pattern for Bottom-half
Mould. The Top Half of the Mould is
in the Background.

Qil-Cooled Cylinders.

This is a moulding problem that serves to show
what can be done by sometimes getting off the
beaten track in foundry practice. It is a small
motor cycle cylinder, and the problem was first
brought to the author’s notice because of the large
number of castings of an outside founder that
were rejected by the machine shop for a variety of
reasons. The castings were required in three
varieties of 1, 2 or 3 cooling fins, and were being
moulded in halves with the oentre cored out.
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Those castings wore eventually most successfully
produced in large quantities as shown in Fig. 16.
Four cast-iron patterns wore mounted on a
machined plate with a stripping plate for the
outside and stools to lift the centre cores which
were made to strip from the pattern. An oil-sand
core was used for the cooling fins and the strainer-
core. Note the irons to support cores and rods
for vents. Fig. 15 explains this.

It was thought to be impossible to make these
castings successfully—tjiey are machined all over

Fig. 1l1.—Pattern-plate Carrier for Jar
Ram Machine and 5 Pattern P lates of
Engine Details, such as Gear Blanks,
Oil-pump Details, Water Pumps, Valve
Guides and Camshaft Bearings.

except for the fins, and must be free from poro-
sity—in green sand and with a green-sand core.
Two serious difficulties were encountered before
success was attained. Sand presented the first
difficulty, as with the ordinary facing sands the
ramming had to be so soft to prevent blown cast-
ings that they were out of shape. A sand was
finally obtained that exceeded all expectations.
This sand was made from a strong, fine red sand,
dried sea sand and fine coal dust, well milled,
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passed through a disintegrator and used extremely
dry. This sand was very porous, and with very
little gas being generated could be rammed almost
brick hard and still be free venting, thus pro-
ducing extremely clean, true castings. The obtain-
ing of this sand led to a further difficulty how-
ever; it was found that the coal dust, which was
very fine, gradually found its way down between
the plungers and the patterns, making them
stick. This involved taking the whole thing to
pieces for cleaning after a few hours’ work. The
trouble was overcome by cutting 1J in. off the

Fib. 12.—The Wheel Blanks as seen in
Fig. 11, showing F reedom from
Porosity. Note the Jet Runners.

tops of the plungers and making new tops of
hardened steel, which were lapped into the pat-
terns. These pieces were packed with wool that
was soaked in oil each night. No difficulty was
afterwards experienced. As an example of out-
put it may be noted that ¢ man and 2 boys
mould and cast 140 per day, with 2 helpers during
the casting period.

Water-Cooled Cylinders.

Cylinder Heads.—The tendency in car engine
design since the war has been decidedly towards
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the overhead valve type, and where side by side
valves are used loose heads are frequently em-
ployed. This has simplified the cylinder castings
very much, especially overhead valve cylinders,
but the heads are very often difficult castings to
make. There are frequently four wvalves per
cylinder, which mean 24 bosses in a six-cylinder
head with the same number of inlet and exhaust
pipes, besides the necessary bosses for bolting the
head to the cylinder. All these bosses must be
quite sound when drilled and water-tested. The
jacket cores are often very intricate and delicate.

Fig. 13.—Six Good Examples of Machine
Pattern Plates for Engine Details.
Note the Plate in Left Foreground
with 30 Valve Guides in an 18-in. «x
12-in. Box.

Cylinders.

These are required with from one to eight
cylinders in one casting (Fig. 18). Some cylinders
are bolted with the crank-cases, while others are
designed with the cylinder and crank-case in one
piece. It will be readily understood that some
castings are comparatively simple, while others,
such as a 4- or 6-cylinder cast in one with their
crank-cases and flywheel housings are very intri-
cate, and seriously tax the skill of the pattern-
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maker and moulder, as 40 or more cores are some-
times required. The cost of these patterns, too, is
considerable, often running into hundreds of
pounds where large numbers of castings are
required.

In modern machine shop practice cylinders are
not marked off before machining, the castings
must be sufficiently accurate to admit of their loca-
tion in jigs, and come out accurate after com-
plete machining.

Fig. 1l4—Double-sided Pattern P lates for
Machine-moulding Engine Details.

Moulding.

Where large numbers are wanted the moulds are
invariably made on machines, generally of the jar
ram type by semi-skilled workers. In many cases
the moulds are cast in the “ green ” state. The
moulding boxes must be accurately machined,
strictly interchangeable, and have very little
tolerances in the pins. For large quantities
metal patterns and plates are desirable, although
excellent results and big numbers can be obtained
from hard mahogany patterns on metal plates, as
there is much less danger of wood patterns being
damaged on power-operated machines. Vents for
cores and all runners and risers should bo formed
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on the patterns or plates, and not left for cutting
by the operator. The various joints of a cylinder
mould must he flat to facilitate the gauging of
cores and where undercut parts occur these should
be cored out, drawbacks being out of the question.

Coremaking.

This is a branch of the cylinder founders’ busi-
ness that offers almost endless possibilities for

Fig. 15.—Qil-cooled Cylinder.
The 4 Patterns on Britannia
Machine, with 4 Vent B ods
in Position and 2 or the 4
Core B ods also in Position.

time-saving, and although much has been done in
the economic production of oil-sand cores, there
is still far too much of the foundry practice of
20 years ago in evidence, even in some otherwise
well-appointed foundries. One has only to glance
round the core rooms to see skilled workers
literally wasting their time in finishing cores due
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to faulty draws, cleaning out loose sand from
awkward corners in coreboxes, rubbing of dried
cores, blacking with brushes, etc., etc., to realise
what can be saved by the expenditure of a little
more money at the outset and the employment of
a first-class man to plan every operation before-
hand and design the equipment to avoid this
useless labour. It is possible to-day to produce
all the cores for any ordinary cylinder (1) by
female labour; (2) without any hand tooling what-
ever after the corebox is removed; (3) without

Fig. 17.—TwWO Parts of the Mould with
Four Cores in the Drag. Also a
Finished Cylinder and a Rough Casting
with Strainer Cores.

the necessity for rubbing the dried cores; and
(4) at an exceedingly cheap rate, and at the same
time enable the coremakers to earn big wages
and work under excellent conditions.

Where quantities justify the expense, wood
coreboxes should not be used, but where this is
not the case it will be found that a good hard
mahogany will give good service, especially if
reinforced with aluminium in the delicate parts.
It is also excellent practice to face the corebox
joints with aluminium about J in. thick, which
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can be machined over after final assembly on a
vertical milling or similar machine.

Fig. 18.—Group of Cylinders and Heads.

Fig. 19.-—Two-Bore Lorry Cylinder-Pattern
Plates Moulded in Pairs on Osborn Machine.

In Figs. 22 to 33 are shown the making of the
cores for a small 4-bore side-by-side valve
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cylinder that has heads and inlet pipes and ports
all cast in, all the cores are produced by female
labour. The boxes are so constructed that there
is no bedding in of loose pieces with mallets,
all wires can he easily put in, and every core
can be made without patching up of any kind
whatever. The cores strip clean from the core-
boxes, are dried, blacked and assembled. Each
operation was carefully planned beforehand, and
the coreboxes designed and machined by tool
makers.

Fig. 20.—A Set of Pattern Plates, Core
Gauges, etc., for 4-Bore Cylinder.

Pouring Cylinder Castings.

Some difference of opinion exists regarding the
pouring of cylinder castings. Perhaps the most
favoured method is to pour directly down the
cylinder bores. This is an excellent way for com-
paratively plain cylinders, but with more com-
plicated castings, such as those with much pipe
and valve work in and for those cast in one
piece with the crankcase, pouring very fast
through numerous small runners extending round
three sides of the casting produces the best
results. A pouring speed of 8 seconds per 1 cwt.
is a satisfactory rate. Where the cylinders are
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densened it is inadvisable to pour direct down the
cylinder bores.

Where the life of the cylinder is of more
importance than top speeds in machining, the
usual practice is to use an iron as hard as pos-
sible consistent with moderate machining speeds
in all parts of the casting—of course, taking care
to avoid the possibility of white iron in the thin
jacket or crankcase parts. The thickness in these
cylinders varies from in. in the jackets and
pipes, etc., to | in. or f in. in the cylinder bores,
and up to 1] in. or even more in some of these

Fig. 21.— Group of 4-Bore Cylinder and
Crankcase Pattern Plates on Osborn
M achine. Some 7,000 Castings had
been Produced from this Pattern when

the Picture was Made.

bosses. It may be said in ordinary practice the
degree of hardness varies inversely with the
thickness of the section, so that with the cylinder
bores being comparatively thick and in the hottest
part of the mould when cast, the heat is radiated
much more slowly than in some of the remote
parts of the casting. This, together with the fact
that large bosses are often attached to the
cylinder walls, leads to the production of a some-
what softer iron in the very place where maximum
hardness is desirable. It has been stated by

Q
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H. B. Swan, of Detroit, that a cylinder bore
i in. thick is softer, due to cooling conditions,
than a 1-in. square bar cast separate from the
same ladle of iron.

This was very pronounced in an experience the
author had in 1919 and 1920 with a 4-bore cylinder
that had a large thin crankcase cast on. These
castings were being made in several foundries in
this country and on the Continent. In some of
these castings the cylinders were much too soft
to wear satisfactorily, and in others, where the
cylinders were reasonably hard, difficulty was

Fig. 22.—A 63-m/m Bore Cylinder Casting.

experienced in machining thin parts towards the
outsides of the castings, but what was even worse,
several of these castings developed cracks in the
jacket and crankcases in service. This led to
experiments with hardened cylinder bores, a
practice eventually made standard. To obtain
this hard surface each cylinder bore core is pro-
vided with two half-round denseners which extend
to within J in. of each end. These denseners are
used over and over again, and are made quite
cheaply from plate patterns on jar ram machines.

The advantages of this method are: (1) The
cylinder bores are of uniform hardness through-
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out. Many cylinder founders use local denseners
where heavy bosses adjoin the cylinder walls.
This practice is undesirable, as it is usual to-day
to ream-finish a cylinder bore instead of grind-
ing, and this is rendered difficult due to the
various degrees of hardness, also in use the wear
on the walls and pistons is uneven; (2) the
cylinder bores are the hardest part of the cast-
ing; a Brinell number of over 200 is easily
maintained; (3) porous cylinders are almost
unknown; (4) the machine-shop rejects are much

Fig. 24.—Tw0 Pattern Plates on 403
Osborn Machine. One of 2 Plates for
Making Green-sand Tops, which are
seen in Foreground.

less; a most successful run was experienced in
1924 using this method; an overall scrap of 3 per
cent, was maintained for the year; and (5)
although boring is somewhat slower, other parts
of the castings can be machined at a much higher
speed.

Most foundries have pet ideas regarding their
cylinder mixtures, and there is some conflict of
opinion regarding the most suitable composition.
In this country in particular some of the
elements—notably phosphorus—vary considerably.
Some founders turning out first-class work believe
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Fig. 25.— The Cylinder shown in Fig. 22 in
P rocess of Coring. Note the Gas Drier
FOR REACHING ALL PARTS OF THE MOULD.

Fig. 26.—Group of Cores and Gauges for
the Cylinder shown in Fig. 22.
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in a phosphorus-content of up to 1.2 per cent.,
while others regard 0.5 per cent, as the maximum.
The author has had satisfactory results with
irons of the following composition: TC, about 3.2;
Si, 1.4 to 2.0 for hardened bores; 3, 0.1 maxi-
mum; Mn, 0.5; and P, 0.4 to 0.5 per cent.

Fig. 27.—View op Bottom Jacket Core-box
Itis Arranged to Avoid the Bedding of
all Loose Pieces.

Fig. 28.—Cross Section of Bottom Jacket
Box seen in Fig. 27.—Note Curved Ribs
M arked x to enable the Operation of
“Roll ”the Core-box instead of Lifting.

It is of paramount importance that the cupola
practice be of the best. Cupolas up to 3 ft. dia.
are most suitable, and this metal must have suffi-
cient superheat to allow of its being in good
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condition after tapping into Bull ladles, and
probably carried in shanks for considerable
distances.

In conclusion, the author’s thanks are due to

Fig. 30.—Group of the Component Parts of
the Main Jacket Core-box, with Core in
Foreground and Bending Blocks for
SOME OF THE CORE IRONS USED.

Fig. 31.— Cross Section of Core-box for
Cylinder Heads.

Messrs. lliffe & Sons for their permission to use
certain illustrations, also the directors of Messrs.
Dormans, of Stafford for their permission to use
certain of the photographs.



458

DISCUSSION.

In opening the discussion, Mr. V. Stobie re-
marked that he was very interested in what Mr.
Molyneux had said concerning the material.
Although he had said that the iron should be as
hard as possible, bearing in mind, of, course, the
machining speed, the analysis which he had given
did not strike one as being that of a hard iron.
He had noticed in Fig. 12 a casting which
had been made with some small jet runners. The
top seemed to be a very large block of
iron, if he had read the drawing correctly, which
appeared to be out of proportion to the jets,
which one would think would be chilled long
before the top iron was fed.

Section AS B
Drier port of core box and loose piece

Fig. 32—Core-box for Induction P ipe

Mr. W. J. paurin said that he had also been
very interested in Fig. 12, which had shown a
casting with a very heavy head and fine runners,
which would involve a certain space of time to
run. In the first place, there was the running
period in which there was no question of rush-
ing the metal, which must be run regularly and
without displacing the design. After the 'metal
had been run the casting itself began to con-
solidate and liquid metal to draw together.

Regarding the sand for the oil-cooled cylinder,
was the object in milling the red sand and sea
sand to get the particles all the same diameter? If
a container was filled with any particular size of
Sand, the relationship between the solid size and
air spaces was exactly the same; but if different
sizes of grain were put in the same container
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the relationship was at once disturbed. At the
same time, it apparently made a much firmer
core, and yet, if the theory were right, it ought
to have been the opposite. In Fig. 7 was shown
a heavy flywheel with jet runners, and it
was surprising how solid it looked. Was the
same mixture of iron used for it? Mr. Moly-
neux had also referred to denseners made from
cast iron. Did he make that iron of any special
mixture to reduce gas? Had he ever experi-
mented with wrought iron?

Fig. 33.— A Finished Engine.

Me. H. J. Young, F.I.C., observed that Mr.
Molyneux had mentioned that he considered a
pouring speed of 8 secs, per cwt. was a satis-
factory one for small castings. He (Mr. Young)
had seen ingot moulds in cast iron cast at the
same speed take 5 to 10 minutes to pour. On
the other hand, in marine foundries -castings
were actually poured at 4 sec. per cwt. He would
like Mr. Molyneux to tell him, if he could, why
these things were done. Mr. Young also asked
if Mr. Molyneux really thought strainer cores
strained the metal, and what he strained out of
it. He was interested in what Mr. Molyneux
had said about flywheels frequently being thrown
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out of balance after machining, and wished to
know what was the reason for that.

Mr. J. W. Frier said that he would like to
know the thickness of the cylinders, and allowance
Mr. Molyneux gave for contraction, and the
depth of chill and the effect of the chills, as he
had been very interested in the method of chill-
ing the bore of the cylinder. He had noticed
that in the photograph of the pistons that they
were run from the (top, the runners being
dropped into part of the dry sand core, and he
wondered if there were any ill-effect.

Mr. J. M. smitnh said that he would like to
inform the meeting of a strange ease, which
might explain that question, in connection with
a flywheel for a motor engine. The casting was
rejected because it was half an ounce too light.
The drawn side could scarcely be seen, and yet
that was the cause of the trouble. The work
which they were discussing was so accurate that
even a fraction of an ounce would reject the
casting.

Mr. H. C. Jay remarked that in making fly-
wheels for fire engines, care had to be taken to
get the flywheels perfect in form. Similar
results had been obtained with a lower phos-
phorus mixture than that mentioned by Mr.
Molyneux. For motor cylinders, phosphorus in
the neighbourhood of 0.4-0.5 per cent, had been
very satisfactory, although on the Continent it
was generally as high as 1.2 per cent.

Mr. W. J. Paulin remarked that this was un-
usually high. He also asked Mr. Molyneux if any
trouble was experienced with the pistons which
had extremely thin sections and yet two large
bosses.

In reply to the discussion, Mr. Molyneux said
that the apparently large piece of metal at the top
of the jet runners on the half-time wheel in Fig. 12
was simply the runner basin, and was made narrow
and deep in section simply to facilitate moulding
on the jar ram machine. No attempt was made
to “ feed ” the casting through the jet runners.
The loose runner pattern was clearly seen with
the pattern plate on the left-hand side in Fig. 11.
One reason for using jet runners (and, in fact,
strainer cores too) is to get clean castings. When
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these are used on castings made in large quan-
tities (it was impossible to supervise the pouring
at all times) a man must keep his runner filled
and cast very hot or the mould will not fill, and
he is not paid for the casting. It was almost
impossible to get slag into a casting using jet or
strainer runners. With jet runners, too, one most
important feature is the particularly sound casting
resulting, as he thought was well illustrated in
the case of the flywheels and wheel blank.

The sand used for moulding the little oil-cooled
cylinder was very uniform in size and shape of
grains, and by being rammed on the jar machine
and used very dry, little gas was generated. The
mould could, therefore, be rammed extremely hard.
A very suitable silica sand which was finer than
seashore sand was “ Ryarsh ” sand, and was suit-
able for cores such as piston cores, which must be
very clean inside, no blacking being required with
this sand. Referring to wrought iron, Mr.
Molyneux said that he had never tried it, but
that he had tried steel with very good results.
For pistons, a mixture containing less than 0.4 or
over 0.9 per cent, phosphorus gave sound castings,
but in between these amounts there was a great
tendency for porosity.

Replying to Mu. Young, Mr. Molyneux said
the pouring rate of 8 secs, per cwt. had been taken
from actual practice. It was simply a case of
necessity, as the mould had to be filled quickly,
although in different cylinder foundries there were
differences of opinion as regards the speed of pour-
ing ; but he found that a good working speed, and
after the first trial casting runners were altered
to give this speed.

Mr. Molyneux stated that he could not say what
was strained out of the metal by pouring through
a strainer core, although he was conversant with
the experiments of Brunellie, Ronceray and
others; but his reason for using them was as stated
in reply to Mr. Paulin, and by placing a piece of
paper over the strainer core the metal on enter-
ing the bush was momentarily arrested until the
bush was full, and after that if the man failed
to keep the bush full slag would get into the
strainer and cause a misrun. Great difficulty was
often experienced in getting a flywheel in balance,
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as sometimes as many as six holes had to be drilled
in the periphery to bring the flywheel into balance
owing to porosity or unequal density. By using
jet runners, however, very little balancing was
required.

Replying to Mr. Frier, the thickness of cylinder
chills could only be discovered by experience. The
cylinders are chilled with two half-round chills.
Mr. Chapman raised the question of the thickness
of the sand under the bosses in Fig. 4. The boss
was round and the thin sand occurred just in one
place, and no difficulty whatever was experienced;
Mr. Jay, more or less, confirmed what he himself
had said concerning flywheels. In cylinder com-
position standard practice in the U.S.A. was to
have the phosphorus about 0.2 per cent.

In proposing a vote of thanks to Mr. Molyneux,
Mr. E. Wood (President) said that he would like
to mention that the subject of the grain size of
sand was dealt with in a Paper which had been
given by Mr. Herbst.

The vote of thanks was passed with acclamation.

Replying to the vote of thanks, Mr. Molynectx
said that his only regret was that he had teen
able to cover so little of his subject in the short
time at his disposal.
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Newcastle-on-Tyne Branch.
THE SAND PROBLEM.

By A. Logan (Member).

Although a fair amount of research has been
carried out on the subject of moulding sands,
and a certain amount of fundamental knowledge
obtained, yet there seems to be very little appli-
cation of this knowledge in the average foundry.
The object of this Paper is to focus attention on
the sand question, and although the latter part
of the Paper deals with the subject in a general
sense, it is the Sand question as it applies parti-
cularly to the Tyneside district with which it is
proposed to deal primarily.

Sands Used Locally.

At the present time there is very little steel
founding carried out on Tyneside, and in any case
steel founding requires rather special sand, so
that the Paper deals only with sands for iron-
and brass-moulding. Sand being a comparatively
worthless material in itself, and transport costs
being high, it follows that the ideal as regards
economy would be for large founding districts to
be situated on, or immediately adjacent to, suit-
able sand strata and coal measures. Such con-
ditions exist in the Midlands, and account for
the area known as the “ Black Country.” It
will be readily seen that the growth and pros-
perity of the Birmingham district is due largely
to a natural use and application of the combina-
tion of resources available. Unfortunately,
whilst Tyneside has the coal measures, suitable
deposits of sand are not available locally. The
evolution of Tyneside as a founding centre, there-
fore, is mainly due to the growth and demands
of local shipbuilding and engineering. The cost
of transport being practically the determining
factor, it is easy to see why the greatest bulk of
sand used in this district comes from the Erith
deposits on the Thames. Being shipped direct,



and water-borne, it is practically the cheapest
available source of supply. Prof. Boswell, one of
the foremost authorities on sands, in a Paper to
the Institute of Metals (Vol. XX1I, No. 2, 1919),
gives a map showing the principal foundry dis-
tricts and the available deposits of suitable
moulding sands. This is with special regard to
non-ferrous work, but is generally applicable for
both iron and non-ferrous work, as the same
sands are often used in both cases.
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Fig. 1.

Suitable supplies of sand are indicated in the
Counties of Durham and Yorkshire. The Durham
sand is within easy reach of Tyneside, whilst the
Cleveland sand is quite close to the Middles-
brough district. Up to the present, the Durham
sands have not been found very suitable, and
they do not seem to be in general use. Cer-
tainly a sample which has been examined is
quite unsuitable for moulding purposes. Other
6ands which are used to some extent are from the
Selby, Doncaster and Mansfield area, and are all
of the same type (Bunter) and deposit. Small
gquantities of other sands are possibly used in
some foundries for special purposes.
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Properties Desirable in a Moulding Sand.

There are certain well-defined properties which
are essential in a moulding sand, whether for
brass or iron, and certain others which are not
so well defined, but which are also thought to
be of great importance. A good moulding sand
must possess good bond, strength in the green
state, maximum porosity and permeability, suit-
able grain size, and freedom from fusing, with
long working life. The bond, of course, depends

m sssrer

Fig. 2.—Comparison op Sieve Tests
on Various Sands.

mainly upon the clay content, and in some sands
where the ferric oxide content is high, this
hydrated iron oxide also forms a considerable
bond in itself. There is a difference in the
behaviour of a clay bond and a hydrated iron-
oxide bond in service, and the long-life qualities
are closely connected with the type of bond
present. Both clay and hydrated iron oxide are
colloidal bodies, that is, they exist in particles
which are so small that they are ultra-microscopic,
and the ratio of surface to mass is definitely
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high. Chemically, clay consists of a heterogeneous
mixture of various hydrated aluminium silicates.
No satisfactory explanation of what actually
causes the plasticity of clays has yet been

advanced, but we know that * ageing ” or
“ weathering ” in the moist condition, or “ work-
ing ” the clay, increases this property. On

heating, the hygroscopic water is driven off at
100 deg. C. and the clay loses its plasticity and
dries to a hard mass, but moistening and working
will restore the plasticity. On further heating
to approximately 500 deg. C., however, the chemi-
cally combined water is driven off, and the clay’
permanently loses its plasticity. No amount of
moistening and working will then restore it, and
it is said to be “ burnt.” This action is con-
tinually happening when a moulding sand is in
use. The layer of sand forming the wall of the
mould is strongly heated by the hot metal
adjacent to it. All the sand heated in this way
to approximately 500 deg. C. and over will be
burnt and lose its bonding properties completely.
The bond due to hydrated iron oxide is not so
easily affected by the degree of heating which
destroys the clay bond.

Porosity and Permeability.

It is a very prevalent idea among foundrymen
that porosity and permeability mean the same
thing, but in reality they are two quite distinct
properties. Porosity refers to the actual pore
spaces or voids which exist in a mass of sand,
whereas permeability relates to the ease or other-
wise with which gas can permeate or pass
through those voids. Generally, the greater the
porosity the greater the permeability; but it does
not follow. Two sands of equal porosity may be
of widely different permeability. One may be
composed of .large grains, and the other of small
grains, or may have the bond differently distri-
buted, and lower permeability will be caused by
the increased friction of the smaller pore spaces.
This fact can be visualised by simple practical
experiment.

Suppose there are two 5-in. cubes and jDto oOne
iS put 125 spheres of 1-in. diameter, and into the
other we put 1,000 spheres of £-in. diameter. At



467

the first glance it might be thought that the
larger spheres would have a larger void space,
but actually both are equal—the ratio of occu-
pied volume being always 52.36 per cent, where
the particles are perfectly spherical. Thus we
can add a further 47.6 per cent.; the volume of
water in each case will occupy the air space or
voids between the spheres without increasing the
total volume. It will be seen, however, that
although the total porosity or pore space remains

Fig. 3.—x 25. Unwashed Erith Loam.
Sand Grains remaining on the 50-

Mesh I.M.M. Sieve=6.35 per cent.

the same, yet in the case of the larger spheres
the spaces are also larger, and there are fewer
of them compared with the small spheres which
have smaller spaces and more of them. The per-
meability or ease with which gas can find its
way through will, therefore, be greater In the
first case where the voids are fewer and bigger.
Where mixtures of particles exist of various sizes,
these conditions do not hold good, as the smaller



particles tend to pack into the void spaces
between the larger grains, and thus reduce the
permeability considerably. From this point of
view it is unwise to mix different varieties of
sand in the hope of improving the quality, unless
full information is available concerning the
respective grain sizes. If the sands are of dif-
ferent grain size, a mixture of the two will give
a sand with poorer properties than either of the
original.

Although sand grains as they exist in moulding
sands are not clean, perfectly spherical grains,
yet these principles apply, and it will be seen how
the physical constitution (that ft, the sizes,
shapes, and amounts of the different sizes, and
their bond coating) affect the permeability. If a
moulding sand is examined under the microscope,
it will be found to consist of irregular grains of
different sizes. New sand has the clay bond very
unevenly distributed on the sand grains, gener-
ally forming wart- or knob-like masses. After
working or milling, this clay is distributed more
uniformly, forming a more or less complete
envelope or jacket round the sand grains.

Methods of Testing.

The foundryman has his own rough-and-ready
method of testing a new sand. He rubs it
between his thumb and finger in order to get an
idea of its texture or grain size, then he squeezes
a handful in order to test the bond or strength.
Not very scientific, perhaps, but still very useful
when accompanied by experience.

The separation of the sand into definite grades
is only carrying the foundryman’s rough test to
its logical conclusion, and is accomplished by
means of sieves of varying mesh. The standard
Institute of Mining and Metallurgy sieves are
used, and for ordinary purposes three have been
chosen which divide up the sand into coarse,
medium and fine. The material passing through
the last sieve is a mixture 'of coarse silt, fine
silt and clay. The sieve numbers chosen are 20,
50, and 120 respectively. The No. 20 sieve
retains all material larger than 0.635 mm. (0.025
in.); the No. 50 sieve retains all larger than
0.254 mm. (0.01 in.); the No. 120 sieve retains
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all larger than 0.107 mm. (0.0042 in.). |If the
material passing through the last sieve is only a
small percentage of the total, it is not necessary
to examine it further, hut with very fine-grained
sands, where a considerable proportion of the
whole passes through, it is necessary to further
grade the material. This is accomplished hy
elutriation.

It has been objected that square hole sieves are

Fig. 4.— x 25. Erith Loam. Sand Grains
REMAINING ON THE 50-MeSH I.M .M.
Sieve = 4.48 per cent.

not so satisfactory as round hole sieves, and inas-
much that grains with one axes greater than
another may get through the diagonal axes of the
square hole, this is quite true, hut for practical
comparative work this does not matter. It is
obvious that a moulding sand with its coating of
clay bond on the grains will give an apparently
larger grain size on sieving. Sands should there-
fore he sieved in both the washed and unwashed
conditions for comparison.
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The results of sieve tests on different sands are
shown graphically in Fig. 2, for comparison pur-
poses.

Actually, in fully investigating different sands,
it is necessary to go further than the sieve tests,
and divide up the material which passes through
the 120 sieve into its respective grades of coarse
silt, fine silt, and actual clay bond. For instance,
comparing the Durham sand with Erith loam, it

Fig.5.— x 25. Unwashed Erith Loam.
Sand Grains remaining on the 120-
Mesh I.M .M. Sieve=7.58 per cent.

would appear that they are very similar, and might
be used or mixed and give the same results. Actu-
ally, however, this is not so, as the Durham sand
is almost useless for moulding purposes, containing
in addition to a poor clay of inferior bonding pro-
perties a large proportion of fine silt, which
chokes up the pores and reduces the permeability.
Smalley has quoted the relative permeabilities of
Erith and Durham sands under the same condi-
tions as practically 7 hours and 87 seconds respec-
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tively. (Time to pass 600 ccs. of air through tested
sand in his own permeability apparatus.)  This
low permeability is easily understood by comparing
the photo-micrographs.

Figs. 3, 4, 5, 6, 7 and 8 show photo-micrographs
of the various size sand grains of Erith sand, in
both the unwashed and washed conditions. Fig. 9
shows the fine silt in a Durham sand, and Fig. 10
grains of sea-sand.

The testing of permeability is not a simple opera-

Fig. 6.-— x 25. Washed Erith Loam.
Sand Grains remaining on the 120-
Mesh I.M .M. Sibve=5.69 per cent.

tion, but the general principle consists in measur-
ing the time taken to pass a certain volume of air
through a definite amount of the sand to be tested.
There are many different variables which influence
the test, and owing to lack of standard apparatus
comparative tests are all that can be obtained.
The degree of moistness originally present in the
sand, the degree of ramming, the area and thick-
ness of the tested sand, the bead or pressure behind
the air, all have their influence. In green sand
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work the moisture content is important, and this
is easily obtained by taking a weighed quantity
of sand and drying at slightly over 100 deg. C.
until a constant weight is obtained.

For some years the American Foundrymen’s
Association have had a special committee, known
as the Moulding Sand Research Committee, going
thoroughly into the question of methods of sand
testing, and they have done admirable work, which
will be referred to later.

Fig. (.— x 15. Unwashed Erith Loam.
Sand Grains passing through the 120-
Mesh I.M .M. Sieve=85.14 per cent.

Deterioration of Sand in Use.

The greatest source of loss is due to the layer
of sand forming the wall of the mould being
“ burnt ” during casting. As pointed out pre-
viously, all sand which is heated to 500 deg. C. or
over has its clay bond destroyed, and becomes use-
less. It depends upon the initial casting tempera-
ture, and the section and mass of the casting as
to how far the zone of temperature exceeding
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500 deg. C. penetrates back into the sand. When
the casting is removed from the mould it is impos-
sible to entirely separate the hurnt sand from the
unburnt, so that a certain proportion of “ dead ”
sand becomes mixed with the good. The handling
of sand also tends to break down the sand grains,
so that the tendency of the floor sand is always to
deteriorate into finer and less strong material,
with a decreased permeability.

Fig. 8.— x 25. W ashed Erith Loam.
Sand Grains passing through the
120-Mesh I.M .M. Sieve=89.35 per
CENT.

There is also the continual accumulation of small
particles of metal, iron being the worst offender in
this respect, as a drop of iron spilt whilst pouring
flies in all directions, and is split up into very small
* shot ” which are too small to be sieved out with
an ordinary foundry riddle. In time these
“ shot ” rust, and where the facing sand is a mix-
ture of riddled floor sand and new sand, etc., some
of these rusty “ shot,” perhaps only a matter of
an £ in. dia. or less, may happen to find their
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way to the actual mould face, and it is quite
possible that they may cause excessive local evolu-
tion of gas when the job is cast.

Normally the floor sand is kept in condition by
circulation, the addition of new sand to the facing
mixture balancing the discarded burnt sand, and
keeping the whole in good condition.

Foundry Aspect of the Sand Question. *

The most vital quality in a moulding sand from
the foundry point of view is that of strength,

Fig. 9.—Unwashed Durham Sand.
The Grains which have passed
THROUGH THE I.LM.M. SIEVE=82.35 PER
cent. Note the Large Proportion
op Silt Present and Compare with
Fig. 7.

and this is bound up with the question of the
bond. This is directly influenced by the moisture
content, and every particular sand has its own
optimum water content which gives the maximum
strength.  Generally the moulder will find this
out for himself, and he is able to work within
fairly close limits from day to day.
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It seems to the writer that even at the pre-
sent time there is very little practical applica-
tion in the foundries of this country of the re-
sults of researches which have been carried out
both here and in America and on the Continent.
How many foundries attempt in any way to con-
trol the properties or regulate the sand in any
definite manner? Or do they not simply take the
cheapest available source of supply and make the
best of it? On Tyneside, for instance, the majority
of the sand used is Erith, not because it is neces-

Fig. 10.— x20. Sea-Sand Grains remain-
ing on the 50-Mesh |I.M .M. Sieve=
89.51 per cent. Note the Approach
to Spherical Shape.

sarily the best sand, but because it is relatively
cheap. This fact emphasises another point upon
which it is desired to draw discussion. Looking
at the grading of new Erith loam, it will be
noticed that over 85 per cent, passes through a
120-mesh sieve—that is, allowing, say, about 8 per
cent, of this as being clay bond, then over 75 per
cent, of this sand is of the fineness which is
classed as silt, and the permeability is low com-
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pared with sands used in other districts, such as
Mansfield or Belgium loam, which are much
coarser or more “ open ” sands, and which have
higher initial permeabilities. What, then, is the
value we are to set on permeability from the
foundry point of view?

Although some go so far as to say that permea-
bility is nota necessary quality at all, it is
believed that permeabilitydoes matter to some
extent even in a dry-sand mould, and becomes
very important, of course, in cores or in places
nearly surrounded by molten metal. When it is
recollected that simple castings were made in
early times in stone moulds, and later in clay
moulds, and that semi-permanent moulds are being
used to-day where there can be very little, or no,
permeability, the whole questionbecomes very
difficult. In the dry-sand mould certainly, the
sand has' little more to do than to accommodate
the increased volume of the air occupying the pore
spaces, and which is expanded due to the heat of
casting, and possibly a little extra gas caused by
slight decomposition of the plumbago facing on
the mould surface. If the casting temperature is
sufficiently high, and the layer of sand forming
the face is burnt, then there will be a further
amount of water vapour liberated from the
hydrated bonding material. However, the time
element comes in, and it is only the first few
seconds or so when the molten metal makes con-
tact with the wall of the mould that is the critical
time from the casting’s point of view, for a skin
is formed very quickly. Any gas then generated
by the decomposition of the face would not be able
to penetrate into the metal, and would be forced
to find its way back into the sand. Trying to
picture the sequence of events as they take place,
we can imagine a mould being filled from the
bottom and the liquid metal rising up the walls.
Immediately a fresh part of the mould surface is
covered, a certain amount of decomposition of the
facing takes place, and the majority of the gas
liberated frees itself into the mould cavity and
thus escapes into the open. The heating of the
sand next the metal occurs, and this expands the
air held in the pore spaces, which has to escape
back into the cooler sand.
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Sand is a very poor conductor of heat, and
although the layer of sand next the casting is
very strongly heated, this is not conducted very
rapidly by the adjacent sand. The abstraction of
heat by the sand rapidly forms a skin on the out-
side of the metal where it is in contact with the
mould surface; and although it is possible that
by now the layer of sand may be heated to over
500 deg. C. and consequently becoming “ burnt”
by the decomposition of the clay bond with conse-
quent liberation of further quantities of gas, yet
this is unable to escape by way of the metal owing
to the impervious skin, and it is forced to gradu-
ally find its way out through the sand.

In any case, the volume of gas generated in a
properly dried, dry-sand mould must be very
small, and it finds its way out imperceptibly.
The case of the green-sand mould is rather
different. To commence with, there is both free
moisture and coal dust present, so that the volume
of gas generated is very much greater—much
greater than the ordinary permeability of the
sand can accommodate, so that free channels or
vents have to be artificially provided.

Permeability.

From a strictly practical point of view, the only
time that the actual permeability of the sand is
of any importance is the critical moment or so
when the molten metal first lies on the wall of the
mould. If the permeability is suoh that the
volume of gas being generated can find its way
through the sand sufficiently fast, to prevent the
accumulation of a pressure greater than the pres-
sure of the head of the liquid metal, then no gas
can escape by way of the metal. If the pressure
builds up greater than the liquid pressure in the
metal, then some gas will pass into the metal.
This can only happen momentarily, for in a very
short time a skin will have formed and prevent
either ingress or egress of gas. It does not follow
that a bubble of gas which enters will be found
at the same spot on machining, for on entering
the metal, it may be carried along some distance
if the mould is still being filled. This explains
why gas holes are sometimes found at places where
there is no apparent explanation for their
presence.
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Another reason is that sometimes an intense
local evolution of gas may take place at some
particular spot on the mould face, due to the
lodging of some foreign body in the sand at that
spot. The risks of this sort of trouble are very
much greater in green-sand work. Patching is a
frequent cause of both gas holes and scabbing.
Generally a place is patched with sand which con-
tains more moisture than the sand already form-
ing the mould. The excess moisture in the patch-
ing sand is absorbed into the mould by capillary
attraction and it carries with it a certain amount
of the clay bond. This accumulates in a layer
behind the patch, so that there is not only a weak
place due to insufficient bond which may scab;
but even if the patch resists the wash of the
molten metal, the lowered permeability due to the
layer of clay behind the patch may cause gas
trouble.

Another cause of scabbing may be due to too
hard ramming on one local spot, or ramming too
near the pattern. Up to a certain point, uniform
increase of density of the sand, only reduces the
permeability a little. This corresponds with the
point where all the sand grains with their jacket
of bond are touching each other. Further ram-
ming then causes the breakdown of the bond coat-
ing round each grain and causes packing of the
grains and choking of the pore space. The
decrease of permeability is then very marked, and
any local spots of this kind will probably “ scab ”
or “ blow.” As will be readily understood, these
are troubles which are due to the use or mis-use
of the sand, and not to the sand itself, and are
only avoided by the moulders’ individual skill and
care in working. Gas troubles in castings,
especially green-sand work, are nearly always due
to some irregularity in moulding, and very seldom
to the metal or sand. The biggest causes are as
outlined above—wet patches, unevenly rammed
places, ramming too near the pattern, patches,
etc., and also the possibility of mechanically
mixed impurities lying near the mould face. It
must not be forgotten also that the speed of pour-
ing, or the shape of the pouring basin may cause
air to be drawn in and mixed with the stream of
molten metal entering the casting.



Varions investigators have shown from time to
time the importance of correct water content, both
from the strength point of view and particularly
as to its effect on the permeability. As a matter
of fact, the permeability of a dry sand mould is
much less affected by over-ramming than by
an excessive amount of water in the first place.
The type of sand—that is, the general grain size—
and the amount and nature of the bond influence
the amount of water required. An open sand
of the Mansfield type therefore requires only a
matter of from 6 to 7 per cent., whereas a very fine
sand, such as Erith, requires from 10to 11 percent.,
although both perhaps would appear by observation
to be of the same comparative degree of moist-
ness. Fortunately, observation and experience
on the part of the moulder enable him to gauge
fairly accurately the necessary amount of water,
and, with care, he is able to work very closely to
the correct amount. Actual tests on a moulder’s
sand heap, over a period, have shown that the
greatest variation was only a matter of about 2
per cent., from approximately 10 to 12 per cent.
Nevertheless, the water content being so im-
portant, attention to this point is desirable,
especially where machine moulding and mass pro-
duction are in operation. In many American
foundries the water content is checked on every
batch of sand mixed.

The difficulties in the way of obtaining definite
permeability tests have been touched upon, and,
although a standard apparatus in a robust form
suitable for practical foundry work has been pre-
pared by the Sub-Committee on Tests of the
Moulding Sand Research Committee of the
American Foundrymen’s Association, yet appa-
rently everybody in this country uses a different
kind of apparatus. The same thing occurs with
the strength tests. Everybody seems to have a
different size test bar and different conditions of
doing the test.

Necessity for Practical Tests.

In general, there are two directions in which
sand testing can be effectively applied. One is in
deciding, in the first place, whether a sand is
suitable for any particular moulding purpose. It



480

is useless, for instance, trying to blend two dif-
ferent sands with a view to improving the pro-
perties, unless the respective properties of each—
grain size," bond, etc.—are known. Adgain, the
properties of a satisfactory sand in use being
investigated, it may be possible to match these
properties in a cheaper local sand.

Secondly, a suitable sand being fixed upon, it
is desirable to regulate the properties of the
sand in use, by simple, daily, routine tests. It
is thought that from the strictly practical point
of view, all that would be necessary would be a
moisture test, a permeability test, and a strength
test, something after the style of the practical
foundry test recommended by the American
Foundrymen’s Association Committee mentioned.
Proof that this practical test is of value in every-
day working is given by S. H. Russell in his
“ Impressions of American Foundries,” given
before the East Midlands Branch of this Insti-
tute.* To quote from this account, of one
foundry visited he states: “ These people have
adopted the Standard A.F.A. tests for their
sands. The test can be quickly taken and gives
valuable comparative results. A weighed quan-
tity of sand is taken from the heap, and is
rammed into a brass cylinder by three blows from
a weight falling down a spindle through a fixed
distance. The height of the column of sand is
measured by a lever resting on the top of the
spindle, and a pointer at the end of the lever
indicates the height on a graduated scale. Wet
sand rams closer than dry, and an indication is
given as to the comparative moisture and perme-
ability. The'brass cylinder containing the core
of sand is then taken and transferred to another
apparatus, and a simple water gauge indicates
the pressure necessary to drive air through the
core and indicates permeability. The core of sand
is then removed from the cylinder and is com-
pressed in a machine like a small, old-fashioned
letterpress. The core stands on the table of a
spring balance, and the reading in pounds when
the core collapses is taken. These three tests are
made in less time than it takes to describe them,

* Foundry Trade Journal, January 6, 1927.
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and this firm appear to regulate their sands
entirely by the result of these tests. ...”

Although it is fully recognised that, with the
natural moulding sands available in this.country,
our sand problem is not so pressing as it is in
America, and granted these suitable supplies of
moulding sand—that the troubles due to the
mould which do arise in everyday working are
more probably the result of unskilful or careless
moulding than of actual variation or unsuitability
of the actual sand itself. Yet it is still thought
that the problem is sufficiently important to
warrant a thorough examination of the whole
question of moulding sands, and particularly
methods of testing, on a much bigger scale, and
with a broader outlook than has been possible on
the part of individual workers—admirable as their
pioneer research has been.

The whole question of sand testing at the pre-
sent time in this country is chaotic. To give only
one instance—that of the simplest test of all—
the grading or sieve test. This is conducted by
different workers (both in this country and
abroad) with different sieves, some with round
holes, some with square, all with different dia-
meter openings. There are different methods of
conducting the sieving; some 6ieve only for a
fixed time, others sieve till no more passes
through, and so on. The very first essential is
that we should have definitely standardised tests,
preferably internationally standardised, or at
least to be comparable with work done in other
countries. The tests should, roughly, fall into
two categories—more or less fundamental research
tests, suitable for laboratory research and investi-
gation of new sands, etc., and practical, every-
day routine tests, which would give practical
guidance as to the condition of the sand in use.

There does appear to be a real need at the
present time for some such body as the Institute
of British Foundrymen to set up a committee on
the lines of the existing Test-Bar Committee,
which has done such useful work, and to go
thoroughly into this question of sands and sand
testing.
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Wales and Monmouth Branch.
SEMI-STEEL.

By J. E. Hurst (Member).

It is just over ten years since the author
addressed the Lancashire Branch of the Institute
on the subject of semi-steel. Since that time the
use of steel mixtures in the foundry cupola has
extended considerably, and they are more
thoroughly understood by the general ironfounder.
In fact, during the last ten years semi-steel has
occupied the position of the ultrafashionable cupola
mixture. It appears that the popularity of semi-
steel in the fashionable world of the ironfoundry is
on the wane, and is being usurped steadily by a
new fashion, under the guise of pearlitic cast iron
and low total-carbon content cast iron. This,
however, does not detract from the importance of
semi-steel, and the knowledge gained in the prac-
tice of semi-steel and, in fact, the continued use
of steel mixtures either directly or indirectly will
still be essential to maintain the high standards of
quality set in the more modern fashions.

In some notes on semi-steel or steel mixture
irons which the author has included in a chapter
of his book on “ The Metallurgy of Cast Iron,” he
has described semi-steel as a delightfully cheap and
easy way of producing a low silicon, low phos-
phorus iron—a good iron. There is no alteration
to make to this statement, except to add a proviso
that steel scrap remains cheap and easily obtain-
able. This and the whole of these notes have
been criticised in an American review of the book
on the following lines. The reviewer complains
that the most important detail of melting steel
additions in the cupola are omitted as though
they were,a matter of common knowledge. *“ Per-
haps they are in some quarters,” the reviewer
goes on to say, “but few foundrymen can meet a
heat containing 25 to 30 per cent, steel without
running into difficulties unless they have been
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instructed by an expert in this practice. Those
foundrvmen that do employ large quantities of
steel scrap seem loath to describe exactly how it
is done.”

This criticism reveals an attitude towards semi-
steel which is unfortunately typical of the attitude
of many foundrymen and ironfoundry metallurgists
(including many who ought to know better) to-
wards new suggestions and innovations in cast
iron cupola mixtures. The attitude is one which
endeavours to attribute some extra special know-
ledge and skill as being necessary to accomplish
the successful operation of the innovation. The
ironfoundry section of metallurgy as a whole
appears to be peculiarly susceptible to this kind
of thing, and it is thought that certain sections
of the industry prefer to maintain the atmosphere
of mystery and complexity surrounding its pro-
cesses rather than they should be laid bare and
simplified.

There are, of -course, many reasons for this
attitude, but one of the principal reasons which
it is necessary to mention here is that the intro-
duction of these innovations in cast iron mixture
practice is generally heralded by the most extrava-
gant claims, and as experience modifies them the
attitude above mentioned arises as an attempt to
sustain the initial unfounded claims.

Ten to twenty years ago semi-steel was inferen-
tially and directly made the subject of such extra-
vagant claims, and one meets people to-day who
still have the impression that the physical and
mechanical properties of semi-steel are between
those of steel and cast iron. This is, of course,
not true, and should any foundryman desire to
obtain such results, then it will be necessary for
him to have recourse to the services of such an
expert as is not to be found in this youlltry at any
rate. Otherwise, if he desires to obtain a 25 or
30 per cent, semi-steel, as the case might be, the
final result and the services of the expert will
remain unnecessary.

Composition of Semi-Steel.

The whole point in producing semi-steel is the
decision as to the most suitable chemical composi-
tion for the particular castings it is desired to

R 2
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make, neglecting for the moment any consideration
of the total carbon contents and confining atten-
tion solely to the remainder of the composition,
i.e., silicon, manganese, sulphur and phosphorus
contents.

The decision as to the most suitable composition
will determine the amount of steel to be used in
the mixture and the composition of the remaining
portion of the charge. This decision is governed
by the same rules and regulations as in the case
of ordinary castings, and the decisive feature is
generally the silicon content. In so far as the
items of the chemical composition enumerated
above are concerned, the addition of steel simply
acts as a diluent and reduces their proportions by
an amount depending upon the amount of steel
added, taking into consideration obviously
the normal losses and gains experienced due to
remelting. The normal loss in silicon and man-
ganese takes place, as does also the normal gain
in sulphur.

It is obvious that if the composition decided
upon is unsuitable for any particular casting the
steel mixture can hardly be held responsible. This
may quite easily happen as in the following hypo-
thetical case. Assuming a foundry operating on
light castings not more than J in. thick and using
an iron of approximately 2.0 to 2.5 per cent,
silicon, the addition of 25 per cent, steel to this
iron would reduce this to a silicon content in the
neighbourhood of 1.5 per cent., which would be at
once accompanied by disastrous results in the
shape of hard castings due to the low-silicon con-
tent. One may further imagine that this same
mixture has a low manganese content and com-
paratively high sulphur content, e.g., 0.30 per
cent. Mn and 0.15 per cent. S. The addition of
25 per cent, steel to this mixture with the reduc-
tion of the silicon content to 1.5 per cent, may be
accompanied by a tendency to hard castings. |If,
however, in addition the manganese is raised at
the same time, _either by the addition of ferro
manganese or pig-iron- or steel of high manganese
content, the tendency towards hard castings would
disappear. In this case satisfactory castings would
be obtained with silicon content of 0.5 per cent,
lower than the original of 2.0 per cent., and this



would be accompanied by superior properties in
the same castings. These superior properties are
not wholly due to the added steel, however, but to
the elimination of the influence of the sulphur by
the addition of manganese, and the only effect of
the steel is to improve what was originally a
defective mixture.

This brief consideration serves to show that in
the manufacture of semi-steel it is important
correctly to decide the desired composition, and in
obtaining this the composition of the cast iron
portion of the cupola charge is of the greatest
importance.

Total Carbon Contents.

There is no doubt that the early claims for
semi-steel were based upon the expectation that the
final mixture would have a low total-carbon con-
tent proportional to the amount of steel added.
That these expectations have not been justified
has been amply demonstrated over and over again
in practice, and the general experience is that in
ordinary cupola practice the total carbon content
suffers very little and more frequently no change
due to the added steel. Iif this respect the added
steel has proved itself not to act as a diluent. Of
the many examples that can be quoted, the results
of Wheeler (Manchester Association of Engineers,
1921) will serve to illustrate this point. Of the
two mixtures, the one containing 50 per cent, steel
has actually a higher total-carbon content than
the 25 per cent, steel mixture.

This question of the behaviour of the total
carbon contents when remelting mixtures of steel
and cast iron in the cupola is of the utmost
importance in connection with the modern trend of
ideas in improving the quality of cast iron.

When mild steel is charged by itself into the
cupola without the admixture of cast iron (i.e.,
100 per cent, steel) the steel melts and liquid metal
is withdrawn from the tap hole of the cupola. The
mild steel may have a carbon content of approxi-
mately 0.20 per cent, and the liquid metal will be
found to have a total carbon content very much
ill excess of this original amount. There are quite
a number of published results available of this
experiment. Dr. Stead obtained a total carbon
content of 3 per cent., and other results are avail-



486

able showing an increase in the total carbon con-
tents varying from 1.5 to 3.0 per cent.

This absorption of carbon, of course, takes place
as a result of the intimate contact of the steel
with the carbonaceous fuel and gases in the cupola,
and the results obtained by various investigators
indicate the comparatively wide limits of varia-
tion in the extent of this absorption. The condi-
tions which influence the extent of this absorption
can be summarised under the following head-
ings :— (1) The temperature attained in the cupola;
(2) the rapidity of melting and the length of time
of contact of the steel and carbonaceous fuel and
gases; (3) the length of time the molten metal lies
in contact with the coke; (4) the surface area per
unit weight of steel exposed to the carburising and
melting influences; (5) the character of the coke
and amount charged, and (6) the blast pressure
and quantity.

The influence of any one of the above conditions
is not necessarily separate and distinct, and they
are for the most part mutually interdependent.
For example, the character of the coke (5) and the
size of the material used (4), in addition to any
direct influence they might have on the extent of
the absorption of carbon, exert an influence on the
rapidity of melting (2) and the temperature
attained in the cupola (1). In this manner they
exert an additional influence on the extent of the
carbon absorption. It will be evident that con-
sistent results can only be obtained in any indi-
vidual case by the careful standardisation of all
these conditions

As a matter of interest some results obtained by
the writer on various occasions are summarised in
Table I .

From these results and similar results published
by other workers it may be assumed that the
general extent of the absorption of carbon by steel
scrap when melted in the cupola is generally from
2.5 to 3.0 per cent. The low results are generally
obtained when melting light scrap such as borings,
and particularly when these are rapidly melted.

The next question of importance is whether the
extent of the carbon absorption is the same or is
greater or less when the steel scrap is melted in
conjunction with pig-iron and scrap as a portion
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of the semi-steel mixture. There is, of course, no
O priori reason why it should be any different, and
very probably it, is not. The same conditions as
enumerated above will exert a similar influence,
and will require to be standardised in any par-
ticular instance with the object of obtaining
uniform results.

The following is an example of a comparatively
recent experiment in melting a semi-steel mixture.
/This experiment was performed with considerable
care in a standard Whiting cupola equipped with
the standard depth of bed. The molten material
was collected in the bed and tapped out in quanti-
ties of approximately 15 to 20 cwts. at one time.
The details of the mixture and the analytical
results are given below:—

A total of 4 tons was melted, the first ton of
which was not used in the experiment. The
charge consisted of 10 cwts. of boiler plate punch-
ings and 12 owts. of pig-iron of the following com-
position :—C.C., 0.30; Gr., 2.84; Si, 3.14; Mn,
0.80; S, 0.104, and P, 1.02 per cent.

The charges containing just over 45 per cent,
steel were melted and the molten metal collected
in the bed of the cupola. The analysis of three
separate taps of approximately a ton each time
are given in Table Il:—

Tavie Il

Sample No. 2 3 4
c.0. 0.77 0.80 0.82
Gr. 2.31 2.19 2.13
T.C. 3.08 2.99 2.95
Si 1.52 1.46 1.48
Mn 0.57 0.54 0.54
S 0.172 0.184 0.14
P 0.72 0.64 0.68

The most effective reduction in the total carbon
is in sample No. 4, in which the metal was con-
tinually running from the open tap hole and not
allowed to lie in the bed of the cupola.

The amount of carbon picked up by the steel
is calculated as follows:—No. 2, 3.03; No. 3, 2.81,
and No. 4, 2.72 per cent.

These experiments were carefully carried out with



normal cupola practice, and it is of special impor-
tance to notice that the calculated silicon content
allowing a normal loss of 10 per cent, should be
approximately 1.75 per cent. The actual mean
silicon content obtained is 1.50 per cent., bringing
the actual loss up to 20 per cent.

With even 45 per cent, steel in this mixture
under ordinary conditions of melting the reduction
in total carbon content is not very great, and the
amount of carbon absorbed by the steel under these
conditions of melting along with the pig-iron and
scrap is approximately the same as when melted
above. A more effective reduction in total carbon
content is obtained when, the molten charges are
prevented from remaining in prolonged contact
with the bed coke.

As a result of various investigations the view is
now held that the absorption of the carbon by the
steel occurs during its passage through the melting
zone and during the period in which the molten
drops are passing over the incandescent coke and
are collected in intimate contact with this coke in
the bed of the cupola. This view is undoubtedly
well-founded, and is confirmed by analysis of
samples of molten metal collected through the
tuyeres. For this reason it is desirable to reduce
the depth of the bed coke and to allow the metal
to run direct into a receiver or forehearth. |In
this manner the molten metal is removed from
prolonged contact with the incandescent bed coke
and low total-carbon content material can be
obtained with a greater degree of certainty.

Industrial Semi-Steel.

From personal experience of the industrial pro-
duct semi-steel produced from various foundries in
different parts of the country, it is found that
they can be divided broadly into two classes,
according to whether the total-carbon content has
been reduced or not. The latter type in which
the carbon content practically remains unaffected
is by far the most common, and until the last year
or two the low total-carbon variety of semi-steel
was rarely if ever encountered amongst the indus-
trial examples of the product.

The question of interest to engineers and foun-
drymen is the extent of the influence of the added
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steel on the properties of the resulting mixture.
If attention is confined to the variety of semi-steel
in which the total-carbon content is practically
unaffected by the steel added, the reduction in
silicon and phosphorus contents would be expected
to be accompanied by an increase in the strength
properties. The most satisfactory figures pub-
lished during recent years are the investigations
of Wheeler. As a result of his investigations,
Wheeler came to the conclusion that the quanti-
tative effect of steel added in quantities of from
10 to 30 per cent, to a soft cast iron was an
increase of 1 ton per sq. in. tensile strength for
each 5 per cent, of steel added.

W hilst this improvement results from the addi-
tion of steel, it must not be lost sight of that the
improvement is essentially due to the cumulative
effect of the reduction in silicon and phosphorus
contents. Any other method of bringing about a
similar reduction in composition will be accom-
panied by a similar result. For example, the use
of low-silicon hematite white iron in place of steel
and in proportionate quantities is accompanied
by similar results which confirms the fact that
the improvements are not the intrinsic result of
the added steel.

The question of distinguishing between the
intrinsic influence of steel and the influence due
to the modification in the composition induced by
the added steel is one which constantly arises in
these considerations. It arises again in connec-
tion with the 6ize and distribution of the graphite.
It is the general experience that the graphite
structure in semi-steel mixtures is of a fine nature,
and it is often stated that the addition of steel
results in a finer graphite structure, but finer than
what? This question is never answered. Is the
graphite structure of a semi-steel finer than that
of the identical composition produced by some
method other than the addition of steel and cast
under identical conditions of casting temperature
and rate of cooling? The demonstration of this
has never been carried out, and is, of course, a
demonstration of exceptional difficulty.

For many reasons, however, the author is of the
opinion that there would be no practical difference
found in the graphite-size arrangement and distri-
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bution, if such a comparison could be effected.
The fine graphite arrangement referred to in con-
nection with semi-steels is undoubtedly a compari-
son with material of a different composition, and
is due to the influence of the steel in the reduction
of the silicon and phosphorus contents, not to any
intrinsic influence of the added steel. Finally,
it should always be remembered that the size and
arrangement of the graphite structure is greatly
influenced by the casting temperature and rate of
cooling to which the metal is subjected. Even in
semi-steels, poor graphite structures can be
obtained under bad conditions of casting tempera-
ture and rate of cooling.

Low Total-Carbon Semi-Steels.

The first of the two divisions of industrial semi-
steels is not nearly so often encountered in prac-
tice. When they are obtained it is generally
agreed that they are accompanied by improved
mechanical properties. Tensile strength of up-
wards of 20 tons per sg. in., even 26 tons per sqg.
in., have been recorded on low total-carbon content
irons.

The conditions under which really low total-
carbon content semi-steels can be produced with
systematic regularity are by no means clearly
understood yet. It is wrong that individual
foundrymen should deceive themselves that this is
the case. That such low total-carbon content irons
can be produced from the cupola has been demon-
strated on many occasions, but one constantly
encounters many examples in which the very low
carbon contents fail to materialise in spite of many
precautions, some of which have already been
enumerated.

In examining the possible causes of the varia-
tions in carbon content experienced, the author’s
attention has been directed to the possible influ-
ence of different varieties of coke on the results.
The variations in the character of coke are now
tending to be more clearly understood, and this
aspect of the subject still awaits careful investiga-
tion in connection with the production of low
total-carbon content irons.

The “ Emmel ” process consists essentially of the
production of semi-steel. From his British Patent
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No. 244,405, one gathers that Emmel uses large
quantities of steel from 50 per cent, of the charge
upwards. It is stated that the low total-carbon
contents are to be secured principally by regu-
lating the amount of the blast or blast pressure.
Blast pressures of 16 in. of water are quoted in the
examples, and it must be confessed that these do
not strike one as being very greatly different from
those used in ordinary practice. Details of the
quantity of air used are not given, and the coke
charges given are 12 per cent, of the iron charged.

In view of other experiments, it is very doubtful
whether these details constitute the whole story of
the reduction in carbon contents obtained, and it
might possibly be that the variety and character
of the coke play an important part.

Semi-Steel Practice.

The American criticism referred to in the earlier
part of these notes casts doubt on the ability of
all but few foundrymen to make 25 to 30 per cent,
semi-steel unless they have been instructed by an
expert. It is of some interest to discuss the
possible difficulties.

The difficulties which confront those who are
desirous of producing semi-steel of very low total-
carbon content have already been fully considered,
and these difficulties are admittedly of such a
nature as not to have been yet completely solved
by experts.

W hat other difficulties are likely to be encoun-
tered P The answer is that there are few that are
not fairly well understood by the majority of
foundrymen. The general conversation of foun-
drymen when discussing this aspect of semi-steel
manufacture generally centres round (a) the
character of the steel additions; (b) the uniformity
of composition of the final melt, and (c) the sound-
ness and regularity of the final castings.

The Character of the Steel Additions.

Quite a wide variety of opinions have been
expressed on the character of the steel scrap
additions. Amongst these varieties of steel which
have been strictly forbidden by various writers
are:—(1) Borings, turnings and sheet cuttings;
(2) punchings, and (3) high-carbon steels.
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Speaking personally, the author sees no substan-
tial reason why these varieties of steel scrap should
be forbidden, with the exception of finely divided
borings as distinct from turnings. Turnings are,
of course, awkward in handling owing to the large
bulk for a given weight, and- are certainly to be
preferred in a bundled or baled condition. He has
used turnings consistently, and some of the results
quoted above are obtained with their use.

Uniformity of Composition.

There is no doubt that in melting two materials
so dissimilar in chemical composition it is diffi-
cult to ensure regularity and consistency in the
chemical composition. This difficulty was met
in the earlier days by remelting the steel and iron
mixture. This practice is not nearly so common,
and undoubtedly the best way of ensuring regu-
larity is either the use of a forehearth or mixer or
to make arrangements for each individual charge
to be tapped into one ladle.

Soundness and Regularity of the Final Castings.

The reduction in silicon contents resulting from
the addition of steel results in an increase in the
shrinkage value and the reduction in phosphorous
contents is accompanied by a loss in fluidity which
both have the tendency to increase the risk due to
unsoundness. Provision requires to be made for
this in the size and disposition of the heads, gates
and runners, and also in the provision of suffi-
ciently hot metal.

The presence of irregularities in the castings in
the shape of hard spots has often been commented
upon, and this is still regarded by many foundry-
men as being due to the presence of particles of
unmelted steel which have been carried along into
the casting. This view, however, can be definitely
ruled out as fallacious. One has only to consider
for a moment how rapidly a steel stirring rod or
skimmer melts and absorbs carbon when immersed
in liquid cast iron to realise how unlikely it is that
small particles of steel can survive as such in
liquid iron, after flowing down the cupola spout,
agitation in the ladle, agitation during pouring
and flowing down the various “ gates ” into the
casting. If such particles had any reasonable size
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they would hardly pass the cupola tap hole and
through many of the gates used on various cast-
ings. The author has certainly never seen a hard
spot in semi-steel eastings which could be ascribed
to this cause. Ordinary castings, particularly low
silicon irons, are equally as much liable to the
presence of hard spots as are semi-steel.

These points have been dealt with very briefly, as
they have been ably covered by various writers
recently, particularly by Mr. H. Field. None of
these points presents any more serious difficulties
than are normally met with in everyday cupola
practice, and it is not thought that the average
foundryman utilising his normal cupola experience
needs the guidance of experts in making 25 to
30 per cent, semi-steel.

In concluding these notes it is thought essential
to emphasise the fact that semi-steel is a cast iron
possessing all the distinguishing properties of cast
iron. Whatever better properties than common
foundry irons it possesses are due to the effect of
the steel in modifying the final composition of the
melt. As in the case of general cast iron practice,
semi-steel can be made of varying silicon, man-
ganese and phosphorous contents, and the result-
ing properties will vary in accordance with the
composition in an exactly similar manner to
general castings. It is still necessary to add, for
the benefit of many engineers who use castings,
that none of the essential properties of steel, viz.,
malleability and ductility, is possessed by semi-steel
intrinsically as a result of the steel additions. For
the benefit of the average foundryman it may be
permitted to repeat that semi-steel offers a”de-
lightfully simple and cheap method of obtaining a
low-silicon, low-phospliorous iron—a good iron.

DISCUSSION.

Mb.Hird thought many engineers believed that
semi-steel was something quite unique, and agreed
with the lecturer that hard spots did not come from
the steel additions. A few months ago he cast
some test bars, which, when broken, showed a
peculiar fracture. Running through the test-bar
was a hard patch of white iron surrounded by
grey. This was submitted to Mr. Pearce, of the
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B.O.I.R.A., who reported the patches were entirely
due to sulphur. The test-bar was 2 in.x 1 in.,
3 ft. long and cast on the flat, and when remelted
there were no hard spots. The casting was made
of pig-iron and scrap mixture.

Mb. McCrertand, after ascertaining that the
coke charge shown in Table | was exclusive of bed
charge, asked what was the additional cost of the
100 per cent, mixtures, because much depended
upon results, and one could not expect to get a
better material at a reduced cost.

Mr.Hurst pointed out these mixtures were not
suitable for ironfounders. The tables had been
utilised to show the amount of carbon absorption.
W hite iron had been used in all except No. 2, when
silicon had been added.

Mr. Williams asked how the lecturer would
account for the big percentage of waste in lots
one and three.

Mr.Hurst said that he could not now say the
character of the scrap used for these experiments,
which were made in 1912. Very often 75 per
cent, turnings and 25 per cent, something else
were used. When dealing with turnings, as in the
40-ton melt, they were all quite clean, but he
rather suspected the character of the turnings
used in the other experiments.

Mr.McCrertand said that it seemed strange in
using steel turnings, which are lighter and more
bulky than rolled steel sections, that the loss should
be so much less, 3.5 as against 8 per cent.

Mr. Hurst pointed out there were turnings in
both, and it was possible that the turnings in one
portion were bad, dirty and rusty. Replying to
Mr. Colin Rees, he repeated that if one used pig-
iron and got a certain analysis and then incor-
porated steel and produced the same analysis, and
providing same are cast under identical conditions,
then one would get the same properties. There is
the question of dry and green sand moulding, etc.,
and a hundred and one details to be controlled to
ensure the same results. This is an impossibility
in practice.

Mr_.Hird said that meant to say that cooling
down and thickening of the casting played almost
as big a part as the chemical analysis.

Mr .Hurst said that a metal poured hot would
have a tensile strength of 14 tons, whilst one
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poured cold would only have a tensile strength of
9 tons. A 20 per cent, steel mixture would have
4 tons extra tensile strength. |If the casting tem-
perature is increaeed without any addition of
steel, better results are obtained.

Mb. Hird suggested that if one wanted to get
the best results and could obtain really good iron
and had the facilities to obtain the best brands
of pig, it would be preferable to adding steel, if
the same results were obtained.

Mr. Hurst replied that he objected to paying
the price for cold blast irons. Mr. Hird had sug-
gested that cold blast iron had properties which
were not to be found in other irons, but he (the
lecturer) did not agree. The cold blast irons main-
tained their reputation in the roll industry, but it
had yet to be demonstrated that'cold blast irons
had better properties. Emmel in his specification
gives a 100 per cent, steel and claims 26 tons
tensile strength per sgq. in. Again, Keller, when
making shells for the French Government by melt-
ing steel scrap and re-carburising in the furnace,
obtained a tensile strength of over 30 tons per
sq. in.  France used to be large buyers of cold-blast
irons, but since the coal strike synthetic irons can
be bought at a price and roll makers are educated
up to the fact that it is not essential to use cold-
blast irons. It is practically a matter of roll
makers having a chance of demonstrating some
alternative.

M r . Hird insisted that if one cast two test-bars
from exactly the same iron, one would stand more
than the other.

Mr. Hurst replied that this was not due to
sulphur, but to the cooling conditions. An ex-
planation of this would be found in The Foundry
Trade Journal some time ago. White iron has
no graphite, grey® iron has graphite. Graphite
forms at a certain temperature. Assuming the
metal is solid at 1,160 deg. C., graphite forms at
1,145 deg. C. Graphite can be prevented from
forming by virtue of the correct cooling. If metal
is cooled sufficiently quickly, graphite does not
form. The rate of cooling above 1,145 deg. O. can
be anything, but ft does not form graphite.

Mr.McCilelland proposed and Mr . W illiams
seconded a hearty vote of thanks to the lecturer.
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Sheffield Branch.

THE INFLUENCE OF SULPHUR IN CAST IRON.

By J. E. Hurst (Member).

The influence of tlie various constituents pre-
sent in cast iron is always a matter of consider-
able interest to botli foundrymen and engineers.
As the makers and users of castings respectively,
the interest of both foundrymen and engineers
is very oftem distinctly opposed, and for this
reason alone it is very necessary that periodical
attempts should be made to review the state of
existing knowledge of the influence of these
constituents.

At a time like the present, as a result of the
coal strike the foundries are constrained to use
low-grade, high-sulphur coke, and the last
vestiges of pig-iron stocks which have been laid
aside owing to their high sulphur-oontents.
Under these conditions, with the danger of high-
sulphur contents in the Anal castings, the influ-
ence of the constituent sulphur assumes a rdle
of additional importance.

Some years ago the influence of sulphur was
regarded as fatal to the production of good cast-
ings, and was almost the universal explanation
for the defects which are prone to appear in
castings. In a text-book on ironfounding pub-
lished in 1912 the influence of sulphur is sum-
marised as follows: “ With an insufficiency of
manganese to jsatisfy the whole of the sulphur,
the exoess of the latter combines with the iron,
so that both manganese and iron sulphides may
be present. Of the sulphides, iron sulphide is the
more objectionable, as it is readily fusible, and
decomposes at high temperatures, gaseous sulphur
compounds being given off which, as they escape,
o-ive rise t0o blowholes, and therefore cause spongy,
unsound, and weak metal. Further, being readily
fusible, it is probably the last constituent to
solidify, and as a result it tends to be unevenly



distributed and segregates in the middle and
upper parts of the casting. Manganese sulphide
is not so readily fusible, and the temperature of
decomposition is higher.” This statement, as a
whole, represents the belief of many foundrymen
and engineers at the present date, and lest there
should be any mistake, rve may state at once,
without any equivocation, that as a whole it is
grossly wrong.

In 1908 Rhead, whilst calling attention to the
fact that sulphur is only too often made respon-
sible by the foundryman for all the faults of the
metal and the defects of castings, stated that the
general effects observed are that the iron is made
harder, more rigid, and perhaps brittle, is liable
to cast more unsoundly, is more sluggish, con-
tracts more, and is liable to produce drawn and
distorted castings  (especially in  green-sand
moulds). To this general statement, in its broad
sense, very little exception can be taken, and the
fact that Rhead deliberately caused the element
sulphur to serve a useful purpose by using it to
harden and stiffen otherwise soft metal, is an
aspect of the influence of sulphur which will be
more readily appreciated to-day. Incidentally,
Rhead considered 0.2 per cent, sulphur to be the
extreme limit of sulphur which should be present
in foundry iron, whilst for good results the
amount should not exceed 0.10 per cent.

Very broadly speaking, the more modern views
consider that in the presence of sufficient man-
ganese the harmful effects of sulphur are com-
pletely neutralised. Modern views, however, do
not go so far as to express an opinion as to the
maximum limit, if any, of the sulphur-oontent
which can be neutralised in this manner. It is
important to refer to the publicity which has
been given to various methods of desulphurising
cast iron, mostly of Continental origin; to the
so-called duplex processes, in which cupola-melted
cast iron is refined in subsidiary furnaces. The
recent publicity given to such processes would
tend to indicate that there exists a school of
opinion which, at any rate, is uncertain as to
whether the harmful effects of sulphur can be
completely neutralised. Putting this on one
side for the moment, the theoretical reasoning
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on which the modern view is based are certain
facts regarding the manner in which sulphur
exists in conjunction with certain other con-
stituents in cast iron.

It is generally considered that the sulphur may
exist in cast iron in the form of two separate
constituents, which are the chemical compounds
sulphides of iron and manganese respectively.
The existence of these two compounds having the
respective formulae FeS and MnS is apparently
well founded, although the study of these com-
pounds and their respective solubilities in iron
has been very much restricted and rendered
uncertain owing to the fact that these systems
are very much influenced by the presence of
oxides and silicates which are difficult to
eliminate in preparing the alloys. Other possible
compounds of sulphur with silicon and carbon:
sulpho-silicide and sulpho-carbide of iron have
been suggested on evidence of a very flimsy
nature. The possibility of the existence of such
compounds is considered to be very remote.

Manganese Sulphide.

Of the' two sulphides above mentioned, if one
is of more importance than the other in their
connection with cast iron, it is probably the sul-
phide of manganese. This sulphide has an
extremely high melting point of 1,620 deg. C.,
which is 115 deg. C. above the melting point of
pure iron, and approximately 470 deg. C. above
the melting point of cast iron of eutectic com-
position. It has a very low specific gravity of
3.99, which is about half that of ordinary cast
iron, and is generally assumed to be insoluble in
liquid cast iron within the temperature ranges
usually met with in everyday practice.

The assumption of the insolubility of man-
ganese sulphide is supported largely by the
manner in which this compound segregates in
masses of solidifying metal. The example given
bv the author in a recent contribution* s
illustrative of this tendency. This is a sulphur
print taken from the cross-section of a 4-J-in.
diameter cast iron bar approximately 17 in. long.
This bar was cast in a hot metal mould, and the

*foundry Trade Journal, vol. 34, page 325, fig. 3.
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marked segregation of the sulphide constituent
to the top of the ingot gives some evidence of
both the insolubility and the lower specific gravity
of this constituent.

Some doubt has been cast on the insolubility
of this sulphide constituent, and the fact
that it is pure manganese sulphide (MnS). Dr.
Stead,* from his examination of blowhole segre-
gates in steel, considers that at high temperatures
the sulphur is combined with the iron as FeS,
and that at lower temperatures MnS is formed
in accordance with the equation

FeS+ Mn=Fe + MnS.

The observation which prompted these con-
siderations is the 'fact that whilst the segrega-
tion of the sulphur was quite marked, that of man-
ganese was negligible. At a later date, in his dis-
cussion on Arnold and Bolsover’s paper,f Stead
suggests that the MnS does not solidify pure but as
the double compound Mn2e3S5 (3FeS.2MnS), and
that as the mass slowly cools this becomes unstable,
and the manganese in the surrounding steel
replaces the iron in combination with the sulphur.
This double compound is identical with that dis-
covered by Rohl, and which is more properly to
be regarded as the saturated solid solution of FeS
and MnS.

Further support to this view is forthcoming from
the Report on the “ Heterogeneity of Steel In-
gots,” presented to the lIron and Steel Institute
this year. In their examinations of various steel
ingots the committee who presented this report
encountered the same observation that the segre-
gation of the sulphur was not invariably accom-
panied by the manganese. The committee realised
the importance of this, but refrained from advanc-
ing any explanation or reason to account for these
observations. They definitely stated that the
question of the formation and solubility of MnS
is one of the matters which must be cleared up
by direct experiment.

It is not within the province of this Paper to
discuss this question further in relation to steel.
Some experiments in connection with cast iron are

* Cleveland Institute of Engineers, 1912, page 33.
t Journal, Iron and Steel Institute, No. 1,1914, page 396.
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of interest. When large masses of liquid cast iron
are rapidly rotated or “ centrifuged,” as is done
in the commercial centrifugal casting processes, a
marked segregation of the sulphur constituent
takes place; the constituent invariably moving
towards the axis of rotation. The movement of
the sulphide constituent in this manner under
the influence of the centrifugal action is clear
evidence, on a practical scale, of the insolubility
and lower specific gravity of the constituent
under the temperature conditions of the liquid
iron in these experiments.

The segregation of the sulphide constituent is
more effective in the case of large masses of molten
metal which are so disposed as to maintain them-
selves liquid for a longer period during the centri-
fugal operation, thus presenting a more favour-
able opportunity for the sulphur to segregate.

The analyses taken from the segregated portion

and the main body of a centrifugal casting are
as follows :—

Segregated Main Body

Centre Portion, of Casting.

Per cent. Per cent.
Mn ... 0.60 0.33
S .. 0.23 0.06

There is here distinct evidence of the movement
of manganese along with the sulphur. The man-
ganese remaining in the body of the casting is
considerably in excess of the requirements of 0.06
per cent. S to form the compound MnS. If we
deduct from this percentage 0.33 per cent, the
quota of manganese corresponding to the 0.06 per
cent, sulphur present, the amount remaining, viz.,
0.2262 per cent., can be regarded as the amount of
manganese not in combination with the sulphur.
If it is assumed that this portion of the man-
ganese has not been influenced by segregation
effects and is evenly distributed throughout the
whole casting, one would expect the amount of
manganese remaining, after deducting this
amount from the total present in the segregated
portion, would correspond to the quota required
with the sulphur present in this portion to form
the compound MnS. The results are set out in
Table I.
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Tabte |.—Distribution of Sulphur in Cast 'Iron.
Item. i‘eﬁte_r
1 Sulphur in body of casting 0.06
2 Quota of Mn corresponding to MnS

with (Item 1) .. 0.1038
3 Manganese in body of casting 0.33
4 Manganese in casting not combined

with sulphur (Item 3 minus Item 2) 0.2262
5 Manganese in segregated portion 0.60
6 Manganese in segregated portion com-

bined with sulphur  (Iltem 5 minus

Item 4) .. 0.3738
7 Sulphur in segregated portion 0.23
8 Theoretical quota of Mn required to

form MnS with (Item 6) 0.3979

The value (Item 6) 0.3738 per cent; is sufficiently
near the theoretical requirements of the com-
pound MnS, viz., 0.3979 per cent., as could be
expected under the conditions of this experiment.
In the light of this evidence it may be concluded
that in cast iron of the composition used in the
experiments, and in the presence of sufficient
manganese the sulphur exists largely as the simple
manganese sulphide (MnS), and that this com-
pound is insoluble in liquid cast iron at the tem-
peratures met with under ordinary foundry con-
ditions. In addition this evidence is strong con-
firmation of the lower specific gravity of this con-
stituent.

It is of interest to suggest that the application
of this centrifugal method might be applied to
the investigation of the condition of sulphur in
steel. The American Bureau of Standards have pub-
lished an investigation on a sample of centrifugally
cast steel, and reported a slight segregation of the
sulphur towards the inner surface. In an investi-
gation of this nature specially undertaken with
the object of determining the condition of the
sulphur much larger masses of metal would bo used
than those dealt with in this investigation.

The modern view that in the presence of suffi-
cient manganese the harmful effects of sulphur are
neutralised is based on the above facts. It is con-
sidered that by virtue of the insolubility of the
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manganese sulphide compound, the sulphur in this
form is removed from participation in the gra-
phite forming actions which have so much influence
on the properties of cast iron.

In all the samples previously illustrated no hard
white spots accompanied the segregation of the
sulphide. No marked difference was commented
upon in the hardness or machinability of the
various specimens at the points where the segre-
gations were prominent. This fact indicates at
least that MnS has no serious influence in pre-
venting the formation of graphite.

An interesting case of segregation came before
the writer’s notice some time ago. The analysis
of certain segregated lumps which were found on
the inside surface of a centrifugal casting was
as follows: CC, 0.31; Gr, 4.72; T.C., 5.03; Si,
4.46; Mn, 1.22; S, 0.69; and P, 1.20 per cent.

The important feature illustrated by this
specimen is that, in spite of the abnormally high
sulphur-content, the combined carbon has not
been maintained at any excessive value. There
is sufficient manganese present to convert the
whole of the sulphur to MnS. (Admittedly the
silicon has attained a high value, but this should
be taken in conjunction with the fact that the
samples were not more than \ in. thick and were
cast in metal moulds.)

The experiments of the late Dr. Stead may be
used to illustrate the neutralising effect of the
deliberate conversion of sulphur present in cast
iron to MnS. The addition of 1 per cent, man-
ganese to a white iron containing practically 3.0
per cent, combined carbon and 0.28 per cent,
sulphur converted this into a grey iron contain-
ing 0.6 per cent, combined carbon. These further
examples serve to confirm the modern view that
the insoluble MnS is without influence on the
condition of the carbon in cast iron, which in
its turn supports the view that its influence on
the ultimate quality of the metal is not likely to
be harmful.

Amount of Manganese Necessary to Neutralise Sulphur.

A question which is often asked and which is
of considerable practical importance is—W hat
amount of manganese is necessary to neutralise
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the sulphur? Theoretically, 1.73 parts of man-
ganese are required to form the manganese sul-
phide with 1 part of sulphur. It is often also
asked if this theoretical ratio is sufficient to
ensure the whole of the sulphur in commercial
cast iron being completely converted to MnS. It
is the general opinion that considerably more
than this theoretical amount of manganese is
necessary. In connection with steel, eight times
the amount of sulphur present has been sug-
gested. Levy has stated that the excess of man-
ganese required is likely to be greater in low-
carbon alloys than in liigh-carbon alloys (cast
iron).

The necessity for such an excess of manganese
has been explained on the grounds that a por-
tion of the manganese is invariably occupied by
some other constituent, and that a portion onlv
of the manganese goes to satisfy the sulphur.
This explanation is due to Dr.'McCance, and
appears to the author to be the most rational
from the point of view of our present knowledge.
The partition of the manganese between the sul-
phur and whatever other constituent (possibly the
carbon) with which it is connected is a subject
on which we have no quantitative information.
It is reasonable to assume that this partition will
be profoundly influenced by the amount of
carbon and silicon present, in addition to the
actual amounts of manganese and sulphur them-
selves.

Some extremely valuable information on this
point has been recently disclosed by Mr. John
Shaw in his recent Paper before the Detroit
Convention of the A.F.A. Mr. Shaw has dis-
closed what might be termed a critical ratio of
manganese and sulphur above or below which the
condition of the carbon is profoundly influenced.
This critical ratio in Mr. Shaw’ examples is
about 3 of manganese to 1 of sulphur. All the
examples are taken from roll metal having total
carbon contents of approximately 3.0 per cent, and
silicon round about 0.75 per cent. | think Mr.
Shaw’s findings may be summarised briefly as
follows: (1) When the ratio of manganese to
sulphur is less than 3:1 the combined carbon is
maintained at a higher value than when the ratio
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is greater ; and (2) in a like manner the depth
of chill in large masses cooling under similar
conditions is maintained to a greater extent than
when this ratio is greater than 3:1.

It is necessary to point out that these ratios
may not he exactly maintained in irons of dif-
ferent compositions from Mr. Shaw’s examples,
and these results might conceivably be interpreted
as evidence of the necessity for an excess of
manganese over and above the theoretical amount
to ensure the sulphur being converted to man-
ganese sulphide. There is, of course, an alter-
native interpretation which has already been put
forward by Mr. Shaw, and it is obvious that
further experiment is necessary to determine the
exact mechanism of the phenomenon.

W hatever the exact mechanism may be, this is
distinct evidence that an excess of manganese is
required to neutralise the effect of sulphur, and
in low-silicon, low total carbon irons this excess
is in the ratio of 3:1 as compared with the
theoretical ratio of 1.73:1. On a priori grounds
it is probable that this excess would be less in
irons of higher silicon and total carbon contents.

Iron Sulphide.

In the absence of manganese it is generally
accepted that the sulphur exists in the iron as
the sulphide of iron, FeS. It is in this form that
the sulphur is alleged to exert its influence in
retaining the carbon in the combined form and
thus preventing graphitisation.

The compound FeS has a melting point of 1,180
deg. C. and a specific gravity of 5.02. It has a
limited solubility in pure iron, and forms a
eutectic with this solid solution, having a melting
point of approximately 980 deg. C. The effect
of the presence of carbon and silicon on the solu-
bility of iron sulphide has not been thoroughly
investigated. The existence of a ternary eutectic
has been confirmed, but whether this exists in
the presence of silicon is uncertain.

In the light of all our existing knowledge we
are justified in making the hypothesis that FeS
is soluble in liquid cast iron, and to a limited
extent in the solid cast iron. How the dissolved
sulphide is distributed, whether in the austenite
or cementite, we are unable definitely to say.
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The influence of sulphur in the condition FeS
in preventing the formation of graphite has been
well established by various workers, including
Stead, Levy, Hatfield and others. The demon-
stration of this influence in low-silicon alloys for
malleable castings has formed the basis of the
most conclusive proofs of this influence of sul-
phur. The recent additional evidence furnished
by Kikuta will -be interesting to quote here in
demonstration. It will be noted that when the
sulphur is in excess of that required to form MnS
the graphitisation becomes increasingly difficult,
and the so-called second-stage graphitisation was
incomplete under the conditions of the experiment.

The influence of iron sulphide on the graphiti-
sation of grey irons has been extensively investi-
gated by Piwowarsky. All his samples contained
0.26 per cent, manganese, which requires 0.15 per
cent, sulphur fully to convert this to MnS. ‘It
may be assumed for the purposes of comparison
that the sulphur contents up to this percentage
are all in the condition MnS, and above this
value increments of sulphur represent increments
of FeS. The A curves represent conditions of
slow cooling and the B curves represent condi-
tions of quick cooling, and the curves are plotted
for various silicon and total carbon contents.

The most astounding result to many foundry-
men disclosed by these curves is that, with quite
normal silicon and total carbon contents with
slow rates of cooling, the sulphur .can exist—as
iron sulphide—up to a sulphur percentage of 0.6
to 0.75 without any serious diminution in the
extent of the graphitisation. The influence of
speeding up the rate of cooling, variation in the
total carbon and silicon contents, are also demon-
strated. The marked effect of the influ-
ence of quicker rates of cooling demonstrates
the influence of sulphur in the iron-sulphide con-
stituent in increasing the liability to chill.

One of the most important demonstrations of
these curves is the fallacy of attempting to de-
scribe the influence of sulphur without reference
to the remainder of the chemical composition
and the cooling conditions. This is a fault common
to many descriptions of the influence of con-
stituents on cast iron, particularly those “ potted
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varieties ” served up to engineers. In no case
is this fallacy more clearly demonstrated than in
this one under review. Almost universally sulphur
has been condemned as having a detrimental in-
fluence, yet when considered in reference to other
features it may have a useful and beneficial
influence, and, in fact, does enable results to be
obtained which would be impracticable in any
other way.

Interpretation of Modern Theory.

In the absence of manganese there is a general
tendency for the presence of increasing quantities
of sulphur to prevent graphitisation, and, as a
result, to increase the hardness, liability to chill,
and total shrinkage of the castings. This general
tendency is resisted by the silicon content and
also by the rate of cooling. Where the silicon con-
tent is high or the rate of cooling slow, quite
large percentages of sulphur may be present with-
out any serious effect on the extent of the
graphitisation. As the silicon content is lowered
or the rate of cooling quickened, the tendency
of the sulphur, in the absence of manganese, to
increase the hardness becomes more and more pre-
dominant. In all commercial cast iron some man-
ganese is present, and, in accordance with the
amount present, some of the sulphur must be
rendered innocuous as a result of the formation
of manganese sulphide. This fact further re-
duces the risk of any serious trouble arising out
of the sulphur content.

The Influence of Sulphur on the Mechanical Properties.

From a practical point of view, probably the
best method of demonstrating the influence of
sulphur lies in the examination of its influence on
the mechanical properties of cast iron. Obviously
it is not of much use answering the engineer’s or
foundryman’s query, as to what is the influence
of sulphur, by telling him that under certain con-
ditions sulphur prevents graphitisation, and under
other conditions it has exactly the opposite effect.

Many investigations have been made on the
influence of sulphur on the mechanical properties,
but, unfortunately, these investigations have not
been made with the object of demonstrating the
influence of this constituent 01l the lines of the



modern conception already outlined. The results
of Schmauser (Fig. 1) were obtained on a
cast iron of the following composition:(—Tot. C,
3.0; Si, 2.2; Mn, 0.5; and P, 0.7 per cent. A
rapid fall in the strength properties accompanied
by an increase in hardness is disclosed by these
investigations. To contrast with these inves-
tigations, there are the results of Hamasumi,

Fig. 1.—Schmauser’s Results.

where the influence of sulphur shows a general
tendency to increase the hardness and also the
strength properties. These are typical examples
of the contradictory nature of the various inves-
tigations which have been published. Any con-
sideration of such results is at once rendered
futile by the lack of the necessary information as
to size of test pieces and cooling conditions, and,
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most important of all, the condition in which the
sulphur exists.

A series of results have been obtained on white-
heart malleablised cast iron, from, which it is
accompanied by a decrease in strength properties
and difficulty of machining if its effect is exerted
on an initially close-grained cast iron. In other
words, the influence of sulphur in the condition
of FeS is dependent upon the rest of the composi-
tion, particularly the silicon content and the rate
of cooling. It is possible to imagine that under
conditions of silicon content and rate of cooling
such as those outlined in the high-silicon mem-
bers Group A of Piwowarsky’s experiments, that
the influence of sulphur up to percentages much
larger than commonly met with would be neg-
ligible, even in the FeS condition.

The general uncertainty of the actual test
results published would appear to confirm this
general view, and to quote Piwowarsky’s own
words: “ any exaggerated demands calling for
the removal of the last traces of sulphur in high-
manganese cast iron are not sufficiently borne
out by the practical and scientific investigations
hitherto carried out.”

In actual present-day practice, the manganese
content of cast iron is usually sufficiently high to
take care of all the sulphur normally present.
A percentage of manganese of 1.0 per cent, in a
common iron containing 2.5 per cent, silicon will
probably take care of sulphur up to 0.5 per cent.—
a value whioh is rarely met with except under
very abnormal conditions.

Limit of Safety in Content.

From the point of view of general foundry
practice it is, of course, difficult to place a really
definite maximum limit to the sulphur-content
above which the results are likely to be disastrous.
Such a limit cannot be defined strictly without
reference to the other conditions of composition
and cooling conditions. From the considerations
above, it appears to be certain that in an iron
containing 2.75 per cent. Si and 1 per cent, man-
ganese, a composition which is commonly used in
these days even the maximum limit of sul-
phur of 0.30 per cent, mentioned by Moldenke
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can be exceeded. There must be many foundry-
men who have knowledge of this figure having
been exceeded during the recent coal strike with-
out being accompanied by disastrous results.

It will also be evident that by careful adjust-
ment of the manganese and silicon to allow of
the sulphur existing partially in the iron-sulphide
condition, the sulphur may be utilised in the
manner suggested by Rhead to maintain the
hardness of the metal. We may quote a practical
example mentioned by Mr. H. J. Young, in
which he states that liners of very hard iron
have been'at sea for eight or nine years contain-
ing nearly 0.25 per cent, sulphur, a value con-
siderably in excess of the limits imposed by many
of the text-books.

From an examination of these and other pub-
lished test results in the light of modern con-
ception of the influence of sulphur, the necessity
for the reinvestigation of the influence of this
constituent in this respect becomes apparent. The
author has no data whatever from which to
determine the intrinsic influence of the sulphur
in the condition of Mn, S, and FeS respectively.
For this reason one’s conception must of neces-
sity be based on inference.

From an application of the inferential method
we are justified in concluding that, providing the
sulphur exists in the form of MnS, in which
form it is without influence on the condition of
the carbon, it is likewise without influence on
the mechanical properties. When the sulphur
exists as FeS, with its tendency to maintain the
carbon in the combined condition, its influence on
the mechanical properties will be exerted in the
direction of increasing the hardness. This in-
crease in hardness will be accompanied by an
increase in strength properties if its effect is
exerted on an initially soft and otherwise open-
grained cast iron. The same influence will be
obvious from the composition that the sulphur
exists as the iron sulphide. The outstanding
feature is that, apart from the elongation, no
serious influence of the sulphur is felt until a
percentage of between 0.4 to 0.5 per cent, is
reached. Similar results are demonstrated by the
Izod impact tests.
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It is, of course, undesirable to utilise high-
sulphur irons purely for the sake of using them,
as in any event it is superfluous to increase the
amount of the impurities in cast iron without
any substantial reason. At the same time, it
will be appreciated that many varieties of iron,
both scrap iron and pig-iron, which in normal
times are rejected as containing too much sul-
phur, might with care be used with no harmful
results.

Conclusions.

To enable a conception of a concise nature to
be obtained of the influence of sulphur might be
briefly summarised as follows :—

(1) In the presence of sufficient manganese, at
least in the ratio of 3:1 in lower-silicon
iron, the sulphur is converted to MnS, in
which form it is harmless up to quite
appreciable amounts. (In higher-silicon
irons the excess of manganese over the
theoretical amount is probably much less
than the above ratio.)

(2) Even in the absence of sufficient manganese,
the presence of FeS in appreciable quan-
tities will not have any serious effect in the
presence of the higher silicon and total
carbon contents, and particularly when the
rate of cooling is comparatively slow.

(3) It is highly probable that in the presence
of manganese the comparatively high safe
limit of sulphur specified by Dr. Moldenke,
viz., 0.30 per cent.,, can be exceeded with
safety.

(4) Quoting Piwowarsky’s own words as the
final conclusion that “ the exaggerated
demands for the removal of the last traces
of S in high Mn cast irons are not justified
in the light of modern knowledge.”

Finally, one of the main reasons for the choice
of this subject is with an eye to the future.
Modern tendency in the development of the
metallurgical side of foundry practice is towards
the use of low total carbon-content irons, and
this tendency will be considerably hastened if low
total carbon-content irons become available at a
price comparable with ordinary foundry pig-iron.



As far as the author can see, the various methods
available for the production of such low total
carbon-content irons, either direct from the blast
furnace or by other semi-synthetic methods, the
pig-iron is likely to be accompanied by a sulphur-
content higher than normal. This has often been
raised as a serious objection, and for this addi-
tional reason it becomes necessary to point out
that the findings of investigation, so far as it
has progressed up to the present, is that the
influence of sulphur is not likely to be accom-
panied by anything like the disastrous results
which many text-books indicate.
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Lancashire Branch.

THE HEAT TREATMENT AND GROWTH OF
CAST IRON.

By J. W. Donaldson, B.Sc., A.l.C. (Associate Member).

Numerous investigations have been carried out
during the last twenty years on the influence of
heat-treatment on the properties of grey cast iron.
The subject is one of considerable industrial
importance, as many engineering parts have to
sustain conditions of considerable temperature for
more or less prolonged periods of time. An admir-
able review of the work that has been done is
given by Hurst in his book on the “ Metallurgy
of Cast Iron,” so that it is not necessary to do
more than refer to one or two of the more
important conclusions arrived at.

Decomposition of carbide in grey cast iron takes
place at temperatures below the pearlitic change
point. The extent of the decomposition depends
on the silicon content, being more pronounced the
greater the quantity. It also depends on the tem-
perature and the duration of the heat-treatment.
Additional elements, such as manganese, tungsten,
and chromium, retard very considerably the
decomposition of the carbide. Microscopic
examination of low-temperature heat-treated cast
iron confirms the results obtained analytically
with reference to decomposition of the carbide.

The tensile strength of grey cast iron at first
falls off as the temperature increases, then
increases to a maximum usually in the vicinity of
400 deg. C., after which it decreases rapidly as
the temperature increases. Irons which have been
subjected to a preliminary heat-treatment before
testing show consistently lower values when tested
at elevated temperatures than those obtained in
the normal irons tested under similar conditions.
The depression which is noted in the normal irons
is absent in the heat-treated irons. The influence
of varying proportions of manganese, tungsten,
and chromium not only increase the initial

S
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tensile strength hut also yield a higher strength
value at temperatures up to 500 deg. C.

Volume changes or growth in grey cast irons
take place after repeated heatings and coolings
at temperatures below the pearlite point. The
extent of these changes, which are no doubt
largely due to carbide decomposition, are modi-
fied by the composition of the iron and the addi-
tion of special elements. Chromium in quantity
produces actual shrinkage after repeated heatings
and coolings.

These conclusions have been arrived at, as pre-
viously mentioned, as the result of various
investigations to which the author has contri-

Tabte |.—Analysis and Strengths.

Mark. 0. P. Pt. 1. Pt. 2

Per Per Per Per
cent. eent. cent. cent.

Graphitic carbon 2.75 248 233 244

Combined carbon 0.45 0.68 0.87 0.91

Total carbon 3.20 3.16 3.20 3.35

Silicon 2.19 1.48 1.05 0.65

Sulphur 0.064 0.054 0.123 0.117
Phosphorus 1.01 0.704 0.34 0.17

Manganese 0.79 0.97 0.57 0.85

Tensile strength \

Tons per sq. in. i 11.2 16.6  15.0 18.3
Transverse strength \
Lbs. per sq. in. g ;2912 3472 3394 3,017
buted. In the discussion on his Paper on “ Low-
Temperature Heat-Treatment of Special Cast
Irons,” read at the Glasgow Conference of the
Institute in 1925, it was suggested that a series
of heat-treatment tests should be carried out on
cast iron cast by the Perlit process. It was also
suggested in a Paper by J. E. Hurst that the
experiments on carbide decomposition had been
carried out at 450 deg. C. and 550 deg. C., and
that the minimum temperature at which this
decomposition takes place had not been deter-
mined. As those two points are of considerable
industrial importance, it was decided to carry
out further experiments along these lines.
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Materials Used.

The composition of the irons selected for these
experiments, together with their tensile strengths,
are given in Table I. “ 0 ™ is an ordinary iron
used for general engineering work. The tests
were carried out on test bars which were cast
on a casting. “ P ” is a cylinder iron of a com-
position which has given good results in service
and was cast in dry-sand moulds in the form of
test bars 14 in. by 1J in. diameter. “ Pt. 1”7 is
an iron cast by the Perlit process in the form of
test bars cast on a casting, while “ Pt. 2" is also
cast by the Perlit process, but the test bars in
this case were cast separately in bars 14 in. by

li in. diameter.
Table Il.—Heat Treatment at 450 deg. C.
Dura- Ten- .

Oast  tionof Total COM-  gjlg  Brinell
iron.  heating carbon. PiNed  gyengin hard-
in hours. carbon. “tons. ness.

' 0 3.16  0.68 16.6 223

40 3.17 0.64 16.2 212

80 3.17 0.48 15.7 197

120 3.19 0.43 15.3 183

160 3.13 0.38 154 183

L 200 3.15 0.38 155 179

0 3.35 0.91 18.3 217

40 3.33 0.88 18.0 212

80 3.33 0.84 17.7 207

120 3.32 0.80 17.3 201

160 3.32 0.80 17.3 197

200 3.32 0.80 17.5 201

Heat Treatment Tests.

Heat-treatment tests were subdivided into two
groups, one dealing with carbide decomposition,
strength and hardness, and the other with car-
bide decomposition alone, and the minimum tem-
perature required to produce it.

The first group of tests was carried out in two
series. In the first series five bars of “ P ” and
“Pt 2” were heated in separate electric resist-
ance furnaces to a temperature of 450 deg. C. for
8 hours, cooled overnight, then reheated again to

s2
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the same temperature the following day. After
each 40 hours’ heating a bar was removed from
each furnace and its combined carbon content,
tensile strength, and Brinell hardness determined.
A similar procedure was adopted in the second
series ,of tests, only the bars were heated to
550 deg. C. The results obtained are given in
Tables Il and III.

In the second group of tests, bars from each of
the four irons were heat-treated in a similar
manner at six temperatures, varying from
200 deg. C. to 550 deg. C. After each 40 hours’

Tabte |11.—Heat Treatment at 550 deg. G.
Dura- Ten- .
Cast  tion of  Total E_omd— sile ?}“”g”
iron.  heating carbon. PIN€d  strength  Nard-
in hours. carbo tons. ness.
' 9 3.16  0.68 16.6 223
40 3.13 0.12 15.8 138
P« 80 3.16 0.11 15.1 129
120 3.15 0.09 14.8 129
160 3.15 0.12 14.6 125
| 200 3.14 0.12 14.8 129
- 0 3.35 '0.91 18.3 217
40 3.33 0.77 18.0 201
Pt. 2 80 3.32 0.72 175 197
) 120 3.31 0.70 17.0 192
160 3.34 0.72 17.2 192
200 3.34 0.72 17.0 --192

heating, a piece from each of the bars was
removed and its composition as regards combined
carbon determined. The results obtained are
given in Table IV.

Consideration of these tables shows that carbide
decomposition takes place in all the irons but
varies considerably, according to the temperature
of treatment and iron tested. At 200 deg. C.
the amount of decomposition after a period of
200 hours’ treatment is in each case so slight
as to be almost negligible. As the temperature,
however, increases decomposition is more pro-
nounced and varies for each iron. The amount
of decomposition for the various temperatures is
represented graphically for each iron in Figs. 1
and 2.
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With the ordinary iron there is a steady
increase in the rate of decomposition as the tem-
perature rises, being pronounced at 350 deg C
and almost total at 550 deg. C. The cylinder
iron shows marked decomposition at 450 deg. C.
and at 550 deg. C. 82 peT cent, of the carbide
is decomposed. In the two Perlit irons decom-

Tabte IV. Heat Treatments at Various Temperatures.

Duration Temperature of Heating °C,
i?Oa:t of heating P ‘
: inhours. 200 250 300 350 450 550

0 045 045 045 045 0.45 045

40 044 044 043 040 0.33 0.08

0 80 044 042 040 032 027 0.04
120 045 043 037 024 014 Trace
160 044 041 0.35 022 0.1 Trace
200 044 041 035 023 0.10 Trace

. 0 0.68 0.68 0.68 0.68 0.68 0.68

40 0.68 0.66 0.65 0.65 0.64 0.12

p 80 067 064 0.64 061 048 0.1
120 0.68 0.65 0.63 056 0.43 0.09

160 0.68 0.64 061 051 0.38 0.12

200 067 064 061 050 038 0.12

0 087 087 087 087 087 087
40 087 086 086 083 083 0.68
pt.14 80 086 085 084 078 078 0.65
120 0.87 0.86 0.83 078 0.74 0.66
160 087 085 083 079 075 065
200 087 085 0.82 078 0.75 0.66

0 091 091 091 091 091 091

40 0.89 0.87 0.86 0.85 0.88 0.77

Pt 2 80 0.90 087 0.85 086 084 0.72
120 0.90 088 0.85 0.84 0.80 0.70

160 0.89 0.88 0.85 0.83 0.80 0.72

200 0.90 0.87 0.85 0.84 0.80 0.72

position is less marked, the “ Pt 2,” which has
the lower silicon content, showing only 20 per
cent, carbide decomposition at 550 deg., as
against 25 per cent, in the “ Pt 1.”

In all the irons decomposition takes place