Mr. Wesley Lambert, A.K.C.
Fresident 1929-30.

Mr. Wesley Lambert is Manager of the Metal-
lurgical Department of J. Stone & Company, Limited,
Deptford and Charlton. He received his training at
the Roan School, Greenwich, and King’s College,
London, securing the Associate’s Diploma and various
awards, including a Science Scholarship, the Jelf
Medal and the Cunningham Prize. He became
Assistant Metallurgist at the Royal Gun Factory,
Woolwich, and later took an appointment as Metal-
lurgist and Lecturer on Engineering Chemistry under
the Imperial Ottoman Government. During his ser-
vices with the Ottoman Government the Sultan con-
ferred upon him the Order of the Medjidieh.

Mr. W'esley Lambert later became Chief Metallurgist
at the Royal Gun Factories, Woolwich, and was invited
to join the staff of the Sir John Cass Technical
Institute as a special lecturer. He is a Fellow of the
Chemical Society, and has contributed “ Papers” to
a number of societies to which he belongs, including
the Institution of Civil Engineers, the Institution of
Naval Architects, Institute of Marine Engineers,
Institute of Metals, etc. He is a member of several
Panels and Committees of the British Engineering
Standards Association, and is a Member of Council
of the British Cast Iron Research Association.
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AWARDS 1928—29.

THE OLIVER STUBBS” GOLD MEDAL

1929 Award to WESLEY LAMBERT, AK.C,
“in recognition of his long and valued services to the
Institute of British Foundrymen and for his valuable

contributions to non-ferrous foundry practice.”

DIPLOMAS OP THE INSTITUTE
were awarded as follows :(—

Mr D. H. WOOD, for his Paper on “ History of Iron-
founding in the Midlands,” given before the Birming-
ham Branch.

Mr B HIRD, for his Paper on “ Coal Dust: Its Use
and Abuse in the Foundry,” given before the East
Midlands and Newcastle Branches.

Mr E. LONG DEN, for his Paper on "Some Interesting
Moulding Jobs,” given before the Newcastle Branch.

Mr W McCULLOCH, for his Paper on " Monel Metal
and other Special Non-Ferrous Castings,” given before
the Scottish Branch.
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The Institute of
British Foundrymen

TWENTY-SIXTH ANNUAL CON-
FERENCE and INTERNATIONAL

FOUNDRYMEN’S CONGRESS,
LONDON.

JUNE 10,11,12,13 and 14, 1929.

The Twenty-sixth Annual Conference was held
in London from June 10 to June 14. This Con-
ference also formed the third of the series of
Triennial International Foundrymen’s Con-
gresses. Nearly 600 ladies and delegates were
present, including about 180 members and ladies
from Overseas Foundry Associations, repre-
senting 14 countries.

The opening meeting was held in the Grand
Council Chamber of the Guildhall of the City
of London, by permission of the Lord Mayor
and Council, and the other meetings were held
at the Institution of Mechanical Engineers,
W estminster, by permission of the President and
Council of the Institution.

The International Foundry Exhibition, orga-
nised by Messrs. F. W. Bridges & Sons, Limited,
and the Foundry Trades’ Equipment and Sup-
plies Association, was held at the Royal Agri-
cultural Hall from June 5 to 15, and this proved
an additional attraction to the delegates.

Previous to the opening of the Congress, about
60 members of Overseas Foundry Associations,
and their ladies, accompanied by the President-
elect, Mr. Wesley Lambert, and Mrs. Lambert,

B
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took part in a tour of the principal industrial
centres of Great Britain, and were entertained
by various Branches of the Institute.

MONDAY, JUNE 10.

Annual General Meeting.

The annual general meeting of the Institute
of British Foundrvmen was held at the Institu-
tion of Mechanical Engineers, London, on Mon-
day, June 10, Mr. S. H. Russell—the retiring
President—being in the chair during the early
portion of the proceedings.

On the motion of the President, the minutes
of the previous annual general meeting, held in
Leicester on June 12, 1928, were taken as read’
and confirmed.

The Report of the General Council for the
year June, 1928, to June, 1929, was then
formally presented, having previously been cir-
culated, and, on the motion of the President,
seconded by Mr. Y. C. Faulkner, was adopted
unanimously without discussion.

General Council’s Report.

The General Council has pleasure in present-
ing their Report for the year 1928-29. The year
has been one of steady progress, we are able to
record an increase in the number of members,
and an improvement in the financial position,
whilst a step forward has been made in con-
nection with the scheme for a national certificate
in foundry practice, for the benefit of students
attending either day or evening classes in these
subjects.

It is within the knowledge of many members
that from time to time the Institute has been
seriously concerned by the need for a higher
quality of recruit, and for better facilities for
training them; but so far with but little result.
It is hoped that better progress will now be
made towards a solution of this very difficult
problem. A sub-committee is considering the
most desirable method of establishing an autho-
ritative examining body, but much work has yet
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to be done before a definite scheme can be
expounded.

The Board of Education 'Committee on
“ Training for the Engineering Industry ” has
applied to your Council for their views on
“ Foundry Apprenticeship and Training.” The
Literary, Awards and Education Committee has
drafted and submitted a carefully-prepared reply
to this reggest.

The duties allocated to the Literary, Awards
and Education Committee become more numerous
every year and it will soon be necessary to con-
sider whether this Committee should not meet
more frequently, so that greater progress can be
made.

Much of the time of the Council has been spent
in considering the arrangements for the Inter-
national Congress to be held in London, and the
entertainment of the Overseas Visitors during
their visits to the various industrial centres of
Great Britain.

Membership.

The number of members of all grades on
April 30, 1929, was made up as shown on page 4.

It is with great regret that the Council
announce the death of 10 members. Eight sub-
scribing firms, 55 members, 70 associate mem-
bers, and 30 associates have been elected to
membership during the year, making a total
of 163. Owing to various causes 116 names have
been erased, giving a net increase of 47.

It is realised that there are rirany persons in
the foundry industry who are eligible for mem-
bership and to whom membership would be of
considerable value, but who are not yet associated
with the Institute. The Council would appeal
to all members to get in touch with such gentle-
men of their acquaintance, and point out to them
the advantages of Membership.

Junior Sections.

The Institute’s own educational work has been
continued through the activities of the five
Junior Sections, all of which have completed
successful sessions.

b2
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Oliver Stubbs Medal.

The seventh award was made in June last to
Mr. J. W. Donaldson, B.Sc., F.l.C., of Greenock,
for Papers presented to the Institute embodying
his researches into cast iron. Shortly after the
award of the medal, the University of Edin-
burgh conferred upon Mr. Donaldson the degree
of Doctor of Science, and the Council wish to
congratulate him upon this distinction.

Buchanan Medal.

The work of the Junior Sections has been
stimulated by the establishment of the Buchanan
Medals. These have been established by anony-
mous donors, who have invested a sum of money
in the name of the Institute, the interest from
which is to be applied to the purchase of a silver
medal each year for each Junior Section, the
medal to be awarded as the result of an essay
giving a resume of the session’s work of the
Junior Section with which the candidate is
associated. The donors have also presented to
the Institute the dies from which the medals
are struck. The Council wish to tender their
sincere thanks for these valuable gifts.

Diplomas.

Five diplomas were awarded in June last for
Papers given before the branches during the
previous Session. The recipients and the respec-
tive branches before which the Papers were given
are as follows: —

A. J. Beck East Midlands Branch.
A. Hudson Scottish Branch.

W. H. Poole .. Newcastle Branch.

N. D. Ridsdale... Middlesbrough Branch.
P. A. Russell, B.Sc. East Midlands Branch.

General Council.

Four General Council meetings and a number
of sub-committee meetings have been held at
Leicester, Weston-super-Mare, Birmingham and
York; several sub-committee meetings have also
been held in London and Manchester. At the
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General Council meetings there has been an
average attendance of 33.

The following members of the General Council
retire at the General Meeting on June 10. All
retiring members offer themselves for re-elec-
tionM essrs. W. T. Evans, A. Firth, J. Haigh,
A. Harley and H. W interton.

Test Bar Committee.

This Committee has met four times during the
year, and has devoted considerable attention
to practical investigation of the Fremont Shear
Test. It was felt desirable to examine this test
fully, as it has repeatedly been put forward in
various International exchange Papers. The
report is not yet completed, but two members
of the Committee have published Papers point-
ing out certain difficulties which have been en-
countered in connection with this test. It is
expected that the results published in these
Papers will be considered during the coming
Congress, and your Committee will then be in
a position to carry out further investigations if
necessary.

The convener of the Test Bar Committee, Mr.
John Shaw, desires to place on record his appre-
ciation of the help the members have given
during the twelve years the Committee has been
in existence. It is not generally recognised that
hundreds of tests have been made, the cost of
which under ordinary conditions would consider-
ably exceed £1,000, the work, however, has been
done without any cost whatever to the Institute,
and the thanks of the members of the Institute
are due to the members of the Test Bar Com-
mittee, who have made considerable sacrifices of
time and money.

Annual Conference, 1928.

The Twenty-fifth Annual Conference was held
at the Association Hall, Leicester, in June, 1928,
and was very well attended. Mr. S. H. Russell
was installed as President. The General Council
wish to express their appreciation of the arrange-
ments made by the Convention Committee, and



particularly the chairman, Mr. Sidney A. Gim-
son (Past-President of the Institute), Mr. H. H.
Moore (treasurer), Mr. H. Pemberton (Branch-
President), and Mr. H. Bunting (secretary).
The Council also wish to tender their thanks to
the Lord Mayor of Leicester and to the many
firms in the East Midlands area who entertained
the members and ladies at their works, and to
the subscribers to the Conference Fund.

International Congress.

The next Annual Conference is being held in
London from June 10 to 14, inclusive. This
Conference should be a notable one, as it forms
the third of the series of Triennial International
Foundrvmen’s Congresses, the first of which was
held in Paris in 1923, and the second in Detroit
in 1926. A large number of members and ladies
of American and Continental foundrymen’s asso-
ciations are expected to be present, and, previous
to the Congress, a party of the overseas dele-
gates and ladies will tour Great Britain under
the auspices of the various branches of the
Institute.

International Relations.

Your General Council still maintains very close
relations with overseas foundry technical associa-
tions, as evidenced by the holding of the Inter-
national Conference under the auspices of the
Institute in June. Included in the Papers to be
read at this Conference there will be several
Papers officially presented by various overseas
associations.

Exchange Papers have been presented on
behalf of the Institute by Dr. J. W. Donaldson
at the French Foundry Conference, October,
1928, and by Mr. F. Hudson at the Conference
of the American Foundrymen’s Association,
April, 1929. Mr. T. Henry Turner, M.Sc., is
preparing a Paper, on behalf of the Institute,
for presentation to the next French Foundry
Conference to be held in October next. The
Institute is represented on the International
Committee of Foundry Technical Associations by
Mr. V. C. Faulkner, and your general secretary
continues to act as secretary of this Committee.
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British Cast Iron Research Association.

The work of this Association has progressed
on normal lines during the year. There is a
steady hut slow increase in membership and
income. In June, 1929, under present arrange-
ments with the Department of Scientific and
Industrial Research, the Government grant
hitherto received by the Association will fall to
one-half, and wunder these circumstances the
Association will only be able to continue on its
present scale with the aid of more subscribing
members.

The work done during the year has carried a
number of developments a stage further from the
purely metallurgical side, and several advances
of very great interest have been made. One of
these, dealing with the influence of manganese
in relation to sulphur, will be presented to the
London Congress in the form of a Paper by Dr.
A. L. Norbury. Other developments refer to
relationships between structure and composition,
alloy cast irons, heat-resisting irons and mal-
leable iron. Work on moulding sands has reached
a point at which particulars have been placed
before members, of simple foundry-control tests,
which will enable sand conditions to be related
to troubles experienced, and to enable a mini-
mum of new sand to be employed consistent
with safety. Developments of an important
character with respect to the cupola have also
been made by Mr. J. E. Fletcher, and thus the
Association is in a position to advise members
in respect of moulding practice, melting practice
and mixtures in directions which should result
in economies much greater than the annual sub-
scription.

Accounts.

The statement of accounts and balance sheet
for the year ended December 31, 1928, are set
out on pages 9 to 11.

It will be noted that the income has exceeded
the expenditure by £300 5s. 6d. Your Council
realised some time ago that rigid economy in
working, together with increased membership
and regular collection of subscriptions, was neces-
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sary to put the Institute’s funds on a sound
basis and they are happy to announce that the
Institute’s finances are in a more satisfactory
condition than they have been for some time.
In this connection they wish to acknowledge the
co-operation they have received from the branches,
and particularly the Branch-Secretaries. It is
felt that' if this policy is continued, sufficient
ftinds will be accumulated to extend further the
Institute’s work and usefulness.

Branch Activities.

It is perhaps not generally recognised that
the Institute owes a considerable debt to the
readers of Papers and to the firmswho permit the
various branches to visit their works. In addi-
tion to the Papers presented at the Annual
Conference, no less than 73 Papers have been
given before the various branches, and a large
number of works visits have also been arranged.
In addition, each Junior Section has carried out
a complete programme of Papers and visits.

To the authors of all these Papers and to the
managements of the various works the General
Council wishes to express its very sincere thanks.

S. H. Russert, President.
T. Makemson, General Secretary.

BALANCE SHEET, DECEMBER 31, 1928.
Liabilities.
£ s d £ s d
Subscriptions paid in advance 164 17 0
Sundry Creditors .. .. 389 2 0
The Oliver Stubbs Medal Fund
Balance from last Account 203 10 8

Interest to date .. . 8 4 4
211 15 0
Less Cost of Medal . 910 0
----------------- 202 5 0
The Buchanan Medal Fund 97 16 3

Turner Testimonial Fund

Balance from last Account 72 14 4
Less Cheque Professor

Turner .. . . 7 0 0

214 4

Sundry Receipts .. 11 9 0

14 3 4
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Liabilities.—cCoNntinued.

£ s d £ s d
Surplus at December 31, 1927 950 16 9
Add : Excess of Income
over Expenditure for
tbe year ended December

31, 1928 . 300 5 6
1251 2 3
£2,119 5 10
Assets.
d £ s d
Cask in hands of Secretaries
Lancashire 21 8 9
Birmingham 37 171
Sheffield 147 7 9
London .. 137 18 5
East Midlands 2 7 2
West Riding of Yorkshire 24 3 10
Middlesbrough .. . 11 18 11
402 11 11
Lloyds Bank Ltd. —
General Account . 476 13 2
Deposit Account . 400 0 O
876 13 2
The Oliver Stubbs Medal Fund :—
£342 5s. 7d. Local Loan
£3 per cent. Stock at
Cost .. L ee 200 0O
Balance in hand, Lloyds
Bank Ltd. .. . 250
202 5 0
The Buchanan Medal Fund :—
£125-£3 10s. Conversion
Stock at £78 97 16 3
Turner Testimonial Fund —
Cash at Bank .. . 12 16 5
Cashin hand .. . 16 1
14 3 4
Investments Account
£450 5 per cent. War Loan
at Cost . 130 910
Furniture, Fittings and Fixtures —
Per Last Account . 10518 0
L e s s Depreciation
10 per cent. .. . 1011 8
--------------- 9% 6 4
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INCOME AND EXPENDITURE ACCC

THE YEAR ENDED DECEMBER i | 1928

E xpenditure.

£ s d £ s
Postages 75 16
Printing and Stationery,
including printing  of
Proceedings 525 3
Council, Finance and Annual
Meeting Expenses 62 5
Medals for Past-Presidents 2 6
Branch Expenses :—
Lancashire 111 14 9
Birmingham 56 2 7
Scottish .. 89 13 8
Sheffield 54 11 10
London .. 3% 3 3
East Midlands . 3% 13 7
Newcastle 84 18 0
West Riding of Yorkshire 33 3 0
Wales and Monmouth 3210 1
Middlesbrough .. 25 6 6
559 17
Audit Fee and Accountancy Charges 12 12
Incidental Expenses 73 14
Salaries—Secretary and Clerk 468 0
Rent and Rates of Office less Received .. 77 10
Income Tax 6 16
Subscription to International Committee
of Foundry Technical Associations «50
John Surtees Memorial Examinations
Grants to Branches 22 18
Depreciation of Furniture 10 11
,902 11
Excess Income over Expenditure 300 5
£2,202 16
Income. £ S.
Subscriptions Received 2,132 9
Sale of Proceedings, etc. 9 1
Interest on War Loan and Cash on Deposit 39 7
John Surtees Medal Fund, Surplus 21 18
£2,202 16

We have prepared and audited the above Balance
Sheet with the Books and Vouchers of the Institute and

certify same to be in accordance therewith.
J. &A. W. Sully & Company,

Chartered Accountants,

19 & 21, Queen Victoria Street, Auditors.

London, E.C.4. May 13, 1929.
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Accounts.

The President, in presenting the accounts
for the past year, expressed satisfaction that
there was a balance of over £300 on the right
side, the largest amount that had ever been
shown as a credit balance in one year. The
assets of the Institute, he pointed out, were
represented by £450 in 5 per cent. War Loan,
which had cost £430 9s. 10d.

The motion by the President for the adoption
of the accounts was seconded.

Mr. sutcrirre asked why a London firm of
accountants was employed to audit the accounts
when the general offices of the Institute were in
Manchester, He also pointed out that two of
the Branches were holding sums of £175 and
£137 respectively, and asked what it was pro-
posed to do with regard to this.

The President, replying to the first point,
said he did not think there could be any serious
objection to the employment of a London firm
of auditors. The registered offices of the Insti-
tute were in London, although the general offices
were in Manchester, and the firm in question
was almost of worldwide repute. With regard
to the amounts held by two Branches, as pointed
out, the General Council had had that fact in
mind, but it was not felt that the Council was
in a position to ask for that money to be re-
funded. They were exerting such influence as
they could to induce the Branches in question
to use some of that money instead of asking
for new grants, and the point raised by Mr.
Sutcliffe would be borne in mind. He was in-
formed by the secretary that the sums held by
the Branches mentioned represented subscrip-
tions.

M r. Cook pointed out that the auditors had
to be re-elected at the annual meeting, and

\ therefore it was open to anybody to make a new

nomination if they desired to do so.

The accounts were then unanimously adopted.
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Alterations to By-Laws.

The President then dealt with some altera-
tions to the by-laws.

The first resolution, he said, dealt with the
election of the Council, the object being to have
a postal ballot instead of electing the Council
by voting at the annual general meeting, at
which it was not always possible for some of
those who took a keen interest in the affairs of
the Institute to attend. As Mr. Cook had been
responsible for the first resolution, he asked him
to speak to it.

Mb. F. J. Cook said it had occurred to him
that to elect the Council by postal ballot instead
of by attendance of members at the annual
meeting would be more satisfactory, because it
gave everybody an opportunity to vote for their
rulers in the Institute, which in this democratic
country was what we desired.

The motion that the election of the Council
in future should be by postal ballot was
seconded and carried unanimously, it being ex-
plained by the President that the election on
the present occasion would be by voting at the
meeting.

The President said the second resolution,
dealing with the by-laws, related to the applica-
tion form for membership, and as it was neces-
sary to get the permission of the Privy Council
to the previous alteration, it was felt desirable
to ask, at the same time, for any other altera-
tion, thus reducing expense and trouble. The
proposal was that, in the form for application
for membership, the declaration that those pro-
posing the applicant believed, to the best of
their knowledge, that he was not of enemy or
alien birth or interests, should be deleted. The
Institute no longer wished to debar membership
on the ground of nationality, but the other pro-
posal in the resolution as sent out, to delete the
words “ nationality by birth or parentage,” was
due to a misunderstanding, because, although
there was no desire to debar membership on
account of nationality, it was desirable that the
General Council should know the nationality oi
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its members. Therefore, the deletion of these
words would not form part of the resolution as
put to the meeting.

Mb. F. sandebson (Newcastle) said the resolu-
tion came from his district, and, as the President
had pointed out, the second part of the resolu-
tion was due to a misunderstanding. He there-
fore moved the first part relating to the declara-
tion as to the knowledge of those putting
forward an applicant regarding his enemy or
alien birth or interests.

The motion was seconded and carried unani-
mously.

The Oliver Stubbs Medal.

The P resident then announced that the Oliver
Stubbs Medal had been awarded to Mr. Wesley
Lambert, and in connection with the award he
read the following recommendation from the
London Branch:—

“ The General Council will require no de-
tailed list of the innumerable services over a
long period of years that Mr. Wesley Lambert
has rendered to the Institute. There s
scarcely a Branch before which he has not
lectured, and | should think there is scarcely
a Committee on which he has not served.
Particularly as Convener of the Literary Com-
mittee has he contributed materially to the
solid foundations of the Institute. In addi-
tion to having been the London Branch-Pre-
sident, he is now President-designate of the
Institute, and the London Branch Council
feel there could be no more fitting or qualified
recipient this year of the award, and they
sincerely hope the General Council will accept
and endorse the recommendation of the London
Branch.”

Continuing, the President said the General
Council, in making the award, had done so quite
apart from any consideration of the fact that
Mr. Wesley Lambert was being nominated as
President of the Institute. It felt that it was
quite time the non-ferrous section of the indus-
try should be recognised, and they felt there
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was no worthier exponent of that branch than
Mr. Wesley Lambert. The award had been
made entirely on its merits. The actual presen-
tation of the medal would be made the follow-
ing morning.

Me. Wesley Lambert, IN expressing his appre-
ciation of the award, said that such little work
as he had been able to do for the Institute of
British Foundrymen was done because he con-
sidered it one of the foremost, if not the fore-
most, of technical institutions in Great Britain.
Another reason why he appreciated the award
was that it was largely due to Mr. Oliver Stubbs
that he had been induced to take a keen interest
in the Institute, and he would value the award
if only for the reason that it perpetuated the
name of Mr. Oliver Stubbs.

On the motion of the Peesibent it was de-
cided to send a message from the Institute t®
Mr. Oliver Stubbs expressing sympathy with
him in his serious illness and wishing him a
speedy recovery.

Diplomas.

The award of Diplomas was announced as
follows :—

Mr. D. H. Wood, for a Paper read before the
Birmingham Branch entitled “ History of Iron-
founding in the Midlands ” ; Mr. Ben Hird, for
a Paper read before the East Midlands Branch
and also the Newcastle Branch entitled “ Coal
Dust: Its Use and Abuse in the Foundry”;
Mr. E. Longden, for a Paper read before the
Newcastle, Scottish and Middlesbrough Branches
entitled “ Some Interesting Moulding Jobs " ;
and Mr. W. McCulloch, for a Paper read before
the Scottish Branch entitled “ Monel Metal and
other special Non-Ferrous Castings.”

Buchanan Medals.

The announcement was then made of the fol-
lowing awards of Buchanan Silver Medals to
members of Junior Sections for resumes of the
Papers read before the Branches during the
year:—Mr. Norman Blythe (Scottish Junior Sec-



*

tion); Mr. John Hird (Birmingham Junior Sec-
tion) ; and Mr. J. Eric Garside (Lancashire
«Junior Section).

The New President.

The P resident said his next and last duty as
President was to propose the election of Mr.
Wesley Lambert as his successor. They had
already awarded Mr. Lambert the Oliver Stubbs
Medal, and it was difficult .to find words to add
to what had been said. A better choice could
not have been made, because those who had
worked with him for many years realised how
great were his abilities and how great was his
interest in the work of the Institute. He was
one of the foremost men on the non-ferrous side
of the industry, a side that was apt at times
to he a little neglected. Mr. Wesley Lambert
has had a very wide experience, wider and more
varied than fell to the lot of many of them, and
he was always prepared to place not only his
knowledge but also the whole of his information
at the disposal of any member of the Institute.
He had placed himself at the disposal of all the
Branches with regard to giving Papers, and as
Convener of the Literary, Awards and Educa-
tion Committee he had done remarkable work.
When, last year, owing to the duties concerned
with the International Conference, he found it
necessary to resign, the Committee missed his
help and advice very much indeed. He there-
fore moved with the greatest pleasure that Mr.
Wesley Lambert be elected President of the
Lnstitute.

Mr. F. J. cook seconded the proposal, which
was carried with acclamation.

Mr. Wesley Lambert then took the Presi-
dential Chair, the retiring President promising
him every assistance not only personally hut by
all the members of the Council and of the
Institute.

The new President, In expressing his
appreciation of the honour that had been con-
ferred upon him, said he would not have gone
forward as President if he had not been
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satisfied tliat he would have the support of
everybody, as had so kindly been promised by
Mr. Russell. Having worked for many years
on the Council he could assure the general body
of the members of the Institute that the men
they elected to serve them on the General
Council were very keen indeed, and knowing
the keen feeling that existed he was looking
forward to a very successful year of office. In
connection with the International Conference,
he said that the overseas delegates who were
here were a fine body of men and gentlemen in
every respect, and he appealed to the members
of the Institute to make their visit here as
pleasant and enjoyable as possible.

Continuing, the President proposed a hearty
vote of thanks to the retiring President, Mr.
S. H. Russell. The manner in which he had
carried on the work of the Institute, he said,
was seen in the fact that there had not been a
single complaint of the way in which the busi-
ness had been conducted during the past year.
That was very great testimony to the tact and
ability of Mr. Russell.

Mr. V. C. Faulkner said it was peculiarly
fitting that he should be asked to second the
vote of thanks because perhaps he had better
opportunities than most members of the
Institute in knowing the work of the President.
He had been with him at most of the Branches
and knew the amount of work and travelling,
often on Sundays, in going round to the varioug
Branches. He also felt that the vote of thanks
should include Mrs. Russell and Mr. Russell’s
brothers, who had had a great deal of extra work
thrown upon them during Mr. Russell’s term of
office.

The vote of thanks was carried with
enthusiasm.

The President then handed Mr. Russell the
Past-President’s Badge.

Mr. Russer1, acknowledging the vote of
, said he had really enjoyed being Presi-
although it had involved a certain amount
d though interesting work. There were
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two things he wished to refer to. He had hoped
that by the end of his year of office he would
have seen the question of the national certificate
for the apprentices a great deal more advanced
than was actually the case. Everything possible
had been done, but progress was very slow, and
there was a long way to go yet before their
desires in that direction could be achieved.
The other matter was one he had alluded to in
his Presidential Address, viz., that the status
of the Institute would be enhanced by some
form of examination for membership. That
was his personal view, but he was sorry to say
he had come to the conclusion that it was
premature to ask for that at present. Never-
theless he hoped to see it in the near future.
He did not think it necessary to ask for a
written examination; some other form of ex-
amination could be found, and he hoped that
this would be possible in the course of the next
few vyears. Any little success he might have
had in business was undoubtedly due to the fact
that he had always been keen on attending the
Branch and annual meetings of the Institute,
and he felt that in return it was only right
that he should push forward the work of the
Institute in every possible way.

Senior Vice-President.

The P resident then moved the election of Mr.
F. P. Wilson as senior Vice-President for the
coming year.

Mr. J. T. Goodawin, in seconding, said he had
known Mr. Wilson for many years, and as long
as 24 years ago, when the Conference was held
in Middlesbrough, Mr. Wilson took a great part
in organising the arrangements. Mr. Wilson was
one of the progressive foundrymen in Middles-
brough, and had played a great part in the
development of the Middlesbrough Branch.

The motion was carried unanimously.

Mr. wirtson, acknowledging his election, said
that, although he had not long been a member
of the Council, he had been a member of the
Institute for many years in a remote corner of
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the country, which, perhaps, was not much more
than a name to many people. The Middles-
brough Branch, however, felt greatly honoured
that he should have been selected for nomination
as senior Vice-President, and when the Branch
knew he had actually been elected it would be
still more pleased. Looking at the past-Presi-
dents, he realised what a brilliant body of men
they had been, whereas he himself could only
claim to be of the commonplace type and a repre-
sentative of the commonplace people. At the
same time he felt pleased that the commonplace
people should be represented in this manner on
the Council. He felt that he represented the
rank and file of the Institute, among whom he
counted many of his best friends.

Junior Vice-President.

Mr.S. H. Russell then proposed the election,
as junior Vice-President, of Mr. A. Harley,
whom he described as one of the most prominent
foundrymen in the Birmingham district and one
who had done a tremendous amount of work on
different Committees of the Institute.

Mr. Cameron, Who seconded the proposal, re-
ferred to Mr. Harley’s association with the
Daimler Company, and assured him that he
would find the work involved in the office of
junior Vice-President most enjoyable.

The proposal was carried unanimously.

Mr. Harley, in expressing his thanks for his
election, said he also regarded himself as one
of the commonplace people, like Mr. Wilson. He
was a very commonplace man coming from a very
comihonplace family, most of whom had toiled
and sweated in foundries. His father did so for
50 years, and there were two men whom he
wished were present that evening. One was his
father and the other was Mr. Robert Buchanan.
When he joined the Birmingham Branch about
20 years ago Mr. Buchanan was kindness itself
in receiving him, and before that, when he did
not know Mr. Buchanan, one of his Papers had
been a God-send to him when he was struggling
with some of the problems of cupolas. He after-
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wards took the opportunity of telling Mie
Buchanan what a help that Paper had been to
him, and it certainly was an example of the ad-
vantage to others that came from Papers given
by men who had special knowledge on a parti-
cular subject. He himself was in Shropshire at
the time he spoke of, out of contact with foundi)-
men generally, and he had a very vivid remem-
brance of the benefit he received from that i>aPel
by Mr. Buchanan. He had actually intended
to retire from the Council, but when it came to
the point he could not bring himself to sever
the friendships he had made. The members oi
the Council were a very fine body of men, not
only from the foundry point of view but
personally, and he could only hope that he would
be able to carry out the duties of junior vice-
president in a proper manner.

Members of Council.

A ballot was then taken for the election of
five members of Council, for which there were
six candidates, the result being announced at
the opening of the International Conference the
following dav. The candidates elected were Mr.
J. Haigh, Mr. W. T. Evans, Mr. H. Winterton,
Mr. H. H. Wood and Mr. A. Firth.

Honorary Officers,

Mr. F. W. Finch was unanimously re-elected
hon. treasurer.

Messrs. F. J. Cook, R. 0. Patterson and O.
Stubbs were unanimously re-elected trustees for
the Institute.

Auditors.

Messrs. J. and A. W. Sully & Company,
19-21, Queen Victoria Street, London, were
unanimously re-elected auditors.

Vote of Thanks to General Secretary.

On the motion of Mmr. E. Longden, seconded
by Mr. Wood, a cordial vote of thanks was
passed to the General Secretary, Mr. T.
Makemson, for his work during the past year.

Mr. Makemson acknowledged the vote of
thanks, and remarked that his work was very



21

much facilitated by the great assistance he
received from everybody. He liked the work
very much, and was able to extract from it
not only a great deal of interest, but at times
some amusement, often from unexpected
quarters. He recognised that everybody was
reasonably sympathetic; they appreciated every-
thing he did and any mistakes that he made—
and he feared he did make mistakes at times—
were regarded very leniently.

Subscribing Firms.

Mu. sutcriffe raised the question of the posi-
tion of subscribing firms, and said he would be
able to induce several firms to join but for the
fact that they had no vote or voice in the
control of the Institute. There were instances
in which prominent members of subscribing firms
would be valuable additions to the Council, but
through the rules concerning such firms they
were ineligible.

A Detegate Suggested that it was not in order
to bring this matter forward now, but that a
communication should be sent to the General
Secretary so that he might bring it before the
Council.

The P resident expressed the view that Mr.
Sutcliffe was in order in raising the point he
had. He understood the complaint was that the
men representing subscribing firms were not
eligible to be officers of the Institute because
they were not' individual members of the
Institute. He asked if Mr. Sutcliffe would take
his assurance that the Council would go into
the matter and discuss the position and try to
put it on a proper footing.

Mr. Sutcliffe expressed his satisfaction with
that assurance.

The President added that the matter would
probably have to be dealt with at a meeting
of the Council. Representatives of subscribing
firms could not take office unless they were indi-
vidual members of the Institute. That was
quite clear, and that was the point that had to
be cleared up. It was impossible for it to be
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dealt with that evening, but he quite realised
that it was a matter that should be considered
and cleared up. The position wanted defining
more clearly than it was at present.

Mr. W. Jolley gave notice of motion that
representatives of subscribing firms be allowed
voting power.

The P resident suggested that that should be
sent to the General Secretary.

Mr. Cook suggested that subscribing firms
should nominate their representatives at the
time of subscribing.

Mr. J'. Longben Said he had intended to raise
this matter on behalf of the Scottish Branch
because in canvassing recently for subscribing
firms he had been told that the firm would not
subscribe because it had no voting power,
whereas if it paid the subscription of its
foundry manager he would have a vote.

The matter was left for the Council to
consider and decide upon a course of action.

The meeting then closed.

TUESDAY, JUNE 11
The Guildhall Ceremony.

The Congress opened on Tuesday morning,
.Tune 11, in the Grand Council Chamber of the
Guildhall of the City of London, when the
members and delegates were welcomed by the
Right Hon. the Lord Mayor (Sir Kynaston
Studd, O.B.E.).

The Lord Mayor entered the Council Chamber
and was preceded by the sword and mace bearers,
who placed their emblems of authority upon the
table as the Lord Mayor took his seat.

The P resident (Mr. Wesley Lambert, A.K.C.,
F.C.S.), said:—My Lord Mayor, ladies and
gentlemen: As President of the Institute of
British Foundrymen | have the honour to open
the proceedings of the Third Triennial Congress
of Foundrymen, and to ask the Right Honourable
the Lord Mayor to address to us a welcome.

The Lord Mayor:— Mr. President, ladies and
gentlemen : It gives me much pleasure to meet
you here to-day and to offer you a cordial
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welcome to the City of London in this historic
Chamber. This, | wunderstand, is the third
occasion on which the foundrymen of the world
have been brought together to study the scientific
problems hearing on their complex industry,
which is the basis of every manufacturing
activity.

The first was held in Paris in 1923, and the
second in Detroit in 1926; whilst at the present
time Britain has the honour of staging what
we hope and expect will gather together under
one roof the leaders of thought in your industry
from all parts of the world. Concurrently with
the Congress there is being held an exhibition
of foundry plant at the Agricultural Hall. |
would specially draw your attention to the fact
that the Government Departments, the great
national research laboratories and the modern
Universities have combined to stage an im-
portant exhibit showing the application of
research to the foundry industry.

Before this Congress the American delegation
has participated in a pre-Convention tour,
during which the members have had the oppor-
tunity of visiting our great industrial centres
and some of the recognised beauty spots of Great
Britain. It will have been demonstrated during
that tour how British conditions vary from
American and Continental, as industries in this
country have to cater for complex requirements
coming from all quarters of the world, rather
than the meeting of a standardised demand
emanating from the world’s largest domestic
market. It is hoped that this Congress will be
a profitable and pleasurable one to all overseas
delegates and guests.

| end, as | began, by expressing the great
pleasure that it gives me to meet you here, and
to wish you every success in your undertaking.

Vote of Thanks to the Lord Mayor.

The P resident : 1 rise with very great pleasure
to propose a very hearty vote of thanks to the
Lord Mayor for his address of welcome. It is
indeed an honour of which | am sure we are all
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conscious to have with us this morning the Lord
Mayor of this great city. (Hear, hear.) The
foundry industry in London, perhaps, has not
the call upon the good offices of the Lord Mayor
as has the foundry industry in some of the
provincial cities upon the good offices of the
chief citizens of those pities. Nevertheless, we
regard the presence of the Lord Mayor of
London as a very great honour, and | formally
move a hearty vote of thanks to him.

Mr. S. H" Russett (immediate Past-Presi-
dent) : On behalf of the members of the Institute
of British Foundrymen and the delegates from
overseas, | have pleasure in seconding this vote
of thanks to you, my Lord Mayor, firstly for
having opened this international Congress, and
secondly for having placed at our disposal this
beautiful and historic building. It is to us
Britons a great honour to be able to welcome our
foreign friends and visitors to this beautiful
building, and we are much indebted to the Lord
Mayor and the Corporation of London for the
facilities they have placed at our disposal. We
represent what might be called the basic side of
a basic industry; we supply the raw materials
for the engineering industry, and without our
work that industry could not exist. We are
very proud of the craft, and the craftsmanship
which is still displayed in our trade, and we
very much appreciate the honour you have done
us in opening our proceedings.

The vote of thanks was accorded with acclama-
tion.

The Lord Mayor, responding, said: 1 have
welcomed you, and you have thanked me for
having done what | have been delighted to do,
so that we are mutually pleased with one
another. | take this opportunity again to say
that | wish you every success in your work.

Presentation of Gold Medal to Professor T. Turner.
The Lord Mayor: 1 am asked to present a
medal to Professor Thomas Turner, who for
many years was Professor of Metallui-gy in the
University of Birmingham. On his retirement,
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two years ago, a presentation was made to him
on behalf of the Institute of British Foundry-
men and the British Cast Iron Research
Association. This gold medal | am presenting
to him as a permanent souvenir of the presenta-
tion, and | feel honoured in presenting it to
him.

The medal was presented amid prolonged
applause.

Professor T. Turner . | desire to thank you,
My Lord Mayor, for your kindness in present-
ing this medal, and to express my gratitude
to all my old friends in the foundry industry
who have in this way signified their approval
of work that | have been able to do. It does
not fall to the lot of many people to look back
over 45 years or so, and, after a useful and
happy life, to find that their work has been so
recognised, and | thank you for that recognition.

May | also take this opportunity of thanking
my American friends for their goodness in pre-
senting to me, through my son, at Detroit nearly
three years ago their Siemens Medal, and for
having provided me with a replica, which |
received during the last few days, and which |
can keep upon my desk. | have many friends
in the foundry industry in America. Many of
you will remember Mr. W. J. Keep, with whom
I had the very closest association, and who was
so eminent in your country in connection with
researches in cast iron. It is a great pleasure
to meet the American delegates here to-day; |
am proud that for more than 25 years | have
been an honorary member, and for many years
the only foreign member, of their great
Institution.

Presentation of the Oliver Stubbs Medal to the

President.
The Lord Mayor: I have now to make
another presentation, which | am sure will give
you all much pleasure. The Oliver Stubbs

Medal is awarded annually to the member of the
Institute  who has contributed the most
meritorious services during the year, and for
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the year 1928-29 it is awarded to your President,
Mr. Wesley Lambert. As you know, he is a
distinguished specialist in non-ferrous metal-
lurgy, and by his work in the Institute he has
contributed materially to the advancement of
non-ferrous foundry practice. I have much
pleasure in presenting this medal to you, Mr.
President; may you live long to derive pleasure
from it.

The medal was presented amid applause.

The P resident: | should like to thank the
Lord Mayor for having presented this medal to
me. At the annual meeting yesterday | knew
of the award, and returned thanks on that
occasion; | can enly renew those thanks now,
and again express my thanks to the Lord Mayor
for having so kindly and so graciously presented
the medal to me.

(At this stage the Lord Mayor withdrew, and
on reaching the doorway of the Council
Chamber he turned to give the gathering a
parting salute.)

Greetings from Overseas Delegates.

The accredited delegates from other countries
then addressed the Congress, and conveyed the
greetings of foundrymen in their respective
countries.

The United States and Canada.

Mb. S. T. Jonnston (President, American
Foundrymen’s Association) said that the dele-
gates from the United States of America and
from Canada were happy to be present at the
Congress, and were also very pleased to see
their good friend, Mr. Wesley Lambert, installed
as President of the Institute of British
Foundrymen. He had been  wonderfully
gracious, kind and helpful to them during the
last two weeks, whioli they had spent in this
country, and they would never forget that. Mr.
Johnston conveyed the (greetings of the
American Foundrymen’s Association, on whose
behalf he wished success to the Congress and
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hoped that it would have a lasting impression
upon the foundry industry.

Germany.

Dr. Siegfried G. Werner (President, German
Foundry Owners’ Association) conveyed the
greetings of German foundrymen, and their
earnest hope that the Congress and exhibition
would be very successful and of great interna-
tional value. He felt sure that those who
attended would leave London with the feeling
that they had attended one of the biggest and
finest conventions ever held.

France.

M. E. V. Ronceray (Vice-President, French
Foundry Association) said that the French dele-
gation visited London on this occasion with very
great pleasure, just as they had received with
very great pleasure the foundrymen from many
countries on the occasion of the first interna-
tional exhibition and congress, which was held
in Paris in 1922 He wished the present
Congress and exhibition every success, as it
deserved, and success to the foundry industry.

Belgium.

M.  Marcel Remy (President, Belgian
Foundry Association), who addressed the gather-
ing in the French language, expressed the
pleasure of the Belgian delegation in being able
to attend the Congress and exhibition, and
conveyed their greetings.

Italy.

Signor Carlo Vanzetti (Italy) evoked
laughter when he apologised for being unable to
speak English as well as he would like to, then
offered to speak in either French or Italian, and
finally decided to use the French language. He
expressed the friendly sentiments of Italian
foundrymen, and the pleasure it afforded them
to attend, and wished the Congress and exhibi-
tion, and the industry, the greatest success.
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Holland.

Mr. Stoffer, on behalf of the Dutch Foundiy
Association, to which he referred as being the
smallest association represented at the Congress,
expressed gratitude for the reception accorded
the delegates. The foundry industry in
Holland, he said, was “ not so bad,” but was
small in comparison with the industry in Great
Britain. The delegates from Holland would no
doubt learn a good.deal as the result of their
visit, and he expressed thanks in advance for
the information and help they would receive.

Poland.

M. Buzek was the leader of the Polish delega-
tion, and on his behalf M. A. Pokilewski-
K oziett (Commercial and Financial Counsellor
to the Polish Legation) returned thanks. It
was a great privilege, he said, to tender to the
Congress the best wishes of the Polish Iron
Founders’ Association and the Polish metal
industries. This was the first occasion on which
the Polish foundrymen had had the privilege of
participating in this great work, and they
appreciated the value of being able to come to
this country, whose work was held in such esteem
all over the world, and had taught so much that
was useful. They had come to learn and to
endeavour with the greatest goodwill to create
that feeling of co-operation and mutual under-
standing which was indispensable to the success
of this great work. They wished the Congress
every success.

Spain.

Senor Mas Baga, of the Spanish delegates,
speaking in French, also expressed thanks and
good wishes.

Luxemburg.

M. Brassetjr, On behalf of the delegates from
Luxemburg, expressed their thanks for the
welcome extended to them, and wished the
Congress success.
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Czecho-Slovakia.

M. Bacher, speaking in his native tongue,
returned thanks on behalf of the Czecho-
slovakian delegation.

Denmark.

M. Hess (Denmark) said he did not attend
as a delegate of the Danish foundry industry—
which he regretted was very small—but was
present as a foundrvman and business man
on his own behalf. Nevertheless, he was
indebted for the opportunity of saying that the
Danish foundry industry was grateful to Eng-
land, from which country it had learned much.
He hoped the Congress and exhibition would
result in the forging of still another link be-
tween the two countries, and that Denmark
would receive help in the future from England
as it had in the past. The English standard
had always been the standard at which the
Danish foundrymen had aimed.

PRESIDENTIAL ADDRESS.

Mr. S. H. Russert (Past-President) called
upon Mr. Lambert to deliver his Presidential
Address. Incidentally, in a reference to the
award of the Oliver Stubbs Medal for 1928-29 to
Mr. Lambert, he said he had been asked by the
Awards Committee of the Institute to state that
they considered the selection of Mr. Lambert
as the recipient to be a very happy one, in that
this was the first time the medal had been
awarded to a representative of the non-ferrous
section of the industry. Also he emphasised
that the Awards Committee were not in any way
influenced by the fact that Mr. Lambert was
shortly to undertake the duties of President,
and that the award was made entirely on merits.

The President then delivered his address:—

Mr. Russell, Ladies and Gentlemen: Recog-
nising as 1 do that this is a red-letter day in
the history of the foundry industry as a whole,
and even more particularly so in the compara-



30

tively short history of the Institute of British
Foundrymen, the prospect of having to frame a
Presidential Address for this occasion was some-
what over-aweing. Not only is this occasion
memorable as being the most important Tntei-
national Foundry Congress ever held in Great
Britain, but there is also the fact that the Con-
gress is being held in the Capital City of the
British Empire, and one is conscious, therefore,
that a Presidential Address of a high standard
is expected—a standard which, with such very
limited literary ability as | possess, cannot
possibly be attained by me. | must, therefore,
ask your kind indulgence in listening to the few
notes which | have woven together as a Presi-
dential Address.

The progress in the foundry industry during
the last two or three decades is of such an out-
standing character that to attempt to condense
a description of even but a few of its principal
features into the compass generally associated
with a Presidential Address is to attempt the
almost impossible. Full justice to a description
of the wonderful progress apparent to the
student of the foundry industry could scarcely
be written up adequately even in tomes of en-
cyclopaedic bulk.

First and foremost place in this great pro-
gressive march is given, perhaps rightly, to the
work of building design and construction, cover-
ing the buildings which comprise the modern
foundry ; readily accessible, substantially built,
spacious, centrally heated, well-lighted and venti-
lated shops with approved sanitary offices, the
buildings including, in many instances, both
chemical and mechanical-testing laboratories.

Gradually disappearing are many of the old-
time, ill-placed, low-pitched, tumble-down, leaky,
dust-begrimed, dark, ill-ventilated, insanitary
sheds which in the past did duty as foundries.

The Cinderella of the engineering industry has
indeed been translated from the noisome
kitchen to the spacious hall.
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Importance of Transport.

Similar progress is to be seen 0l all sides in
the various departments of the foundry in rela-
tion both to the planning of the lay-out and the
nature of the plant established therein, and to
the accessibility to the stock and transport yards.
Quick-moving lifting machinery, including the
most modern types of electrically-driven overhead
travelling cranes, hoists, elevators, transporters
and conveyors, operate in such manner as almost
to rival the wizardry of the magician. Well-
built bins of reinforced concrete for sand and
stock purposes, elaborate, but highly efficient,
sand-conditioning machinery, shake-out plat-
forms, well-designed heating and drying-stoves,
portable mould-drying apparatus, core-making
and moulding machines for each class of repeti-
tion work, are all nowadays to be found as part
of the mechanical equipment of the modern
foundry. Of these several components of the
foundry equipment, the progress in lifting and
transporting machinery, sand-conditioning and
reclaiming machinery, and moulding machines,
stands out conspicuously. Much might be said
of both transporting devices and sand-condition-
ing plant, the latter of itself comprising grind-
ing, mixing, screening, magnetting and aerating
machinery. Hydraulic and pneumatically-
operated moulding machines, large and small,
roll-over, turn-over, jolt, jarr and squeeze, are
now available to meet almost every requirement
of repetition moulding. The introducing of
machines whereby sand in ample volume is
mechanically projected with the requisite speed
and force not only to fill a moulding-box hut
also to consolidate the contents in the fashion
of a mould—as exemplified by the various types
of sand-slinger moulding machines found to-day
in many foundries—is as truly indicative of the
revolutionary progress in foundry equipment as
are the well-known systems of producing castings
from permanent moulds, which systems may be
regarded as the present day high-water mark
in foundry production in certain specialised
foundries.
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Revolutionising the Cleaning of Castings.

Nor have the fettling and cleaning shops been
overlooked. Sand and shot-blasting plant, de-
signed not'only to be highly efficient, but having
the welfare of the operator as a first considera-
tion, power-driven saws of the circular band
and hack variety, sprue-cutting machines, flame-
cutting apparatus, surface disc-grinding
machines, tumbling-boxes, pneumatic anti-shock
chipping hammers, emery and other wheels with
hygienic dust-exhausting contrivances, and pick-
ling baths, all are to be found in this section ot
the modern foundry.

Turning to the melting side, one finds, maybe,
almost cheek by jowl with a modernised form -
complete with charger, spark arrester and re-
ceiver—of that old and revered servant, the
cupola, both converters and big-capacity gas or
oil-fired open-hearth, reverberatory furnaces,
constructed in conformity with the latest and
best determined principles of furnace construc-
tion; these giant furnaces giving the impression
that they are parents safeguarding the battery
of gas or oil-fired tilting furnaces which do duty
in supplying smaller melts of metal. The elec-
tric-melting furnace is no longer a novelty, but
has already effected its introduction into the
general foundry, and with the still further
cheapening of electric power its debut will doubt-
less soon become only a memory. The wizardry
which converted a pumpkin into a fairy coach
for Cinderella is indeed but little removed from
the magic of the foundry equipment engineei of
to-day. . ,

As’regards the progress made in the moulder s
art, it is obvious to anyone who has had the
opportunity of studying this side of the foundry
that only one conclusion can be arrived at,
namely, that the journeyman moulder has lost
nothing of the old-time art, but has indeed so
progressed in that art that he is to-day7 making
high-duty complicated castings, with intricate-
cored parts, which the old-time craftsman would
have considered to be almost outside the bounds
of possibility.
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Metamorphosis of Metal Utilisation.

Of the progress within the last twenty or thirty
years in respect to metals and alloys for foundry
use, first place must undoubtedly be given to the
aluminium casting alloys. The wonderful de-
velopment of the aluminium-casting industry is
so stupendous as to seem almost incredible.
When one is reminded that only as recently as
the year 1889 a cast block of aluminium was
regarded as an object of such novel interest as
to be considered worthy of inclusion as a special
exhibit at the Paris Exposition of that year,
whereas to-day the output of aluminium castings
from a single foundry runs into many hundreds
of tons per annum, one can perhaps pardon the
use of the word “ stupendous ” when speaking
of the rapid development of this branch of the
foundry industry. Who, a few years ago, could
have imagined omnibus wheels, pistons for big
Diesel-engines, crank-cases for giant aeroplane-
engines, huge pressure-vats and such like high-
duty parts being specified as castings of light
aluminium alloys !

In these applications it is safe to affirm that
in the not very far distant future even lighter
alloys, mainly composed of magnesium, will be-
come a serious rival for the engineer’s favours.
Already by the use of these light alloys a saving
in weight of 80 per cent, has been effected in
the construction of certain parts without any
diminution in strength or stability.

Special alloy-steels, high-duty. irons, non-mag-
netic ferrous alloys, high-tenacity cupreous
alloys, acid-resisting irons and bronzes, and high-
temperature resistant metals are only some of
the bright new stars to be found in a brilliant
firmament reflecting the progress on the metal-
lurgical side of the foundry industry. Cast-
irons, with properties heretofore rarely specified,
are being fabricated daily. Alloy steels of such
distinctive character as would have been regarded
a few years ago as day-dream ideals, are to-day.
specified without provoking comment. Malleable
iron castings of super-excellent quality are fab-
ricated on a routine basis. High-duty cast

c
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bronzes of 35 to 45 tons tensile strength are
nowadays represented by single castings weigh-
ing upwards of 30 tons apiece. The chemical and
superheat-plant engineers bear enthusiastic
testimony to the splendid progress which has
been attained in the fabrication of special irons
and non-ferrous alloys to meet their particular
requirements.

Centrifugal castings, permanent mould cast-
ings, large and small—both gravity and pressure
die-cast—are to-day finding a ready market and
are in increasing demand. Use has already been
made of the word “ wizardry,” but, at the risk
of being accused of repetition, this word alone
surely best describes one’s impression of the out-
put of a modern centrifugal pipe-casting plant.

Progress in Refractory Materials.

With regard to refractories, one must be par-
doned for an all too brief reference to the excel-
lence of such material as is now available for
foundry purposes, an excellence resulting largely
from the unstinted, unostentatious research work
instituted by the manufacturers of such material.
The furnace brick of all shapes and sizes, the
graphite pot, the refractory earths, the mould
facings, etc., each and all show their measure
of progressive excellence.

The extended use of oil-sand cores has rendered
possible the mass production of intricately-cored
castings, which at one time would have taxed
the skill of even the most painstaking craftsman.
The extended application of oil-sand cores is
certainly one of the most outstanding applica-
tions contributing to the great progress in the
foundry output.

Scientific Aids.

The laboratory side of the modern foundry in-
dustry must not bo overlooked. The introduction
of specially-constructed apparatus and the em-
ployment of standardised reagents has assisted
the speeding-up of chemical analysis, and has
tended towards more accurate and concordant
results between one laboratory and another.
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Optical instruments for the examination of
metals and foundry commodities are in constant
use, and even the X-rays have been harnessed
for the examination of castings, including those
of considerable thickness of section. Pyrometers
are now employed generally, and their use is
recognised as essential in the non-ferrous
foundry; temperature control must be credited
with much of the improvement in the uniform
quality of the foundry product.

Truly the realities of the modern foundry are
more astounding than the phantoms of the most
imaginative of the old-time foundry workers,
but what is more to the point is that every im-
provement in the foundry buildings and equip-
ment has a tendency to uplift the workers who
are perforce benefited by the improved conditions
under which they are working. In this connec-
tion there are other progressive features, although
non-teehnical,, of which mention should be made,
and which have for their object the welfare of
the employees and the cultivation of that social
well-being and intercourse so desirable between
master and man.

Welfare and Development in the Industry.

Well-lighted, centrally-heated canteens for the
workpeople, at which wholesome food can be ob-
tained at nominal prices and in which an air
of good-fellowship exists, are to be found at-
tached to the more up-to-date factories, and in
some instances spacious reading-rooms, well sup-
plied with technical and other literature, are
available for the use of employees.

First-aid and ambulance stations are to be
found attached to many works, and competent
certified attendants are available to cleanse and
dress minor injuries, to deal with “ gassed ” or
“ shock ” cases, and to render first-aid in the
case of more serious accidents in the workshops.
Sports clubs have also been instituted, many
works possessing their own sports grounds for
cricket, football, tennis, bowls, etc., and in addi-
tion inter-departmental clubs have been formed
for swimming, rowing, cycling, running, country



36

rambles, and other outdoor sports. Indoor sports
for the winter evenings are also catered for,
billiards, skittles, boxing and card-playing being
favourite pastimes. There can be no question
whatever that the technical progress and the
better social conditions prevailing in each section
of industry must tend towards beneficial de-
velopment for the good of the community, and
serve to encourage that delight in the task of
the individual without which no material pro-
gress worthy of the name can be assured.

Who can foresee the immense possibilities of
the future of the foundry industry? When one
is reminded that so comparatively recently as the
reign of Queen Elizabeth only seven or eight
metals were known, of which only four, namely,
iron, copper, tin and zinc, were in use for the
compounding of constructional—as distinct from
ornamental—alloys, whereas to-day, as a result
of intensive scientific research, sixty-one metals
are now available, and that, year by year, one
or more of the previously rarely-used metals is
being harnessed to the service of mankind in
the form of alloys for industrial uses, the im-
mense possibilities of the utilisation in the foun-
di-y of these later-discovered metals affords
subject-matter for very fascinating conjecture.

It may be seen, by the use of a simple
formula, that if a complete series of binary—
two-metal—alloys of all the known metals were
compounded in merely one uniform proportion,
such as 50:50, the number of alloys resulting
would be 1,830; if ternary—three-metal—alloys
were made also in one definite proportion only,
the number of different alloys would total 35,990.
To go but one step farther, if a complete series
of quartenary—four-metal—alloys, in one uni-
form proportion, such as 25 per cent, of each
of the four metals constituting any one alloy,
were attempted, 521,855 separate alloys would
have to be produced before each of the known
metals was thus proportionately employed in its
own group in this series of alloys.

One may inquire: Whence has come the scien-
tific knowledge and the wonderful mechanical
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and technical skill and the increased regard for
the welfare of his fellow-men which have ren-
dered possible the magic of this remarkable pro-
gress during the last two or three decades? One
need not look much farther afield than around
this International gathering of foundry experts
—nproprietors, managers, supervisors, equipment
designers, scientifically-trained metallurgists, and
researchers.

International Co-operation.

Science, art, industry and craftsmanship know
no nationality. It would be invidious, therefore,
to name any nation as deserving of the major
share of the credit of having provided the means
which have made possible the progress which has
been so inadequately outlined in this Address.
There are names in this connection that one
would dearly like to mention; giants of their
calling—names that are on the tongue of every
earnest foundry worker, names of many of those
present on this occasion and of their forebears,
and also of silent men not so well known may bo
owing to the innate modesty of their nature,
names which nevertheless equally deserve to be
placed upon the roll of honour. And what a roll
—British, American, French, German, Belgian,
Russian, Italian, Swedish, Polish, Dutch,
Spanish, Swiss, Portuguese, Czech, Japanese—
all have generously contributed their quota to-
wards improving the condition, the efficiency,
and the output of the foundry industry.

It would ill-behove me were | to neglect such
an occasion as this for expressing on behalf of
the British foundry industry as a whole, and
more intimately oh behalf of the Institute of
British Foundrymen, the indebtedness which the
British foundrymen owe to those nations just
mentioned for the splendid efforts of the foundry
workers, foundry engineers, and research metal-
lurgists belonging to those respective countries—
efforts which have so materially assisted in rais-
ing the status of the foundry industry nearer to
an equality with the civil, mechanical and elec-
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trical engineering industries throughout the
world.

I trust that this Address, presented by a very
humble student of the industry, will at least
have the effect of bringing even closer together
those Institutes and organised bodies represent-
ing the foundry industry of the world, and that
by mutual association and close co-operation,
and the free interchange of knowledge and ideas
—-which interchange forms the primary object of
such an International Congress as is now being
held—still further progress may be attained,
until the industry shall be raised to that high
status that its science and craftsmanship so fully
merits.

To the Members of the Institute of British
Foundrymen, to whom, as President, | can speak
openly, let us see that we keep the flag flying
high. It is up to us, together with our con-
freres of the Foundry Equipment and Supply
Association, to see that we continue to contri-
bute our quota to the continued progress of the
industry we have so much at heart. To those
representatives of the overseas organisations |
offer every good wish in their future endeavours
towards the further progress of this great basic
industry, and trust that they will convey to all
their fellow-members the appreciation of the
Institute of British Foundrymen for the great
efforts of their countrymen which have so mate-
rially contributed towards the progress | have
attempted to review.

A Vote of Thanks to the President.

Mr. F. P. wiison (Senior Vice-President)
proposed a vote of thanks to the President for
the admirable, dignified and interesting address
he had delivered. In it the President had re-
viewed progress in the foundry trade in such a
way as to interest all present, whether they
were ,scientists, practical foundry workers,
suppliers of foundry requisites, or connected in
any way with the industry. He hoped that, if
there were delegates present who were unable to
understand the English language sufficiently
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closely to be able to follow every word, they
would be able to have it translated in order
that they might reap full advantage from it.

Mk. V. C. Faulkner (Past-President), who
seconded, said that this was the third Presi-
dential Address that Mr. Lambert had prepared,
but the one he had delivered was undoubtedly
the best he could produce, and the best the
Institute could produce. It was a great
privilege and honour to be able to second the
expression  of sincere appreciation for his
description of what the modern foundry industry
is and what it would be.

The vote of thanks was carried with
acclamation.

The President responded. Commenting on
Mr. Faulkner’s remarks, he said it was quite
true that he had written two addresses before
writing the one he had delivered. The reason
was that, after careful consideration, he had
come to the conclusion that, inasmuch as this
Congress was of an international character, it
behoved him to write of something that would
interest all present rather than to discuss any
domestic or internal matters which might
concern, perhaps, only the British foundrymen.
It was for that reason he had decided to review
foundry progress as he had seen it during the
last three or four decades.

The Junior Vice-President.

It was announced by the President that Mr.
A. Harley, of Coventry, had been elected Junior
Vice-President of the Institute.

Mr. Hartey expressed his deep appreciation
of his election. He had never appreciated fully
before, he said, how impressive such a Congress
as this could be. When so many delegates from
overseas had responded to the invitation to
address the Congress he had felt that such
Congresses must play a very great part in main-
taining the brotherhood of nations, which was so
much desired.
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Test Bar Committee’s Report.

Mr. John Shaw presented a report of the
work of the Test Bar Committee of the Institute
for the (FaSt year.

(The discussion on the Report was deferred
until a later stage of the proceedings.)

The following Paper was then read and
discussed: —

“ Some Inter-relationships in Grey Iron Metal-
lurgy,” by J. W. Bolton (American Exchange
Paper).

Works Visits.

During the afternoon parties of members and
delegates visited the following works: —

Messrs.  Fraser & Chalmers’ Engineering
Works, Erith; Messrs. Dewrance & Company,
Great Dover Street, S.E.lI; The United Glass
Bottle Manufacturers, Limited, Charlton.

At the conclusion of each visit the thanks of
the Institute was expressed to the various firms
for permission to visit their works and for their
hospitality.

Later in the afternoon a Reception was held
at the City of London Guildhall, by kind invita-
tion of Sir John Dewrance, G.B.E.

Delegates and their ladies were received by
Sir John Dewrance and by the President of the
Institute, Mr. Wesley Lambert, and Mrs.
Lambert.

WEDNESDAY, JUNE 12.

The Conference was resumed at the Institu-
cion of Mechanical Engineers, Storey’s Gate,
W estminster.

Session A was held in the Meeting Hall and
was opened by the President at 9.30 a.m.

Greetings were read from the following:—

The President of the French Foundry Tech-
nical Association; the President of the National
Light Castings Association; Mr. IV. G. Hollin-
worth, ex-General Secretary; Mr. F. W. Finch,
Honorary Treasurer.

It was resolved that these gentlemen be
thanked for their greetings, and that replies be
forwarded.
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The President then vacated the chair, which
was taken by Mr. P. P. Wilson, Senior Vice-
President. The following Papers tvere read and
discussed :—

“ Influence of Graphitisation of Clast Iron,”
by Professor Diepschlag. Presented on behalf
of the German Foundry Associations.

“ The Elimination of Sulphur from the Alloys
of Iron,” by K. Gierdziejewski. Presented on
behalf of the Polish Foundrvmen.

“ The Influence of Chromium in Cast lron,”
by J. W. Donaldson, D.Sc. (Associate Member).

“ The Influence of Manganese in Cast Iron,”
by A. L. Norbury, D.Sc. (Member).

“ The Practical Application of Nickel in Cast
Iron,” by A. B. Everest, B.Sc., Ph.D. (Associate
Member).

Session B (Non-Ferrous).—The Non-ferrous
Session was held in the Council Chamber simul-
taneously with session in the Meeting Hall, and
was presided over by the President. The follow-
ing Papers were read and discussed: —

“ Practical Points from the Metallurgy of Cast
Bronzes,” by H. C. Dews (Member).

“ Die Castings,” by A. H. Mundey (Member).

“ Crystalline.Grains in Castings,” by Prof. A.
Glazunov, presented on behalf of the Czecho-
slovakian Foundrymen’s Association.

The Conference adjourned at 12.30 p.m., and
during the afternoon parties of members and
delegates visited the following works:-—

Messrs. Kryn & Lahy (1928), Limited, Letch-
worth; Messrs. .1. A E. Hall, Limited, Dart-
forth; Messrs. Lake & Elliot, Limited, Brain-
tree.

Banquet.

The annual banquet of the Institute of British
Foundrymen was held at the Hotel Cecil,
London, on Wednesday, June 12, Mr. Wesley
Lambert presiding over a company of some 450
members of the Institute, overseas delegates and
ladies.

Research an International Bond.
After the loyal toasts had duly been honoured,
Sin John Dewrance, G.B.E., proposed “ The
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Institute of British Foundrymen and its
President,” and said that having regard to the
very sucoessful international conference that had
been organised by the Institute, everybody
present would be delighted in joining in in this
toast. He himself was a practical founder.
When he left college he went first into the
foundry, where he studied with great care and
eventually became sufficiently skilled to produce
a casting which was exhibited in the Royal
Academy. He believed the artist had an idea
that it was his effort in connection with the
casting that influenced the Committee more than
the work that“he (Sir John) had done, but he
thought he himself could say that if the casting
had been faulty it would have been remarked
upon. (Laughter.) That was in 1880, and since
that time he had started a research department
in his own firm, which he believed was the first
ever established by an engineering firm in Great
Britain. As the years had gone on it was
common knowledge that research had grown
gradually and steadily. He hardly cared to
speak of science in the presence of so many
eminent scientists, but he would like to say that
during his long experience it had gradually been
manifested that science has had a great influence
and that it would ultimately unite the great
civilisations of the world. (Applause.) The
great institutions which organised international’
congresses, such as the International Foundry
Congress, were doing that which was of the
greatest possible assistance to the civilisation of
the world, and he was delighted to be present at
a gathering of so many representatives of over-
seas countries who had come long distances to
attend this Congress. He hoped they had
enjoyed themselves and that they would go back
to their own countries feeling they had received
a hearty welcome in Great Britain; certainly
Great Britain would be delighted that they
should have that feeling. There had sometimes
been an impression that Great Britain in the
past had been greedy of the surface of the earth,
but the real desire of Great Britain had always
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been to civilise the world, and all those other
countries which assisted were doing the same
good work as the Britishers. (Loud applause.)
It had always been the greatest pleasure of the
Britishers to welcome their international friends
and so to encourage the general harmony of the
whole world. He was convinced that the Inter-
national Foundry Conference had assisted to
that end, and we in this country looked forward
to the occasion when the overseas visitors would
again be welcomed in this country. He coupled
with the toast the name of the President of the
Institute of British Foundrymen, Mr. Wesley
Lambert.

The President, replying to the toast, said
he had a pleasing and easy task, inasmuch as
the few words he had to say were of the nature
of a thanksgiving address, and moreover, in the
words of a popular song, “ | Know | am in Jolly
Good Company,” and that he was also fortunate
in being well looked after. The toast master
had given him the lead as to how to commence;
a certain lady had promised to signal to him
if he kept on for too long; one silent member
who he noticed had seated himself at the far
side of the hall was going to rise from his seat
if he did not make himself heard; and an
American friend with whom he had kept close
comradeship during the past fortnight was
going to put his hand up should he so far forget
himself as to speak with an American accent.

Growth of Bell Founding.

On behalf of the Institute of British Foundry-
men, he thanked Sir John for proposing the
toast of “ The Institute ” and for the very kind
things he had said, and he thanked them all for
the hearty manner in which the toast had been
accepted. They were deeply grateful to Sir
John for his continued interest in the Institute
in particular and in the foundry industry in
general. It was most encouraging and gratify-
ing when a gentleman who had attained the
position in science and industry that Sir John
had attained to find him associating himself with
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the Reception Committee for the present Inter-
national Convention of Foundrymen. On the
last occasion of a banquet in London connected
with one of the annual conferences, Lord Melchett
honoured them with his presence as the principal
guest. In his speech on that occasion there
were two things among others that Lord Melchett
said which he personally noted, and to which he
should like to make brief reference. Lord
Melchett said that he was glad that the Institute
of British Foundrymen appreciated the import-
ance of close contact internationally. Were
Lord Melchett able to be with them that evening
he would have gathered that they were still
continuing the policy of close contact interna-
tionally. The other thing to which Lord
Melchett referred was the founding of bells.
Lord Melchett wondered whether, with all the
aid of modern science, we were nowadays able
to equal the bell mixtures of some of the old
bell founders. It might interest all of them to
know that since the Great War one bell foundry
alone—and that within ten or twelve miles of
Lord Melchett’s London office and which foundry
he personally visited—had produced no less than
2,640 church and tower bells, varying in finished
weight from 18J tons to a few pounds each; the
total weight of bells approximating 1,000 tons.
Of these bells quite a considerable proportion
were cast for overseas customers, and experts of
all countries concerned were agreed that for
sweetness and perfection of tone, and as
examples of the bell founders’ art, these bells
had never been equalled in the history of bell
founding.

He was proud to occupy the chair that even-
ing, proud not only personally, but because the
fact of his occupying the chair as President of
the Institute of British Foundrymen exemplified
the democratic constitution of the Institute.
The presidential chair of the Institute of
British Foundrymen was not a perquisite of the
foundry proprietor, but was open to anyone who
like himself was only an employee. He was
proud because he honestly regarded the Institute
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as being one of tbe most important, if not the
most important, technical Institution in Great
Britain. He was proud also because the
Institute was flourishing and was progressing
along the right lines, and that this was recog-
nised was, he thought, apparent to all who look
around at the gathering, including as it did so
many distinguished people of this country and
from overseas.

He did not propose to bore anyone with a
recital of the history and the aims and objects
of the Institute, neither did he propose to
analyse the membership figures, nor to give the
titles of the technical papers read before the
various branches or submitted at the present
Convention, but it would ill behove him were
he not to take this public opportunity of thank-
ing all those gentlemen who had presented
papers. Incidentally, nearly 150 technical
papers had been submitted during the past,
session, and as a member of the Literary Com-
mittee he could bear testimony to the value of
those papers. Also a word of praise must be
given to the Cast Iron Test-Bar Committee,
which had done such good work during the last
two years, and to the Educational Committee
for the good work which was being done in refer-
ence to the better training of foundry workers of
the younger generation.

It would be unfair of him to poach his
colleagues preserve, but as one of the Reception
Committee he must express delight at the
presence of so many overseas delegates and of
the ladies at the banquet. They hoped that
the foreign delegates would not leave this
country without having recognised that the
foundry industry in Great Britain was much
more alive than perhaps they were led to think,
and that the ladies would bear testimony that
London was not always fog-bound.

Acknowledgment of Help.
Before concluding, the President said he had
a further pleasing duty, namely, to acknowledge
the services of all those ladies and gentlemen



who had so generously given their best services
on the various Committees associated with the
organisation of the present international Con-
ference. A great deal of work was involved,
and all had worked right loyally. Then he
wished to renew the expression of thanks to the
Lord Mayor for his kindness in loaning for the
use of the Institute the City Council Chamber
and the other departments of the Guildhall,
and for his welcome, and to the President of
the Institution of Mechanical Engineers for like
kindnesses. To Sir John Dewrance and to Sir
Hugo Hurst; to Messrs. Bridges, senior and
junior—organisers of the Foundry Exhibition at
the Royal Agricultural Hall—and to the Con-
ference Committee of the Foundry Trade
Equipment and Supply Association for their
kindness and generosity in acting as hosts at
several of the London functions, and to all the
patrons who had assisted financially. To Dr.
Rosenhain, F.R.S., and Mr. J. G. Pearce,
M.Sc., who had been mainly instrumental in
getting together the technical and educational
exhibits at the Exhibition at the Royal Agri-
cultural Hall. To the officers of all the various
branches for their splendid and successful
efforts in entertaining the overseas delegates, and
ladies who were able to take the pre-convention
tour through Great Britain. To the Lord
Mayor, Mayors, Sheriffs, Presidents of the
Chambers of Commerce, and other gentlemen
and their ladies for the kind receptions given
and the hospitality accorded, and the Master
Cutler and Mistress Cutler for like favours. To
all those proprietors, directors and managers of
works, factories and foundries throughout the
kingdom for kindly throwing open their estab-
lishments for works visits both for gentlemen and
ladies and for their generous hospitality on those
occasions, and to those members of the staff at
the respective works for their kindness in acting
as guides and instructors.

He desired to mention one more name, which
he wae sure would be received with acclamation
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—Mr. H. G. Sommerfield the Hon. Secretary
ol' the London Convention Committee. He
remembered having read that people entering a
church had sometimes mistaken the acolyte for
the high-priest. Mr. Sommerfield is indeed the
high-priest and he was but the acolyte. Mr.
Sommerfield had done yeoman work, and to his
efforts, coupled with those of Mr. Makemson,
the General Secretary, the success of the func-
tion and of the Convention as a whole were
mainly due.

On behalf of the Council and members of the
Institute of British Foundrymen he thanked Sir
John Dewrance for his kindness in proposing
the toast of the “ Institute of British Foundry-
men,” and all present for the hearty manner in
which they had accepted it, and he thanked
them personally for the forbearance with which
they had listened to his response.

United States of Europe.

Mr. S. H. Resskti. (Past-President, Institu-
tion of British Foundrymen), proposing “ Our
Guests,” extended a hearty welcome to them
all, and especially those who had travelled many
thousands of miles to attend the Congress and
visit the Exhibition. Speaking specially to the
American delegates, he suggested that during the
tour of our industrial centres and also the visits
that had been paid to some of the historic spots
in this country, they might have been impressed
with the fact that this country is not so vast
as their own, where there were 42 States, each
without a tariff wall between them, and all
working under one Government. On the other
hand, in Europe there were 28 nations, nearly
everyone speaking a different language, each
being a sovereign nation, and all having a high
tariff wall between them. He believed that,
excluding Russia, the area of Europe was very
much smaller than the area of the United States,
but the prophets foretold that the substitution
of one control for the independent sovereign
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control of the various European nations was
entirely within the range of human possibility.
At the same time the difficulties were enormous.
There was in the first place the difficulty of
language, and there was, of course, the intense
national spirit that had grown up inside the
various nations. However, the prophets told us
that the writing was on the wall, and that there
is a movement towards grouping the world in a
relatively few units instead of into a large
number of individual nations. This Conference
afforded also the opportunity of giving expression
to the belief in this country in the principle of
the free exchange and interchange of knowledge
in the foundry craft. The old days of secrecy
and secret methods had almost entirely dis-
appeared, and he knew that those sentiments
were also held by all the overseas delegates.
(Hear, hear.) The toast was coupled with the
names of Mr. S. T. Johnston (President of the
American Foundrymen’s Association) and Sir
Joseph Petavel, F.R.S. (Director of the National
Physical Laboratory).

The Democratic A.F.A.

Mb. S. T. Johnston, Who made the first reply,
expressed appreciation on behalf of all the over-
seas delegates of the splendid hospitality they
had received during their visit to this country,
and speaking specially of the American Foundry-
men’s Association, said that organisation had
2,500 members. A man was not too old to join
that body because there were some white haired
men who were members, some of whom had been
members for many years and others who had
recently joined. Nor could a man be too young
to join because there were some apprentices in
the Association and many of the younger
workers. Again, a man could not be too learned
to join because some of the most distinguished
men of science were members of the A.F.A., and,
on the other side, a man need not consider
himself too ignorant to join because the member-
ship included some foundrymen who did not
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know muck more than the rough and tumble of
the foundry. Nor need anybody be too humble
to join because the membership included many
in the humble walks of life connected with the
foundry trade, and, finally, a man need not be
too proud to join the organisation because there
were already on the books many men of high
position, both on the technical and commercial
sides, and who were giving valuable assistance
in the work of the Association. After once
more referring in highly appreciative terms of
the good time all the delegates had had during
their stay in this country, and mentioning par-
ticularly the wvisit to the provinces, Mr.
Johnston read a printed resolution from the
American Foundrymen’s Association, which was
passed before the American delegates left for
their tour of this country, and presented it to
the President of the Institute of British
Foundrymen in the form of an illuminated
address (see page 49).

The Antiquity of the Foundry Industry.

Sin Joseph Petavel, in the course of his
reply to the toast, said it had occurred to him
that the foundry was not only the most funda-
mental art in connection with our present
civilisation, but also possibly the earliest art
which indicated the dawn of civilisation. As
man passed from the savage to the first sign of
civilisation the first development was the
foundry. For the first time he began to
produce metals, and for the first time his degree
of cultivation of intelligence was measured by
the success of his art of founding. They had all
heard of the magnificent work now coming from
Egypt in gold and silver dating 4,000 years ago,
and it revealed a considerable knowledge at that
time of metallurgy. He understood that the
gold alloy was chosen because it was particularly
easily worked and was malleable, and that was
one reason why such beautiful work was possible
in those days. With the development of
civilisation .the art of the foundryman became
the basis of the art of the engineer. In the



earlier days the mechanical engineer could not
exist because he had no metals, but when metals
came to the fore, when the foundryman began
to produce the metals, then mechanical engin-
eering began to transform the world. In the
earlier days the foundry was the seat of mystery,
and he understood that even down to compara-
tively recent days there still remained secret
mixtures which were added to metals and which
alone caused the excellence of the product. |In
more recent times, however, metallurgy had
produced not merely the few metals which the
ancients used, but literally dozens of new metals
which, combined in various proportions and
treated in different ways, formed the basis of
the present advance of mechanical engineering.
All that had changed the foundry from a place
of secrets and mystery to a laboratory of science,
and at the present time scientific work was as
essential as practical experience. Sir John
Dewrance had spoken of the manner in which
he had led in the application of research to
engineering, and it was the function of the
National Physical Laboratory to help industry
with knowledge and advice. Mr. Russell had
suggested that the time for secrets had passed
and that the time for the unity of the world had
come. That was a thing to look forward to,
but that development was very large, and it
would tax even the Institute of British Foundry-
men and the American Foundrymen’s Associa-
tion severely to find a melting pot of sufficient
size to fuse the European nations together. It
was to be hoped that in the future that state
of things would be brought about, but for the
present he was led to believe that even the
American Association found that melting pot a
little difficult to manage at the present time
with  complete  success. (Loud  laughter.)
Finally, Sir Joseph expressed the deep apprecia-
tion of the guests, and the ladies, for a
delightful evening.

A splendid musical programme was provided
during the evening.
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THURSDAY, JUNE 13.

The Conference resumed at 9.30 at the Institu-
tion of Mechanical Engineers.

Session A was held in the Meeting Hall,
and was presided over by the President. The
following Papers were read and discussed: —

“ Methods of Testing Cast Iron,” by MM. Le
Thomas and Bois. Presented on behalf of the
French Foundry Technical Association.

“ The Influence of the Size of Section on the
Strength of Grey Cast Iron,” by J. G. Pearce,
M.Sc. (Member).

“ The Critical Examination of Steel Castings,”
by C. F. Gillott, B.Met.

Session B was held in the Council Cham-
ber and was presided over by Mr. F. P. Wilson,
Senior Vice-President. The following Papers
were read and discussed: —

“ The Vocational Training of Foundry
Workers, Foremen and Engineers in Belgium.”
Presented by the Belgian Foundrymen’s Asso-
ciation.

The Problem of Foundry Moulding Sand,”
by H. van Aarst. Presented on behalf of the
Dutch Foundry Technical Association.

“ Coal-dust as applied to Moulding Sands,”
by B. Hird (Member).

“ The Applications of Pulverised Fuel,” by
H. W. Holland and E. Lowndes.

At the conclusion of the Thursday morning
session in the Meeting Hall the President for-
mally thanked the Corporation of the City of
London for allowing the Guildhall to be used
for the opening of the Congress, the Institution
of Mechanical Engineers for placing their build-
ing at the disposal of the Conference, the
readers of Papers, subscribers to the Congress
funds, and all who had assisted in any way in
connection with the Congress.

The President’s motion was supported
enthusiastically.
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Luncheon to Overseas Delegates.

At the conclusion of the Conference Session
on Thursday the leaders of the overseas delega-
tions were entertained to luncheon at the Inter-
national Foundry Exhibition, Royal Agricultural
Hall, by the President and Council of the Foun-
dry Trades’ Equipment and Supplies Associa-
tion, in conjunction with the Exhibition orga-
nisers, Messrs. F. W. Bridges & Sons, Limited.

Mr. H. Winterton, President of the Foundry
Trades’ Equipment and Supplies Association,
presided.

Mr. Wesley Lambert, President of the Insti-
tution, proposed the toast of “ Our Guests,”
which was responded to by Mr. Fred Erb, Vice-
President of the American Foundrymen’s Asso-
ciation, Dr. Ing. S. G. Werner, President of
the German Foundry Owners’ Association, and
Mr. E. V. Ronceray, Vice-President of the Asso-
ciation Technique de Fonderie de France.

Mr. F. P. Wilson, Senior Vice-President of
the Institute, proposed the toast of “ The
Chairman.”

Mr. Winterton responded, and expressed the
pleasure of his Association and of the Exhibition
organisers, of the opportunity of entertaining so
many distinguished overseas visitors.

Mr. K. W. Bridges also responded.

During the afternoon members and delegates
paid an official visit to the International Foun-
dry Exhibition, and later were entertained by
Messrs. F. W. Bridges & Sons, Limited, Mr. H.
W interton again presiding.

On Thursday evening, June 13, nearly 500
delegates and ladies accepted the joint invitation
of the London Branch of the Institute of British
Fouudrymen and the Foundry Trades’ Equip-
ment and Supplies Association to a Dance and
Cabaret at the New Burlington Galleries. The
guests were received by Mr. W. B. Lake, Presi-
dent of the London Branch of the Institute of
British Foundrymen, and Mrs. Lake, and by
Mr. H. Winterton, President of the Foundry
Trades Equipment and Supplies Association, and
Mrs. Winterton. A cabaret entertainment was
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provided by “ The Marshmallow Girls ” under
the direction of Mr. Gordon Marsh, and other
artistes included Miss Olive Tyson and Miss
Mollie Seymour. The orchestra was under the
direction of Mr. Ernest Rutterford. A very en-
joyable evening was concluded at midnight by
the singing of “ Auld Lang Syne.”

The next day, Friday, June 14, was the last
day of the official Conference arrangements and
was devoted to a whole day excursion through
the county of Kent to Canterbury. Nearly 200
delegates "and ladies, including a large number
of overseas visitors, took part. A halt for
luncheon was made on the outward journey at
the “ Tudor House,” Bearsted; the party then
proceeded to Canterbury, where they were con-
ducted around the Cathedral. On the return
journey tea was provided at the “ Tudor
House ” and the party then returned to London.

A very interesting informal ceremony took
place in the lounge of the Hotel Cecil upon the
return from the excursion to Canterbury, when
Mrs. S. T. Johnston, wife of the President of
the American Foundrymen’s Association, pre-
sented a shawl to Mrs. Wesley Lambert, wife of
the President of the Institute of British Foun-
drymen. The presentation was made on behalf
of the ladies of the American party as a
memento of the tour of Great Britain, on which
they were accompanied by Mr. and Mrs.
Lambert, and also of their visit to the London
Congress.
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TOUR OF OVERSEAS DELEGATES

To the International Foundrymen’s Congress.

A party of American delegates and ladies,
which included Mr. S. T. Johnston, President
of the American Foundrymen’s Association,
arrived in London for the International Foundry
Congress on Monday, May 20, and were wel-
comed by representatives of the Institute.

On Thursday, May 23, the American delegates
and ladies, together with officers of the Institute
and other guests, were entertained to dinner at
the Holborn Restaurant by Sir Hugo Hirst,
Bart. Mr. W. B. Lake, J.P., President of the
London Branch, presided, and Sir Hugo Hirst
proposed the toast of “ Our Overseas Guests.”
The toast was responded to by Mr. S. T. John-
ston and Mr. H. Cole-Estep. The chairman pro-
posed the toast of “ Our Host,” which was
responded to by Sir Hugo Hirst.

During their stay in London the American
visitors took part in an excursion to Windsor,
and also sight-seeing tours of London.

On Monday, May 27, a party of 60 overseas
delegates and ladies, including representatives of
the United States,f Germany, Poland, Czecho-
slovakia and Italy, commenced a two-weeks’
tour of Great Britain. The party, which was
accompanied by Mr. Wesley Lambert, President-
elect of the Institute, and Mrs. Lambert, first
journeyed to Birmingham, calling at Leamington
and Stratford-on-Avon.

The visitors were entertained to luncheon by
the Lord Mayor of Birmingham, who welcomed
the visitors and who was_thanked by Mr. S. I\ .
Utley, President of the Detroit Chamber of
Commerce. Works in Birmingham and Coventry
were visited, and the ladies of the party visited
various places of interest.

In the evening the members were received
by the Mayor of Coventry, and were afterwards
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entertained to dinner by the Birmingham and
Coventry members of the Institute.

Proceeding to Derby on May 29, a full pro-
gramme of works’ visits was undertaken, and a
luncheon was given by the firms whose works
were visited during the day. Later in the day
the visitors were entertained to a complimentary
banquet at Matlock Bath by the East Midlands
Branch. Mr. H. Pemberton, Branch-President,
presided, and proposed the toast of “ Our
Guests,” which was responded to by Mr. S. T.
Johnston and by Mr. Fred Erb, Vice-President
of the American Foundrymen’s Association.
Mr. E. J. Fox, managing director of the Stanton
Ironworks Company, proposed the health of the
secretary of the Branch, and Mr. H. Bunting
responded.

On the following day the Stanton Ironworks
were visited. The members were entertained to
luncheon, and the ladies took part in an excur-
sion through the Peak district. Later in the
day the party proceeded to Manchester.

Friday, May 31, was spept in visiting works
in Manchester. The ladies visited places of
historic and general interest, and in the even-
ing the Lancashire Branch of the Institute enter-
tained the visitors to a banquet at the Midland
Hotel.

The Lord Mayor of Manchester responded to
the toast of “ The City and Trade of Man-
chester,” which was proposed by Mr. A. F.
Hageboeck, director of the A.F.A.

The toast of “ Our Guests ” was proposed by
Mr. T. Makemson, general secretary of the In-
stitute, and responded to by Mr. F. Erb, Vice-
President of the A.F.A., and Mr. B. Dango, of
Germany.

Mr. Daniel Adamson, President of the Insti-
tution of Mechanical Engineers, proposed the
toast of the Lord Mayor, which was responded
to by the chairman, Mr. E. Longden.

On the following day the tour was continued
by motor coach to the English' Lake District,
and on Sunday, June 2, the party proceeded to
Glasgow.



57

On Monday, June 3, the visitors were the
guests of the Scottish Branch of the Institute.
A special steamer was placed at their disposal,
and the day was spent in a cruise on the River
Clyde. A reception was held on the steamer by
Sir Archibald Mclnnes Shaw, and a compli-
mentary luncheon was given in the saloon. On
returning to Glasgow, the Lord Provost and the
President of the Glasgow Chamber of Commerce
held a reception in the City Chambers.

On the following day the motor-coach tour
was continued through the Scottish Highlands,
and the evening was spent in Edinburgh.

After an inspection of the city of Edinburgh,
01l the morning of June 5, as the guests of the
Scottish Branch of the Institute, the visitors
proceeded to Newcastle.

On Thursday, June 6, a number of works in
the Newecastle district were visited, and a com-
plimentary luncheon was given by the Newcastle
Branch of the Institute, previous to which the
party were given a civic reception by the Lord
Mayor. In the afternoon the North-East Coast
Exhibition was visited. On the following day
the motor tour was continued by way of Ripon
and Harrogate to Sheffield. The members were
received by Mr. J. T. Goodwin, President of the
Sheffield Branch, and Past-President of the
Institute. In the evening they were received by
the Master and Mistress Cutler, and were enter-
tained to a dance at the Cutlers’ Hall.

On June 8, the last day of the tour, a recep-
tion was held at Sheffield University by the Lord
Mayor of Sheffield, and the members then visited
various works. At the luncheon which followed
the guests included leaders of the civic and in-
dustrial life of the city, and visits were paid
to places of interest in the afternoon.

Later in the day the party returned to London
by train in readiness for the opening of the
International Fouudrymen’s Congress.

The thanks of the Institute are due to all the
Branches, Branch officers and members for the
arrangements which were made ; to all who sub-
scribed to the entertainment fund; to the Lord
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Mayors and Mayors of the various cities; to the
directors and managers of the various works
visited; and to all who assisted in connection
with the tour.

THE INTERNATIONAL FOUNDRY EXHIBITION.

The International Foundry Exhibition, which
was held in the Royal Agricultural Hall from
June 5 to 15, was attended by an exceptionally
large number of visitors, including many over-
seas visitors who were present in London for the
International Congress.

The Exhibition, which was organised by
Messrs. F. W. Bridges & Sons, Limited, in con-
junction with the Foundry Trades’ Equipment
and Supplies Association, was one of the largest
Foundry Exhibitions held in this country.

An important feature was the large and com-
plete technical exhibit, which was organised by
the various Research Associations and Universi-
ties in conjunction with a Committee of which
Mr. Wesley Lambert was chairman and Mr.
F. K. Neath, secretary. The exhibit showed
modern developments in melting practice, mould-
ing sands, casting processes and special alloys,
and research and laboratory methods.

An Educational Exhibit of considerable im-
portance was also arranged with the co-
operation of various British and foreign colleges
where training in foundry practice is given.
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PAPERS PRESENTED AT THE INTER-
NATIONAL FOUNDRYMEN’S CONGRESS,
LONDON.

SOME INTER-RELATIONSHIPS IN GREY-IRON
METALLURGY.

By J. W. Bolton, M.Sc. (American Exchange Paper).

Discussing relationship between strength and
composition, J. G. Pearcel said: “ If these
(researches) can be shown to correlate (tests,
working properties, and operating conditions)
even for a single set of melting conditions, a
great step forward in foundry control becomes
possible.” The present state of knowledge of
grey cast iron as an engineering material
generally is recognised as chaotic. A great deal
of valuable quantitative research has been car-
ried out. In the absence of intensive effort
toward exacting correlation of this material,
most of the present-day conclusions are hut
qualitative. This condition is understood by all
grey iron metallurgists. Technical societies in
America are devoting much time to study of the
problems involved. This work undoubtedly will
bring about major changes in specifications and
methods of testing. With more accurate know-
ledge of the engineering properties of various
grades of iron, the character and quality of
product will become more nearly standardised.
The engineer will make greater use of grey iron
castings to the degree that he is informed of
its desirable properties.  Scientific foundrymen
hold no brief for this or that engineering mate-
rial. The best material is that which fully satis-
fies engineering requirements in the most eco-
nomic manner. For this purpose it may be
bronze, for that steel, and for the other, grey
iron. However, foundrymen must seek accurate

1 Proceedings of The Iron and Steel Institute. 1928.
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knowledge, that they may select without pre-
judice—for this alone spells real progress. With
no intent of particular selection, attention is
directed to the value of Papers of the type lately
contributed by J. G. Partridge.2

This Paper deals with schemes of correlation
which the writer feels may be in sympathy with
the present trend of engineering thought in this
matter—particularly so in Great Britain and
in America. He feels that the hope so elo-
quently expressed by Mr. Pearce is capable of
materialisation—that, in fact, great advances in
foundry metallurgy rapidly approach realisa-
tion. The spirit of co-operation manifest in
these International Congresses augurs that the
moment of this realisation is not far distant.
With the consideration and appreciation of
additions to the knowledge made possible by
investigators in all great industrial countries,
it seems most proper and fitting to call atten-
tion to the brilliant advances, to the thorough-
going work, of the able workers of Great
Britain. From the very inception of the iron
and steel industry, a very large portion of its
phenomenal progress has heen due to the efforts
—individual and collective—of these men.

Two Important Problems before Foundrymen.

Two problems before the foundryman to-day
are: (1) Study of the influence of manufac-
turing practice on given grades of cast iron;
and (2) Relationship of test results to engineer-
ing properties of the casting. A more detailed
set of questions was proposed in a recent edi-
torial in The Foundry Trade Journal as fol-
lows: “ Ever since Mr. John Shaw presented his
Paper to the summer meetings of the American
Foundrymen’s Association, the situation of theo-
retical consideration of cast iron has become
more complicated. Arising from the discussions,
the following questions have been posed : (1) Are
experiments carried out on small quantities of
synthetic mixtures of pure materials really help-
ful? (2) Are conclusions drawn from diagrams

2 The Magnetic and Electrical Properties oi Cast Iron—
Carnegie Scholarship Memoirs, 1928,
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based on the summation of silicon and carbon
contents of great value? (3) Is the control of
the matrix of more importance than the control
of the graphite formation? (4) Is the condition

Si |

It

Fig. 1.— Cooling Velocity, Cooling Curves.

of the graphite dependent on the nature of the
carbides resulting from composition or thermal
history? (5) Can the recently discovered critical
manganese percentage be definitely stated on
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theoretical grounds? (6) Can the low-carbon
higb-silicon development be related to one of the
existing theories? (7) Can the super-heating
theory be definitely substantiated? (8) Is the
gas content of cast iron to be taken as a serious

teoo -
Spec/me/? S/ze -g “Pur6”/<orp"
Pour//?/ 7em/?erature, 2200
Tota/ Carpos?, 3.PS P
€000 - S/Z/coe?, 2.00K
Zo/ume, A/3 eu.f2
=/662°5 Suzr:ja/ljr«;ep rea, A3,83 se/, /$?
fe0o Surface freo uj2U2
I 1
H/gPest temperature reaches/
S600 fn molc/, /" aPoile cas/l/?#. [15°F
45 m/putes after pour/n/.
* /400
-257
1/200
Pour/n/
1000 Thermocoup/e (;a/e-,
a=»<3
Top o f ¢Sroys
€00 5/as/r-/S'Jf/B SAS'
a0 %

80 S5 20 25 30 35 40 45 50 55
A f 7/ IS {117 Sa? SrcOAAAte

AS (S /s femperoft/Aie r5?clep. 5 /
Fig. 2a.

factor? (9) Is ingotism of paramount import-
ance? (10) Are internal stresses receiving their
quota of consideration in discussing some phe-
nomena? (11) Can free graphite exist in normal
cupola-melted iron? It is obvious that further
Papers are needed which will clarify our ideas.”
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Four Factors influence Mechanical and Physical
Properties of Grey Cast Iron.

The properties, mechanical and physical, of
any grey iron casting depend upon the following
factors: (1) Chemical composition of metal,
initial, incidental and final; (2) structural,
mechanical and chemical make-up of charge (all
materials); (3) melting process, conditions—
chemical, thermal and mechanical, and (4) ther-
mal, chemical and rhechanical history, furnace
spout to finished casting.

The iron-carbon-silicon series of alloys known
as grey iron contain pearlite, ferrite, and as cast
formed graphite.  Within this general struc-
tural make-up, alloys of widely divergent pro-
perties can be obtained. To attempt systematic
study, it is necessary at first to classify or group
these alloys. The simplest primary classifica-
tion is according to chemical analysis of final
alloy. Such a system of classification is out-
lined in Table I, based on percentages of total
carbon and of silicon. Some 40 groups are
listed. (It is obvious that some of these alloys
are not grey irons unless cooled slower than at
an ordinary cooling rate.) In addition certain
sub-groupings are necessary according to pre-
sence of phosphorus, manganese, sulphur,
various metals, metalloids, gases, etc. However,
in usual foundry practice, the carbon-silicon
groupings are most important.

Although the second factor—make-up of charge
—undoubtedly is important, it seems impossible
at the present time to attempt more than
a qualitative classification.  The degree of
graphitisation of charged materials has some
effect on the possibility of degree of solution
of graphite during the melting process—hence
on the presence of graphite nuclei in the molten
metal. This, of course, influences the degree of
graphitisation of the final casting. Thus the
amounts of sand-cast pig, chilled pig, steel,
scrap, etc., should be noted in all research work.
Furthermore, the size of the pieces charged,
their general grain-size, etc., should be indi-
cated. Much careful research is needed to

d2
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demonstrate whether or not the so-called in-
herent properties of the raw materials always
persist unaltered through the melting process
and influence the final product.*

Third, the cupola or furnace operation has
much to do with the quality of metal melted
therein. For example, it is known that super-
heating during the melting process at first tends
to delay the progress of graphitisation on cool-
ing. At still higher temperatures the effect of
this phenomenon may be altered or changed.
Iron badly oxidised in cupola-melting does not
compare favourably with that obtained from a
good hot working cupola with normal blast.
Crucible-melted irons generally are not compar-
able with those obtained from the cupolas—a
fact that has vitiated the exact practical signifi-
cance of work of many investigators. There-
fore, in any work on comparison or correlation,
the exact type of furnace and its operating
characteristics should be stated clearly.

Thermal and mechanical history of the metal
from furnace spout to cooled casting is the fourth
factor. The degree of graphitisation depends
to a great degree on the cooling velocity from
the liquidus to a temperature probably somewhat
below the eutectoid point. The writer regards
cooling velocity and composition the most im-
portant factors influencing the final properties
of the metal. Cooling velocity is a curvilinear
function, not easy to express in a simple manner,
as shown in Fig. 1. It depends on many factors.
Among these are:—(1) Initial temperature
(which may or may not coincide with pouring
temperature) ; (2) final temperature (i.e., room
temperature) ; (3) specific heat of the alloy, at
all points along the curve; (4) volume of metal
to be cooled; (5) metal-surface area, for dissipa-
tion of heat; (6) cooling gradients within metal
and mould ; (7) conductivity of mould material ;
(8) speed of pouring; (9) energy release appa-
rent in thermal arrests (see Figs. 2a to 2e) ; and
(10) mechanical factors.

5 E. Piwowarsky, Trane. A.F.A., 1926, p. 914-981.
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Relationship of Volume to Surface Area a Significant
Factor.

It is apparent that with carefully-regulated
foundry practice many of these factors are nearly
constant, or at least susceptible to a reason-

2230

Spec/men S/ze - / 'fid X6 *ong
Pour/ng Temperafare, 27/3‘P
Tofa/ CarAon, 3.5/ %
S/Z/col?, 2.02%

196, Vo/c/me, 2.49cu i
Surface Area. /5./Q sg /n

Vo/ume
reco Surface Area 0/640

¢000

H/ghesf tempera/ure reached
/BOO w/n mo/d, /“afore casf/ing, 247°f.
55 m/nvfes af/er pour/ng

11400
-/344°P
200
Thermome/er AjNTfjermocouple
t? Jooo A

‘- . __—
BOO

- >

Fi75* I5X/2X6

eoo
400

O 5 /O /5 20 25 30 35 40 45 SO 55
AX /1 /s //me A?seconds 1
AO (6 /s fcm peraXure /nofeg. fJ

Fig. 2b.

able degree of control. The most significant
factor is the relationship of volume to surface
area—expressing the well-known foundry fact
that cooling rate is proportional to section size.
In Table Il is shown a list of various simple
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shapes arranged in the order of their volume/
surface area relationship.

In Fig. 3 there is experimental proof of the
validity of this ratio for bars cast under care-
fully controlled and reproducible conditions. In

Spec/ner? S/ze- / PcfXG
0 Poar/spcf Te/rprra/are, 2700°r  ~
=015 To/o/Cor/~or?t 3.39%

SMaxr?, 1.98%
Vo/u/ne, 4.72cu/n
Surface Area, 2042s<.//2
=a?

Surface Area =a?3//

W/ffesf fe/rperafere reacOef
? /o, /'oAoee casflox?, 3//°F
32 /7?/radfes offer pour//par

1344%

Fe——n

F/os/r /5f/2 X5*

/O /S 20 25 30 35 40 45 SO 55
Of // as t/fee Ir?secooc/s j
( &/is femperofc/re ?dxpr. f j

Fig. 20.

this we have used the average rate of cooling
from the solidification arrest (about 1,121 deg.
C.) to the pearlitic inversion (about 732 deg. C.).
(That there is some graphitisation below 732 deg.
C. is well known.) It is interesting to con-
template the net effect to time-temperature (or
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cooling curves) versus temperature-graphitisation
rates on the net rate of graphitisation under
casting conditions.

The factors involved and their controllability
follow:— (1) Initial temperature depends to some

etoo

Spec/men Ssee- 2'fid X 6*;0rg
Pouring Temperature, 2669*P.
Tofa/ Cardon, 3.20% >

Sy/fcan, /97%

/utne, f&43cu.in
Surface , 4398sgin T
_j/oduntf Q4/73
Surface Area

Highest temperature reached
in aro/af, / ‘ahoue casting, 402*f
62minutes afterpcur/ng.

~I344%F

Thermometer y gThermocoup/e

f/crsk /rx”~™ XS*

AT /> si //me /?secomfs

/o rs 20 2 jo sj jo 4] joy
40 (9 /s fempererfe/r# P? efep. C

Fig. 2d.

degree on the process employed and on the
method of operation of the process; (2) pouring
temperature is controllable; (3) final temperature
may be assumed as constant; (4) specific heats
of various types of iron do not vary much; (5)
magnitude of cooling gradients within the metal
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itself are as yet little understood. That they
are very important is evident from the varia-
tions in grain size, etc., found on examination
of the cross section of some castings—notably

ttoo
Spec/wen S/ze- 3*fidX 6 ‘Long

Pour/ng Temperafure, 2633°P ~
Tofa/ CarAco. 3.34 %

s5/llcop, /1 33% — -

do/u/Pe, 42.4/ cu./n

Surface Prea, 63.6/74sg./n"'
vole/ne L ee66

Surface Area

~/370P

TAer/po/ne/er”™  ;TAer/pocoap/e
e Viei\ i »--A

H/gAesIf te)nperlofvrall reocAed/f?_
mo/d, /" al/tore casAAg. 600‘P
ecf/mofed TAer/Porrefer _
reac/ted 7009 3Sm/outes
offer poor/Ag

0 S /0 /S 20 2d 30 3S 40 4S SO S f
fa fIv* II? sacords )
's fe/pperafcAre a?deg. £ /

Fig. 2e.

heavy sections with high-carbon irons. This
effect is manifest in mechanical properties *
(6) conductivity of mould material, of course,
varies somewhat. (See Fig. 3.) This is con-
trollable for research purposes; (7) speed of

4 See Arthur Smith—* Foundry Trade Journal,” Feb. 2, 1928,
p. 79, Fig. 2; also J. W. Bolton—Trans. A.F.A., 1928, Vol. 36,
p. 499, Fig. 8. 1
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pouring depends on gating and workmanship—
both relatively controllable, but rarely defined
in experimental work; (8) mechanical factors
often are overlooked, as, for example, were the

\'
Fig. 3.— Relation of Eto Actual Cooling

R ate.

bars sand-cast, were they tumbled, what sort
of risers were used, etc.?

In any work of classifying irons according to
mechanical test, the method of testing should
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be defined clearly and completely. In much re-
search work neither analysis nor size of sections
is mentioned.

Influence of Manufacturing Practice.
It, then, is possible to solve the first problem

0.30 0.40 0.50
- \Vo/t/oe
Ratio- gori&ce Are<7

Fig. 4.— Study of Grade of lron.

(study of the influence of manufacturing prac-
tice on given grades of cast iron) as follows: —

(A) Arrange a classification of irons according
to composition : and (B) make an intensive study
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of each grade. In this study it is necessary to
give consideration to the influence of the four
factors indicated in a previous paragraph.
Although there are vast gaps in the data neces-
sary, methods of statistical research can be
applied to very good advantage on existent data.
A list of several interesting compilations of
data is attached (Table I11). A partial
study of one grade of iron is shown in
Fig. 4 and notes. The writer has com-
piled data covering many of the groups,
and regrets that space is not available for inclu-

sion of this voluminous, yet interesting, sub-
stantiation of the practicability of the scheme
of study. These indicate that Mr. Pearce’s hope
is quite possible of practical realisation. While
the very complexity of the problem denies exact
mathematical prediction of each and every
property, it is unquestionable that most of these
will some day be charted to a degree of accuracy
compatible with usual engineering practice. An
exact analogy can be drawn to the art and
science of the manufacture and testing of steel,
wherein reasonably accurate engineering data
can be found in many handbooks.
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Relationship of Test Results.

The second problem is relationship of test
results to the properties of castings. Two view-
points predominate—that of many British and
Americans, who believe that test results can
be correlated so that properties of castings may
be predicted therefrom with reasonable accuracy,
and that of the French and other Continental
investigators, who hold that tests must be made
on the castings themselves. It is logical to ex-
pect that if a ladle of the same grade of iron
is divided into two parts and each part sub-
jected to exactly the same treatment, the two
resultant materials will be the same. Very few
Papers have been published in which definite
attempts have been made to make test-piece and
casting each comply with the four factors listed
previously.

That it can he done, may be demonstrated
by one example and summaries of other tests—
all very much condensed. The possibility of such
correlation is so well recognised in America that
leading specification-making bodies are pro-
posing inclusion of such directions in specifica-
tions so that test and operating conditions may
be as nearly as possible correlated.

Example 1.—The casting of design shown in
Figs. s5a to 5e was probed thoroughly.
It was found that the volume/surface
area relationship of this casting (overall)
was 0.61, corresponding approximately with
test bar 2.4 in. by 18 in. However, the
casting is not wuniform in section, and
allowance should be made for this fact. This
was a scrap casting, due to blowholes in portions
indicated. The analysis shows carbon 2.93 and
silicon 2.01 per cent, neither corresponding to
group 27 or 28 of Table |I. A detailed list of the
test accompanies the diagram.

Tensile .. T1 35,507 Ibs. T2
Shear .. IB 41,875 ,, 1C
. 2B 44,652 2C

3C

Brinell, edge, average 203
, Trib, ” 195



T

Tensile T2 is slightly higher than TI, the
latter being in the heavier portion of the rib.
Shears IB and 2B are close to TI, their average
43,263 Ibs. per sq. in. transferred to tensile in
shear-tensile chart.3

62 Shear-
44652

/bpersam

8f Shear-
41875
/Aper34

Fig. 5c.

The average of shear strengths 1, 2 and 3C,
46,005 Ibs. per sqg. in., corresponds to a tensile
of about 38,000 Ibs. per sq. in. (Fig. 6). This is
comparable to 39,265 Ibs. per sq. in. of T2.

5 J. vf. Bolton—Trans. A.F.A., 1928, p. 495, Fig. 4.
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taking T1 and T2 average value (37,368 Ibs. per
sq. in.) as representative of the casting, whose
relative cooling-rate approximates that of a
2.4-in. bar, we take the value 37,800 per sq. in.
from the writer’s data. This is a good check

£

w rof?s W/t Alh~ke/

o o-/ror?s w/?/70i/f Allekel

A/l Gray /rests of
Low SPZCirets

20 25 30 35 40 45 50
Sfoor 50re/?0'//? /I? Tfoosol/yas of /zaloersq. /p.

Fig. 6.— Shear-Tensile Relationships.

when one considers that the tensiles T1 and T2
were taken from a section subject to some
shrinkage. The Brinell numbers (195-203) when
compared show that these compare with the

tensile within the limitations of the Brinell cor-
relation.
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Fig. 7b.
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7 —
8 3.52
10 3.54
u 3.52
12 3.68
13 3.68
14 3.52
15 3.52
16 3.52
17 3.53
18 3.52
19 3.52
20 3.52
21 3.52
22 3.52
23 3.52
24 3.52
25 3.52

Silicon.

2.17
2.14
Max.
2.17

Max.

2.17

Max.

2.10

2.20
2.14
2.17
2.17

2.10
2.10
2.09
2.17
2.10
2.10
2.10
2.10
2.17
2.10
2.10

Combined
carbon

Manganese.

0.60

80

Sulphur.

0.08

Phosphorus.

0.32

“ Crane Pattern”

£-in.
0.60
f-in.
0.60

1.0-in.

0.60

0.64
0.49
0.54
0.54
0.60
0.60
0.60
0.52
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60

bars
0.08
bars
0.08

bar
0.10

0.07
0.12
0.08
0.08
0.10
0.10
0.10
0.05
0.08
0.10
0.10
0.10
0.10
0.08
0.10
0.10

0.32
0.32
0.34

0.27
0.63
0.65
0.55
0.34
0.34
0.34
0.84
0.32
0.34
0.34
0.34
0.34
0.32
0.34
0.34

Dia. cast.

0.50

iin.

0.75
1.00
1.06

1.20
1.20
1.25
1.25
1.03
1.55
1.57
2x1
2.00
2.06
2.03
2.55
2.55
3.00
3.08
3.05

Table 111.—Compilath

Transverse
load

199
dia. —
203
566
600
1,191
1,275
1,917

1,022
3,450

2,450
7,725
5,975
2,085
7,170
12,267
15,667
27,450
21,450
18,173
35,517
45,067

Deflection.

0.73

0.49
0.275

0.276
0.123

0.34
0.165

0.118

Span.

24
18
12
12
12
12.
18
il
12

J. E. Fletcher—*“ F.T.J.,” July 21, 1927—11. J. B. Kommers—Proc. AS.T.M., 192‘im



Ai/ Data on Cast Irons.

yE
£5
42
iap

B8

110
160

—dit. Talbot—17.

W.», 18,23.

32,317
32,500
33,760
30,243
30,534
22,205
22,725
21,250

22,125

' 22,450

23,200
24,900
square
square
16,500

13,485
15,330
square
square
15130
11,561
14,270
square

Tensile
dia. pulled.

0.875

0.800
0.875

0.875
0.800
0.875

S .-o

5«2

6 °2
41,550 0.358
38,800 0.505
32,850 0.505
rectang le —
24,325  0.505
20,500  0.505

81

Brinell 3000 kg.

Rockwell B.

Per cent, steel.

No. bars
averaged.

W, JLotber anti V. ilazurie—Trans. A.F.A., 1926—8, 14,15, 19-22, 24, 25.
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Following this same method of checking the
actual strengths of castings with calculated
strengths, we cite helow six typical examples:—

Example 1 (above).—Actual tensile strength,
37,368; calculated tensile, 37,800.

Fig. 7c.

Example 2.—125-b. casting of uniform sec-
tion. Actual shear, 31,345 Ibs. per sg. in.;
average, calculated, 31,525.

Example 3.—730-Ib. casting, complicated
shape, uniform section. Actual tensile strength,
28,433 Ibs. per sg. in.; average, calculated tensile,
22,500. (Note.—Very small choke-gate was used,
samples cut from far side.)

Example 4. — 700-lb. casting, sections 1 to
Itj in.; actual tensile, 28,843 Ibs. per. sq. in.,
average, calculated tensile, 25,030.

Example 5.—325-lIb. casting. Actual tensile,
27,055 Ibs. per sg. in.; average, calculated ten-
sile, 26,000.

Example 6.—300-Ib. casting. Actual tensile,
22,250 Ibs. per sqg. in.,; calculated tensile, 21,250.
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All these examples were made on commercial
oastings, of reasonable complicated design, all
but Example No. 1 were cored castings, and
variations in section were those encountered in
sound engineering practice.  Although the re-

% CarAon +Ct3(fK S/V/coly

Fig. 7d.

suits above obtained represent direct tests we
have made, it is conceivable that greater varia-
tions may be found in practice. However, it is
believed that greater variations usually will be
explicable on comparison of the factors in-
fluencing the bars and castings under considera-
tion.

Calculated data were obtained from test bars
which, excepting Example No. 1, were not cast
on the same day as the castings, but were from
the same cupola and quite close to the same
analysis. As in Example No. 1, tests using
stress-strain diagrams, Brinell and shear were
made. Some of the calculated data were inter-
polated from curves. From consideration of
all these tests, the following opinions are justi-
fied.



84

Reasonable correlation of tests to the pro-
perties of the castings themselves must be estab-
lished or cast-iron research is futile. It is the
casting that the engineer designs, the manu-
facturer sells and the customer buys. These
men care little about the “ quality of the iron

tit * s

30

~on

«3

Y

é is 'ziOa,,%w*:%%_Bﬁ—m

in the ladle.” They are concerned only with
what they get, namely, the casting. However,
it is possible to tell a great deal about the
quality of the metal in the casting, as is evident
from the following considerations:—

(a) Many working properties of steel and
other metals are predicted regularly from tests.
Granting the limitations of the tests and the
difficulty of their exact interpretation, which,
by the way, applies to all materials, no one
would deny that great progress has been made
by use of tests. In a general way tests are used

every day to determine properties of commercial
metals.

(b) If in two or more cases exactly the same
grado of material is accorded the same or



equivalent treatment, the altered materials will
still be the same, one to another.

(c) Test-bars are castings of certain specified
shape and dimensions. If castings and test-bars
all of the same analysis and cooling rate are
poured at the same time from the same material,
one would expect to find similar metal in each.
The problems encountered are:—(1) to make

Deflection /n /nclies

Fio. 8.—Comparison of Stress-Sxrain Curves
of Various lrons.

test-bars whose cooling rates are like those of
the castings, and (2) to use common sense in
making allowance for peculiarities in design and
foundry practice—particularly those which may
promote shrinkage or other defects and those
which call for slow or fast pouring of castings.

(d) These points are borne out because the
foundryman of wide experience can take an
analysis and a result on one of the so-called
arbitration test-bars and many times predict
quite closely what the iron in the casting will
be like.

It then is possible to solve the second problem
—relationship of test results to the properties
of the casting. What is needed is co-operation
in accumulation and interpretation of sufficient
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data. Careful study must be made of test
methods. In the correlation shown in the
examples above, the general agreement becomes
more remarkable when it is considered that (a)
the metal flow in the castings may be slower
than in the bar; (b) that the machined tensile

C astSreec
0505“& ar TesteP

tifim erfe S fn lf)fl 7692§/'§7|)23‘r‘ m
U/‘fler%cf/ao ofArea 30
£x/r7el] (A5

/ Gasr /frow
! 1(’Bor Cosr-0555Bor Teste?
V Ir/m fte SIrrTgl/O 45600/¢ .persq. tr2.
ClorlgaSior? IV eglzg/fle
Srirel/l 230

Cast B#o*Z£
rso-m

vdf/org/ar/ar 29/72*
6r/r2el (500Ag) 65

NoTe fxrensomerer remareP Before OreaA.

0 a00/ 0.002 0003 0.004 0005 0.006 0007
Sfralr? Ir? 2-r? (Jagle Ler2g/f? /2 Zrrcfes

Fig. 9.— Stress-Strain Diagrams of Various

Metals.

bar is in case of the castings closer to the cooling
surfaces than in the tensile bars—thus neglecting
the well-known and demonstrated differences due
to cooling gradients of unlike sections of similar
volume/surface area relationship. This is most
apparent in larger sections.
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The usual commercial impracticability of the
French scheme of trepanning a small shear
sample from actual castings appears a barrier
to the widespread use of this method. In
America, attempts to get similar tests into
specifications for steel castings have been
opposed. There may be some merit in the idea
of cast-on bars for certain types of casting. The
work of the late George K. Elliott, Willard
Rother, and the writer demonstrate certain
objectionable features in the original Fremont
test. This test, as proposed, was hardly precise
enough for use in commercial specifications.
The machine did not seem sufficiently rigid and
the method of preparation of the test-bar by
a hollow drill is open to criticism. Accurately-
machined bars are an absolute necessity, and a
rigid and accurate machine is needed. The
test-piece proposed was too small to be repre-
sentative of the general properties of the iron.
On the other hand, the basic idea of the French
engineers is very good. With proper modifica-
tion, the shear test is quite useful in research
work.

It perhaps is possible to indicate the American
view point on several of the eleven questions
asked by The Foundry Trade Journal.

Transactions of various American associations
contain many discussions criticising attempts
made to draw practical conclusions from crucible-
melted metals. However, it is well recognised
that general metallurgical Understanding is
enhanced by such work, and that it is of decided
ultimate value.

No silicon-carbon summation results can be
used as a short cut to complete knowledge of
the expected properties of the metal. However,
they are useful if applied with discretion. Some
interesting relationships are implied in Figs.
7a to 7e, which show silicon-carbon summations
v.s. strength, and in Figs. 8, 9, 10 and 11. The
same applies to attempts at correlation of
Brinell values to tensile and transverse strength
—useful within limits, but no panacea.
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The present trend of thought seems to be that
control of amount and form of graphite is more
important than control of matrix alone. A
2.70 per cent, carbon iron of 0.60 per cent, com-
bined carbon possesses different properties from
a 3.70 per cent, carbon iron with 0.60 per cent,
combined carbon. However, neither factor can

I 1 1 1 1
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Tesfee/ on 0.50S" tier taken /root /2" bar as cas/.
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Fig. 10.—Tensile Stress Strain of Various
Grades of Cast Iron.

be ignored. The condition of the graphite un-
doubtedly is dependent on the nature of the
carbide resulting from influences of both com-
position and thermal history.

The work of the United States Bureau of
Standards sheds a great deal of light on the
lack of seriousness of the gas problem.© The
importance of this factor seems to have been

6 Jordan, Eckman & Jominy—The Oxygen Content of Coke
and Charcoal Cast Iron. Trans. A.F.A. Vol. 33, pp. 431-441, 1925.
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exaggerated unduly in former years.7 We refer

to dissolved gases, not to blowhole and incipient
shrinkage.

Ingotism is very important, yet more recog-
nised through inference than by direct refer-
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Fig. 11.— Qualitative Diagram of Section

Tensile Relationships.

ence. Macroscopic methods deserve more atten-
tion.
Internal stresses are being recognised in the

heat-treating  practices followed by many
American firms.*

7J. W. Bolton—~"The Foundry,” Aug. 15,1024, pp. 628-634.
8 O. W. Potter—Trana., A.F.A., Vol. 33, pp. 294-346, 1925.
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In presentation of this Paper, the writer has
attempted to have it in sympathy with the
present trend of American engineering and
metallurgical thought. As one daily concerned
in phases of practical operation in iron, steel
and non-ferrous foundries, practical rather than
academic motives possibly are more apparent.
On the other hand, it would be unfair to claim
that all of the ideas herein advanced represent
the unanimous opinion over here. In one matter
the writer can voice a unanimous sentiment.
The American Foundrymen’s Association, those
whom it represents, have the greatest respect
and cordiality for their fellow-workers across
the sea. As the years go by they confidently
hope and expect this feeling of good fellowship
to continue and to expand to mutual
advantage.

Supplementary Data to Eig. 4.

Coefficient of Expansion (average 70-1,000 deg. F.) —

f-in. test bar .. .. 13.27 X10° perdeg. C.
f-in. test bar .. . 13.25 wonm o om
1-in. turned to f-in. .. 12.49 wonm o om
2-in. » " m 1339 wonom
3-in. " " . 13.27

Growth (6 reversals, over 100 hours’ teat) m—
f-in. bar from 1.20 bar grows 8'8 in. per inch per
hour at 750 deg. F.
f-in. bar from 1.20 bar grows 0.589 per cent, in
100 hours at 1,000 deg. F.
125 times as fast at 750 deg. F.
Rockwell Uniformity—See Trans. A.F.A. 1928 (J. W-
Bolton, p. 469-512) —
B 46 (centre)
39

69 (edge)
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Drop Test—

Anvil 5 in. between supports. Hammer 20.*
- Started Times
Size. at Broke at struck.
In In.-lbs.

i 20 40 2

i 40 70 4
1 50 120 8
2 200 1,100 30

*Note.—The 2-in. bar was struck 28 times, advanc-
ing by 20-lb. increments to 740 in.-lbs., then raised to
1,000 and broke at 1,100 in.-Ibs.

Fatigue Limit:—
J. B. Kommers found the fatigue limit 11,800 Ibs.
on R. R. Moore machines.
Impact Value :—
J. B. Kommers, using a Russel impact machine,
12-in. span, found an impact value of 16.5 Ibs.
per cub. in., energy of rupture.

Discussion of Tensile Test Results from test bars from
ordinary cupola practice.

In general, there is a very good agreement between
all results, except that of Prof. Kommers on the ASTM
arbitration bar. In ease of the 1.0-in. size, Rother &
Mazurie stated that they used a 0.875 tensile bar.
No mention is made of special centring devices, and
it would seem hard to get a 0.875 bar with threaded
ends out of a 1.0-in. test-piece. ~ Bolton used a 0.505
bar, which is fairly small. On the 1.20 and 1.25-in.
bars, Bolton used a 0.686 bar, while Fletcher probably
had a 0.800-in. bar, which should be slightly stronger,
not quite so great a portion of the weaker centre. On
both 2-in. and 3-in. bars Bolton used a smaller test-
piece than Rother, which would explain a difference,
as experienced in heavy sections. As shown by the
writer (“ Iron Age,” Jan. 3, 1924) pouring temperature
has more influence on the large bars. Along this line
the following tests were made from a 2-in. bar.

Dia. tested Tensile.
1.38 14,021
0.800 13,485
0.505 12,875

Differences in moulding practice have much to do
with the soundness of metal. In bronze, same pattern
and pouring temperature, change to a smaller flask with
larger gate made 3,000 Ibs. average difference in tensile
strength.
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DISCUSSION.

The Paper was introduced by Mr. D. M. Aveyv,
who expressed regret that the author was unable
to be present at the Congress.

Future of American Research Forecast.

Mr. R. S. MacPherran (U.S.A.) said the day
would come when there would be a correlation
of bulk with the surface of castings. The
American Foundrymen’s Association was work-
ing on this matter, and a report of the Com-
mittee dealing with it would be presented in due
course.

Mr. R. F. Harrington (U.S.A.), referring to
the trepanning of specimens and the attempt to
correlate the results of tests on bars taken from
the castings and on cast specimens, said it was
becoming more fully realised that it was necessary
to use larger test specimens than had been used
hitherto, in order that the results obtained
might be more strictly comparable. He antici-
pated that the American Foundrymen’s Associa-
tion would be able to shed some more light on
that particular subject. He was glad that Mr.
Bolton had emphasised above all the fact that
they had to sell castings, and not test-bars, and
that they were concerned to turn out proper
castings by the adoption of sound foundry
methods.

Mr. J. T. Mackenzie (U.S.A.) said that the
work of the American Foundrymen’s Association
Committee on grey cast iron was concerned with
the examination of the properties of the iron
in the molten state, with the idea of determining
the properties which made for the production of
sound castings or otherwise. They had just com-
pleted some work of considerable magnitude on
the determination of the temperatures, and had
shown up the faults of the optical pyrometer in
that regard. Following that, they were engaged
upon a study of the shrinkage of cast iron in
the freezing range; if they were successful in
developing a test for that, it would be extended
to the contraction from the freezing point to



room temperature, which would include shrink-
age as we now know it. He could not emphasise
too strongly that the soundness of the casting
had more to do with the quality of the cast iron
than with the tensile strength of the test-bar.

Professor T. Turner (late Professor of Metal-
lurgy at the University of Birmingham, and
Past-President of the Institute of Metals)
acknowledged that the results put forward in
the Paper represented a very considerable
amount of practical work, and combined with it
an attempt at scientific correlation. In earlier
investigations of subjects of this kind we had
been content to say that a thing was good or
bad, or very good or very bad, and we had had
no quantitative values. We did not become
scientific until we could express many of the
properties in figures; at the same time, if we did
use figures, we must be very careful that those
figures were correct, because there was nothing
more misleading than a wrong figure. We had
recognised for many years the importance of the
rate of cooling of a casting; the attempt to cor-
relate bulk with surface—which, of course, de-
termined the rate of cooling—was very interest-
ing, and one felt that Mr. Bolton had made
a considerable advance in that direction.
Commenting on Mr. Bolton’s reference to the
value of crucible-cast synthetic mixtures, he said
that every scientific man recognised that those
could not correspond accurately with what ob-
tained in practice, in view of the many variables
that entered into the problem in practice, but
the great advantage of the study of the synthetic
mixtures was that we were able to eliminate a
number of the variables and to study one thing
at a time. Having learned one thing among a
number, we could gradually find the wider
truths.

Graphite should be Scientifically Classified.
Referring to the question of graphite, he said
the author had stated that the control of the
amount and form of graphite was more impor-
tant than the control of the matrix alone. In
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connection with the amount and form of
graphite, however, we had no quantitative value.
The form of graphite was sometimes very fine
indeed, like that of soot; some of it was in the
form of curved flakes, and some was in the form
of flat flakes. Those were simple kinds of
graphite, but there were also intermediate quali-
ties, each of which corresponded to entirely
different physical properties in the material,
and when describing graphite we should en-
deavour to state to which class it belonged, or
whether it was a mixture of more than one class.
Ledebur, who was a pioneer in this work, had
pointed out the importance of the finely-divided
graphite. But what did we mean by *“ finely-
divided graphite ”? Some of it was very small,
and could be seen only with the aid of a micro-
scope of very high power, whilst some was in
the form of flakes almost as large as one’s finger-
nail; there were other sizes between these two
extremes, and we ought to have some method of
classification. Some years ago he had classified
graphite by extracting it, purifying and drying
it, and passing it through sieves, and recording
that so much went through a sieve of one size and
so much went through another size. That was a
slow and cumbersome process, and we ought to
be able to classify graphite microscopically, and
to say, for instance, that some of it was larger
than 0.05 in., and that size we might consider
to be large. There were various grades above that,
however. Some graphite was smaller than
jij of an inch (0.005). We might classify in
terms of millimetres. Graphite larger than
1 mm. we might call coarse in an ordinary cast-
ing, and we might classify down to sizes as small
as 0.01 mm. Whatever the classification adopted,
however, we ought to have some method, not
merely of classifying graphite as being coarse or
fine or intermediate, but of stating that the bulk
of it was of a certain definite size; then we
should be able to compare the results obtained
by one investigator with those obtained by
another.



When Gas in Metal is Dangerous.

With regard to gas, he was glad that the
author did not regard it as serious, compara-
tively speaking. The effect of gas was serious
if that gas happened to come off during the
process of solidification so as to give rise to
blow-holes or spongy masses, which would de-
teriorate the casting, but otherwise the casting
seemed not to be effected, whether the metal
was melted in an atmosphere containing one gas
or another. It was somewhat analogous to
aerated water. When aerated water was en-
closed in a corked bottle, it looked like ordinary
water, but when the cork was removed there
was considerable effervescence. During the cool-
ing of a metal containing a gas in solution the
gas came off, and it was for the founders them-
selves to ensure that that gas came off quietly
and did not cause bubbles; so long as it did not
come off in bubbles he did not think they need
worry about gas.

The French View-Point.

M. E. V. Ronceray (France) expressed the
view that the Paper was a condemnation of the
use of test-pieces cast separately from the actual
castings. He was glad to note that the author
attached great importance to the soundness of
castings, because at the Foundry High School in
France the students were taught that the factors
which were of the greatest importance were (1)
soundness, (2) tensile strength or internal strain,
(3) strength of material, and (4) cost. It would
be noted that strength was placed third in order
of importance, and that soundness was placed
first. The problem of internal strain was very
important, because very often strains existed
where they were not expected, especially in cast
iron, and there were no scientific means of find-
ing out what stresses existed in castings. A
casting might be sound, and it might also be
made of strong material, but even so it
might be worth nothing. In a Paper by
the President of the Académie des Sciences,
it seemed to beproved thatthese troubles
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could be overcome by certain heat treatment.
If that were proved by prolonged experiment,
we should have made a great step forward.
With regard to the Fremont test, it seemed to
be the view of many people that this was a shear
test. The French Foundry Technical Associa-
tion had taken the trouble to print an issue of
its “ Bulletin,” in which was concentrated all
the Papers that had been published with regard
to this question, and if those Papers were read
carefully it would be appreciated that the shear
test was only one part of the Fremont test. The
ideal test was a bending test on a small sample
taken from the casting. Mr. Bolton had com-
mended the ball test, not as a final test, but as
a test of heterogeneity of the castings. There
was a tendency, however, to try to link all the
tests together, but it was well known that there
was no definite connection between the ball test
and the tensile test, for instance. It appeared
also that difficulty had been experienced in
taking small samples from castings, but those
who would take the trouble to read the Paper by
MM. Le Thomas and Bois on cast-iron testing
methods, which Paper was to be presented to
the Congress, would find that there was abso-
lutely no difficulty in that respect. The proof
of that was that the process described in that
Paper had been adopted by the French Navy a
few weeks ago, after a three-years’ test.

Melting Conditions of Paramount Importance.

Mr. J. G. Pearce (British Cast Iron Research
Association) said that the author had placed all
foundrymen in his debt by collecting together the
factors which influence the properties of the
capricious conglomerate called grey iron, as he
had done in this and his A.F.A. Paper at Phila-
delphia in 1928. It was particularly useful to
have the author’s results on a clearly-defined
set of experiments, because work on a haphazard
collection of tests did not make for scientific con-
clusions any more than stringing together a
collection of letters made words or of words,
understandable English. Everything lay in the



selection of the tests and the arrangement of
the results.

He said he could confirm without hesitation
the importance of the melting conditions, by
which he meant those conditions of charge-
constitution and furnace-running which affected
the structure, and hence the properties of the
metal other than the chemical composition itself.
Referring to the problem of volume—surface-
area ratio—he said he had carried out some work
on the mechanical properties of cylindrical bars,
and had tried to relate the strength of bars of
different thicknesses _to the diameter* and equa-
tions to the curves could be readily worked out.
They would, however, differ for each iron. The
cylindrical bar was a very simple casting, and if
one excluded the ends of the cylinder, which
were comparatively unimportant, the ratio of
volume/area was proportional to the diameter.
The ratio would work in simple cases, but in the
more complicated cases he was not so optimistic.
If one cast a flat plate, it would have a certain
volume/area ratio. If one cast it as a double
plate, i.e., with one-half turned over on to the
other half, sandwich fashion, the ratio would
remain the same, but obviously the two halve»
of the plate would affect each other in cooling,
and the structure of the metal would be
different. Thus, thetest results would be altered
very seriously, and he could not see how Mr.
Bolton accounted for the influence of adjacent
masses in a casting. This applied to all cored
castings. He (Mr. Pearce) was proposing to
proceed from a consideration of simple castings,
such as cylindrical bars, to slightly more
complicated castings, such as liners and
piston pots, and not immediately to the
more complicated cored castings such as
Mr. Bolton had considered. These con-
siderations made him 'less optimistic than the
author with regard to the use of the volume/
area ratio. Mr. Fletcher had used its reciprocal

* See “ Influence of Size of Section on Strength of Grey CaBt
Iron ” by J. G. Pearce, Proceedings, I.B.P., Vol. XXII.
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in 1918,* and Keep used it as far back as 1895.t
No very striking developments, however, had
originated from it. Again, he (Mr. Pearce) had
used the transverse test, which could be applied
at or very near to the cast size of the metal,
and he had tried to relate that to the tensile,
compression and other tests. Mr. Bolton was
compelled to machine his tensile and shear bars
to a comparatively small section, below the main
sizes of the test-pieces. This, of course, affected
the strength. He would also be limited in the
section of the bar he could actually test. Trans-
verse tests up to 5 in. thick presented
no difficulty, but tensile and shear tests
at this diameter did so. It would help
if Mr. Bolton would give details of the shear
test he wused. Presumably his “ calculated ”
tensile results were based on bars cast the next
day, having a cooling ratio as close as possible
to the casting which he was actually examining.

In conclusion, he said that British foundrymen
would very warmly reciprocate the sentiments
expressed in the concluding paragraph and look
forward to an increased interchange of informa-
tion in future.

Mr. w. Jolley, in a tribute to Mr. Bolton,
and in thanking him for having given in his
Paper a tremendous amount of information
which would be of great value to foundrymen,
said that the differences between the results
obtained in the laboratory and in the foundry
were sometimes very wide, and Papers such as
this, which assisted foundrymen in the correla-
tion of their test results so that the properties
of their castings might be predicted, were of
extreme value.

Raw Materials have their Significance.

Mk. J. E. Fletcher (Consultant, British Cast
Iron Research Association), after paying a
tribute to the American foundrymen for their
wonderful work on correlation, said that the Re-
search Association had been trying to correlate

* Journal, Iron and Steel Institute, 1918, No. 2.

t Transactions of the American Society of Mechanical Engineers
1895, Vol. 16.



as far as it could the various properties of cast
iron as influenced by cooling rate and composi-
tion. There was one phase of this subject, how-
ever, which was often left out of consideration,
namely, the effect of variable conditions during
the making of the foundrymen’s raw material,
pig-iron, in the blast furnace, which influenced
in such a serious fashion the ordinary casting.
Most practical foundrymen were only too con-
scious of the fact that irons of the same analysis,
when used in a cupola, often gave different
results. This matter had been touched upon hy
one of our American friends this year, and some
valuable work had been done in this connection.
He was one of those who believed that the con-
ditions at the beginning of things had a great
deal to do with the results obtained at the end,
and he suggested that the Institute should try
to obtain from the blast-furnace people a good
deal more information than they had hitherto
vouchsafed to the foundrymen. He was very
glad that Mr. Bolton had given particulars of
an actual casting at the end of his Paper, be-
cause, after all, it was the final casting that
mattered. Also, he was glad that it was a fairly
thick casting, because in the case of a thin cast-
ing the cooling ratio was fairly easy to apply.

Chemical Composition and Mechanical Properties

may be Unrelated.

Mr. John Shaw said the Paper was founded
upon two clear ideas: First, to classify irons
into various grades of composition, and secondly,
to correlate the physical properties of these
grades when melted and cast under known con-
ditions. For the purpose of the latter he had
sub-divided the factors influencing mechanical
and physical properties of grey cast iron under
four headings, (1) chemical composition; (2)
structural, mechanical and chemical make-up of
charge; (3) the melting process; and (4) the
thermal and mechanical history from furnace
spout to finished casting. This was a very large
order. If, to the specified grades in Table I,
there were added the four types of phosphorus
content, one arrived at a figure of 200 composi-
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tions, and many still believed that full know-
ledge would not be obtained until some such
scheme was tried out. The importance of the
first three headings of the sub-division was not
fully recognised. Some very illuminating work
had been carried out recently by Mr. Jolley and
his staff, and it was to be hoped that Mr. Jolley
could be persuaded, in the near future, to pre-
sent a Paper showing the various structures and
the methods of obtaining them.

Table IV contains three examples, from the
bottom, middle and top of a table containing
53 examples.

The chemical composition was practically the
same, yet the tensile results varied nearly 100 per
cent. The bars were all of the dimensions 14 in.
by 1 in. by 1 in., so that the surface area and
volume was the same. These results were
obtained by varying cupola practice, and alter-
ing charges and casting temperature. Other
factors might affect the physical properties, but
these experiments had thrown much light on
some of the reasons why chemical analysis did
not always fall into line with physical tests.
The expression of the relationship of volume to
surface area in definite terms was a new idea,
and would bear testing out. One did not realise
at first glance that if one had, say, a block of
iron 4 in. by 4 in. by 10 in., and transformed this
into a plate 16 in. by 10 in. by 1 in., the sur-
face area was increased from 192 sq. in. to 372
sg. in., while the volume remained the same.
This would give a different factor for each, that
might relate each to its proper bar structure.
There were objections to this, however. In a
large and complicated casting there might be
widely varying sections, and to calculate surface
area and volume of such a casting was not a
simple matter; the figure obtained would be an
average, and, after all, one would use an average
composition for such a casting, probably erring
on the hard side for the thin portion, to allow
for the annealing effect of the heavier section.

Referring to the test-results relationship, he
said he would not care to accept the tensile



102

result of a bar of the same composition as the
casting, if that bar had not been cast out of
the same ladle of metal ; neither would a shear
result converted into a tensile be acceptable.
W hilst it might be granted that under the very
closely controlled conditions specified by Mr. Bol-
ton, approximations in both cases were possible,
and their use for works information and research
of great value, these approximations would not
be acceptable to the buyer of the casting. It
must be remembered that in many cases the in-
spector or buyer had only the one or two simple
tests to rely on to give him some idea of the physi-
cal properties of the material. .Finally, Mr. Shaw
said that those who had read this Paper, together
with the one presented on the same subject a
year ago, could not but be grateful to Mr. Bolton
for the great amount of work he had done and
for the valuable information he had imparted.

Vote of Thanks.

The President (Mr. Wesley Lambert), pro-
posing a vote of thanks to Mr. Bolton, said that
he would be gratified by the discussion it had
evoked. The President agreed with the view
that, apart from the tensile strength or any
other mechanical-strength figures relating to a
casting, the most desirable thing was to have a
sound casting, free from internal stresses. The
buyer wanted a casting which he knew to be
sound and free from internal stress, but it was
also necessary to know the strength, to enable
the designer to design his parts; therefore, any
attempt to correlate the information obtainable
by any means was of value. He proposed,
formally, a hearty vote of thanks to Mr. Bolton
for his Paper and to Mr. Avey for having pre-
sented it.

Me. J. G. pPearce, who seconded, said he
looked forward to the opportunity of studying
the Paper, together with the discussion upon
it, when published.

The vote of thanks was carried with acclama-
tion.
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THE INFLUENCE OF GRAPHITISATION OF
CAST IRON.

By Professor E. Diepschlag.

[German E xchange Paper.]

At an International Foundry Congress held in
Paris in 1927, M. André Levil made a remark-
able statement as to the transmission of proper-
ties in cast iron. Proceeding from the well-
known fact that two different samples of cast
iron of the same chemical composition often have
very different mechanical properties, he estab-
lished that, in addition to the chemical analysis
of a metallic material, some other characteristic
factors must be derived to predict it exactly,
and in the case of cast metals the previous
thermal history must especially be taken into
consideration. By this, the rate of heating of
the material, the degree and time of superheat-
ing and the rate of cooling is understood. The
chemical composition and the previous thermal
history are, in many cases of metal alloys, two
independent values, and for a given chemical
composition the mechanical properties may be
predicted when the earlier thermal history is
known.

However, in grey cast-iron materials, these two
determining characteristics are not independent
of each other, as it is nearly impossible to
modify the speed of cooling, for example, with-
out at the same time changing the chemical
composition. The carbon present in a cast iron
is determined by chemical analysis to exist
partly as graphite and partly as combined car-
bon, and the proportion of these two parts is
modified in relation to the thermal conditions.
In the case of cast iron of a given chemical com-

1 André Levi, “ L'hédérité des fontes, La fonderie moderne,”
1927, page 399. Extracted Foundry Trade Journal, page 42,
vol. xxxvii.
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position, the mechanical properties are not ex-
clusively determined by the previous thermal
history; therefore, a new value must be con-
sidered—peculiar to cast iron—which is recog-
nised by Levi as a transmissary property. This
third value is caused by the influence of the
thermal history on the chemical composition
and the chemical reaction of the alloy under the
influence of heat.

An Explanation of Inherent Properties.

For the separation of crystals from a saturated
salt solution, it seems possible, in reference to
the size of the separating crystals, to produce
a forced crystallisation.  Thus, if the first
crystals appearing or actually present are very
small, the later separating crystals will be small
also, and vice versa. Therefore, if a cast iron
having coarse-grained graphite prystals is melted
and then cooled down, the remelted sample will
have similar coarse-grained graphite deposits,
unless, through a high superheating, the nuclei
are totally destroyed. In most of the common
remelting processes the superheating tempera-
ture and time is insufficient to destroy the
nuclei completely. Consequently, a remelted
cast iron is associated with coarse-grained
graphite if the original material was so con-
stituted. On the contrary, when remelting
cast iron having fine-grained lamellae, they are
again found in the alloy after remelting. Thus,
the structure of a pig-iron or scrap used for
remelting purposes is largely reproduced in the
final product, and in this sense the term *“ trans-
mission of properties ” may be used.

If one tries to reconcile the chemical composi-
tion of an alloy and its mechanical properties
generally, there is only a qualitative relation-
ship between the amounts of the constituents
and these properties. In the case of cast iron,
however, the influence of graphite heavily pre-
dominates all other constituents. It is true the
development of the matrix to perfect the
mechanical properties has attracted much atten-
tion during the last few years, and the'steps



taken to obtain a ferritic or pearlitic matrix
have been very fully outlined. But, in this con-
nection, it was recognised that all improvements
of the matrix are masked by the existence of
more or less large quantities of graphite being
distributed throughout the mass in diverse
orientations.

Overcoming Inherency.

P. Bardenheuer and K. L. Zeyen2 established
from their experiments that an annealed chilled
cast sample had better mechanical properties,
even though it had a ferritic matrix, than a
sand-cast sample having a pearlitic matrix.
They postulate from this that the structure of
the metallic constituents is only of minor import-
ance in relation to the mechanical properties of
grey cast iron, and that, in the main, the form
and the distribution of the graphite is decisive.
Thus, with regard to the quantity, the form and
the distribution of the graphite, only after the
most favourable conditions are created, the
question of the formation of the matrix becomes
important.

So if, on the one side, the relationship between
the mechanical properties and the chemical com-
position really refers to the ratio between these
and the quantity and form of the graphite, and,
on the other hand, as postulated, a transmission
of the structure of the pig and scrap iron taking
place in normal remelting methods, founders
must study these metallurgical questions, not
merely as to the final product, but with similar
assiduity to the quality and properties of the
metallic raw materials employed. The most
important raw material in this case is the pig-
iron. This must not only be evaluated accord-
ing to its chemical composition, but rather with
reference to the type and quantity of the
graphite content. The graphite is mainly re-
sponsible for the tensile strength, and these pro-
perties are modified by remelting—only slightly,
never completely.

2 P. Bardenheuer and K. L. Zeyen, “ Stahl und Eisen, 8 (1928),
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How Blast-Furnace Conditions affect Final Product.

During smelting in the blast furnace, after
the reduction of the iron ores, the metal mainly
dissolves the carbon in the zone of highest tem-
perature, that is, in the furnace hearth. It may
be supposed that in the neighbourhood of the
tuyeres the iron is nearly saturated with car-
bon. During the dropping of the iron to the
bottom of the furnace a re-separation or rhe
carbon begins whilst the pig-iron is still in rhe
furnace. OIld blast furnaces making foundry
pig-iron often show, after blowing out, a quan-
tity of graphite on the hearth lining. In other
cases it is possible that, by the reduction of sili-
cates or MnO and FeO in the slag, the carbon
dissolved in the iron is partly eliminated in the
hearth, and, as these new constituents are added
to the iron, a saturation with carbon does not
take place in the furnace. However, this satura-
tion point possibly may be decreased during
further cooling after the pig-iron is tapped.
During tapping, the iron precipitates its
graphite, which in consequence of its low specific
gravity and size of the crystals, comes up to the
surface. Recent investigations, carried out by
A. Michel3at some German blast-furnace plants,
have resulted in pig-iron to-day being produced
at these plants in all cases in the hyper-eutectic
condition. That means that the separation of
graphite is controlled to take place in the liquid
charge. The separation of graphite takes place
in these qualities of iron along the liquidus line
of the iron-carbon diagram, and should theoretic-
ally terminate there if the alloy is of the eutectic
composition. However, under-cooling the charge
causes a removal from this point, and probably
in pig-iron there is no eutectic point at all, be-
cause it is not the true binary iron-carbon
system. At elevated temperatures the charge
is thinly liquid, and the separated graphite
rises to the surface; at lower temperatures the
rising of the graphite is retarded, only a part
of it reaching the surface ; the other part remains

5A. Michel, “ Stahl und Bisen,” 47 (1927), page 696.
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in the charge until solidification, and so this
graphite becomes a constituent of the alloy.
These graphite crystals have their origin in the
liquid charge, and so they increase without
hindrance. They are visible in the structure as
well-defined entities existing in roughly straight
lines. In all alloys with a solidification interval
there takes place first the separation of mixed
crystals in hypo-eutectic alloys and of cemen-
tite in hyper-eutectic alloys, and, finally, with
the complete solidification the separation of the
eutectic mixture. The quantity of each consti-
tuent is definitely determined by the position of
the alloy in the solidification diagram. At the
same time, when the eutectic mixture is
separated, in most of these alloys a certain part
of graphite is formed, so that in the solid solu-
tion of the alloys the carbon exists partly as
graphite. The quantity of graphite as against
the quantity of combined carbon cannot be de-
finitely determined in advance. Apart from
experience, several influences do regulate these
quantities of graphite.

Influence of Remelting.

Finally, in the solid solution, the quantity of
graphite can rise, because the solubility of the
carbon decreases with lowering temperature, and
the carbon is separated partly as carbide and
partly as graphite. Again, the relative quan-
tities of graphite and cementite cannot be
accurately predetermined, as it is varied by
several influences. During the cooling down of
the pig-iron from the liquid state to low tem-
peratures, graphite is separated at different
ranges of temperature. Thus, if the pig-iron is
hyper-eutectic, there will be large graphite
aggregations, most of which come up to the
surface, but a small part is enclosed in the solidi-
fying mass; there will be thin graphite during
the passing from the solidification interval to
the solid solution from the eutectic mixture,
and, finally, fine graphite as the carbon is pro-
gressively separated out of the solid solution.
Here it should be noticed that the separation
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of graphite out of the liquid mass only takes
place if the iron cools down once. If such an
iron is remelted, these large graphite aggrega-
tions rise to the surface and are not trapped in
the mass during the solidification of the charge.
If hyper-eutectic grey cast iron is melted in a
crucible, kish may be clearly observed covering
the surface of the charge. During the cooling
down of such a charge, graphite is only separated
when the temperature passes the solidus line in
the diagram and again in the region of the solid
solution.

Graphite and Combined Carbon Content Control.

The relative quantities of graphite and cemen-
tite cannot be predetermined exactly by refer-
ence to the eutectic and the solid solution lines,
being dependent upon several diverse factors.
Supposing that in iron-carbon alloys the iron-
carbide system and the iron-graphite system are
co-existing, this case is one of those where the
constituents present are gravitating towards
two different equilibra. The positions of both
equilibria are known for the binary iron-carbon
system. In these cases generally, neither
the one equilibrium is attained nor the
other, but usually a labile state is existing lying
between the two equilibria. Through special
influences, the position of this state can be re-
moved to the one or the other side. The
strongest influence has proved to be the rate
of cooling, in such a manner that, with decreas-
ing rhte of cooling, the quantity of graphite
increases. Besides this, other influences, such
as that of the different normal constituents of
grey-iron alloys, have been investigated in de-
tail, so that it is possible to-day to give exact
statements in this connection.

Analysis and Mechanical Properties.
Having established the possibility of influ-
encing the degree of graphite separation, at
least in a qualitative manner, by regulating the
rate of cooling and by adding suitable quantities
and kinds of alloying elements, the relation



109

between the analysis of the resultant alloy and
its mechanical properties are still indeterminate.
All that analysis shows is the weight of the
graphite in a unit weight of the iron alloy, but
it is not possible to find out by analysis how
many lamella; are contained in a unit volume
of the alloy. The alignment of each individual
nida; are certain sizes of these nida; prevailing,
and are the graphite nidse equally distributed
throughout the mass. The elucidation of these
questions would give a more exact relation
between the structure of any grey-iron alloy and
its mechanical properties than is determined by
the usual chemical analysis. These questions
assume wide importance if; according to Levi,
the size of the crystals is transmitted after re-
melting. The relationship between the size of
grains of the graphite in a grey-iron alloy and
its mechanical properties have been determined
by experiment by Bardenheuer,4 who controlled
the size of graphite grains in his samples by
modifying the rate ,of cooling. He cast different
test-pieces of normal size with coarse-grained,
very coarse-grained and very fine-grained
graphite separations. These tests showed that
the finest graphite gave the best conditions for
the production of the most favourable mechani-
cal properties.

Controlling Graphitic Structure.

After these determinations it appears to be of
importance to ascertain under what conditions
the graphite is separated in fine or coarse grains
and if it is possible to influence the separations
arbitrarily. To ascertain these, the process of
separating may be again considered. If the
charge passes because of the lowering of the
temperature from the liquid to the solid solu-
tion, the separation of the graphite takes place
in the same manner as the crystallisation of any
other liquid mass having constituents in solu-
tion. In a homogeneous charge existing in the
liquid state, primarily during the cooling down.

4 Bardenheuer, “ Stahl und Eisen,” 7 (1927), page 857.
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nuclei appear in the region of increasing speed
of crystallisation growing into crystals. The
size of these crystals depends upon the speed of
growth, the period, the existence of neighbour-
ing crystals of the same or a foreign kind, and
the conditions of concentration of the liquid.
Crystals of the same kind unite if their neigh-
bouring position is favourable. If in hyper-
eutectic alloys graphite separations are already
present, they are the starting points of further
crystallisation. If in eutectic alloys, within a
small interval of temperature, the nuclei exist
and at the same time the rate of crystallisation
is high, crystals grow, the size of which depends
upon the number of nuclei, and if its degree of
undercooling is low. However, if numerous
nuclei appear later, when the rate of crystallisa-
tion is slow and the liquid charge is highly under-
cooled, there will be numerous small crystals.
In these relations the influence of the rate of
growth of the crystals and the number of the
crystals on their size is clearly explained. The
influence of time is also perceptible, the longer
this period, that is, the passing from the liquid
to the solid state, the more the crystals that
can grow or unite with neighbouring crystals.
The conditions of concentration also influence
the amount and the number of the graphite
separations, and the growth of the crystals is
hampered the greater the quantity of the mixed
crystals there is in the solidification interval.
Moreover, the time of passing from liquid to
solid diminishes with the increasing content of
mixed crystals. If the composition of the alloy
is not far from the eutectic concentration, then
the graphite separations must become fine.

a and 3 Graphite.

The graphite in the solid solution is the result
of the gradual transformation of the austenitfe
into martensite and the consequent decrease of
the solubility of carbon. The separation of the
carbon from the solid solution gives partly
cementite and partly graphite, and generally it
spreads out reticularly in the alloy, probably



favoured by the expansion of volume which is a
characteristic of this transformation, and the
graphite separations mainly originate in the
nide of this network structure. The quality of
this graphite differs from that separated
primarily as well in its constitution as in its
physical properties. W. A. Roth established
that graphite in pig-iron is a modification which
he calls /8-graphite, and the graphite which is

Fig. 1.

separated out from the solid solution differs from
this, and is identified by him as a-graphite.
Both modifications differ in their ignition tem-
peratures and in their specific gravity.

Importance of Nuclei.

In the solidification of pig-iron, the number
of mixed crystals and their mextent depends upon
the number of nuclei, which latter are influenced
by certain inherent conditions. The number and
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size of ausbenite crystals especially depends upon
the rate of cooling of the mass; if it is slow, a
number of well-developed crystals will grow, but
if it is rapid, however, a greater number of
smaller crystals of irregular form grow. The
graphite crystals, being separated during the
solidification of the remaining liquid mass, will
grow (according to Bardenheuerb at every
crystal face with about the same rate of crystal-

Fig. 2.

lisation, assuming them to be separated, until
near the solidification point, if liquid is still
present. However, with an increased under-
cooling, remarkable differences in the growth
from the single faces of the crystals are
observed. The faces, having a greater rate of
crystallisation,.restrain the others which grow
more slowly, the crystals having inferior facets

6 Bardenheuer, “ Stahl und Eisen,” 47 (1927), page 861.
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because of retarded growth in one or two direc-
tions. In the first case, with slow cooling and
slight under-cooling, the graphite crystals grow
to rounded grains. In the second case, with a
serious under-cooling and a higher rate of cool-
ing, graphite crystals grow in the form of thin
leaves of varying size. These small leaves sur-
round the surface of the existing austenite

Fig. 3.

crystals and have a twisted form, which in
section is worm-like.

i Situation Summarised.

The form and quantity of the graphite crystals
in pig-iron can be differentiated in the following
manner:— (1) Graphite in large straight plates
(hyper-eutectic graphite) separated whilst the
major portion of the mass is liquid; (2) graphite
in compact rounded grains separated near the
eutectic line if the rate of cooling is slow and the
degree of under-cooling is slight; (3) graphite
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in thin leaves, with spirals corresponding to the
surface of the austenite crystals, and separated
in condition of under-cooling; (4) graphite in a
very fine state and equally disseminated (eutectic
graphite) separated if the constitution of the
alloy is favourable ; and (5) graphite in soft and
porous flakes, often adjacent to the cementite,
and separated from the solid solution during
cooling.

Fig. 4.

Identification of Graphite Types.

These different kinds of graphite may be recog-
nised on the surface of pig-iron microsection.
However, they are not usually separated under
their “ favourable ” conditions, and, therefore,
all sorts of varieties and transitional states may
be found; they are not always seen in their well-
defined forms, and sometimes it may be difficult
to recognise the kind of graphite, especially as
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quite often in iron alloys not merely one kind
of graphite but several exist. For instance,
K. Ishikawa has described two types of graphite
in cast iron which he designated as platy
graphite and graphite in whirl. The graphite
in whirl, he says, is the most desirable kind for
cast iron, because it has a moderate strength
and its structure is very homogeneous through-
out the whole casting. To produce this strue-

Fig. 5.

ture Ishikawa suggested a composition contain-
ing about 3.2 per cent C and 1.7 per cent. Si.
This bind of graphite is identical with the
graphite in thin leaves. M. Hamasumi6 has
studied the question of the origin of the graphite
in whirl, with the result that this structure is
not alwavs assured even if the indications of

6 M. Hamasumi, “ Sc. Rep. Ser. |.” vol. xiii, Xo. 2. See
Foundry Trade Journal, page 71, etseq,, vol. xxxii.
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Ishikawa are closely observed. He supposes,
therefore, that there are still other in-
fluences operating, and he refers to a
Paper of K. Honda and T. Murakami ,
who stated that gas, especially carbon
monoxide, plays a part in the separation of
graphite. One of theresults of Hamasumi is
that there are two kinds of curly graphite,
graphite in whirl and a worm-like8 graphite. He
says the one or the other is separated according

Fig. 6.

to the rate of cooling. It may be seen by this
that these authors already saw the possibility
of recognising different kinds of graphite.

Now it would be very valuable to have a
method of determination available by which the
different kinds of graphite could be recognised

7 K. Honda and T. Murakami, “ Sc. Rep.,” vol. x. No. 4.
8 Kikume. Ed. Foundry Trade Journal.
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and quantitatively determined. The analytic
method for the determination of graphite only
allows the evaluation of the total quantity of
graphite contained in the alloy. All experi-
ments to isolate the single crystals of graphite
out of the alloy were abortive, and thus it has
been impossible to measure the size and quantity
of the crystals, or, for example, to derive a basis
for the measurement of size, form and number

Fig. 7.

of the crystals prevailing in the alloy. Dr.
Franz Roll3 determined the size and form of the
graphite crystals by observing on the surface
of a microsection some single lamellse of
graphite by measuring their size and position
and after removing a thin layer remeasuring
and so on until he ascertained the whole size

» “ Die Giesserei,” 1928, page 1270.
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of the crystal. As a result, he was able to
determine by this method the space occupied by
the graphite. This method may certainly throw
light on this question, but it cannot generally
be employed because it is too laborious.

Experimental Evidence.

Therefore, an attempt had to be made to
supply an explanation of the graphitic structure

Fig. 8.

from its appearance under the microscope after
the manner of Hamasumi. To make an experi-
ment for recognising and determining the
different kinds of graphite, it was first tried to
make samples containing the graphite in specific
well-defined forms, and this was done initially
without considering the means which had to be
employed.
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Fig. 110 is a microsection showing well-defined
platy graphite. This graphite interrupts the
metallic structure of the alloy in an important
manner, and it seems probable that it is
separated when the mass, or most of it, is still
liquid. This structure is obtained, as the
author’s experiments have shown, if the iron
cools down slowly under an argillaceous slag.

Fig. 9.

The plates of graphite are larger and better
defined as the rate of cooling is slow.

Fig. 2 illustrates a sample having the graphite
in thin leaves. To obtain this structure a
certain relationship between the composition of
the alloy and the rate of cooling must be deter-
mined. It is not easy to state with existing

10 All the microphotographs shown are magnified to 120 dia-
meters and are unetched.
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knowledge an exact relation between these two
factors.

Fig. 3 shows a microphotograph of an alloy
of the same composition as Fig. 2, except that
before casting 2 per cent, of copper was added.
The graphite is present as thin, crooked leaves,
but in addition there are numerous nide of
graphite.

Fig. 4 shows the graphite in its finest distri-

Fio. 10.

bution, that is, the graphite eutectic. To obtain
this structure, a chemical composition of the
alloy confined within certain limits is necessary,
but personal experiments have shown that there
are other obscure conditions to be taken into
account.

After having created these standard forms,
attention was next directed to the question as
to whether the grey qualities of blast-furnace
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smelted pig-iron show a graphite formation on
the surface of a microsection similar to those
of the standard forms. A large number of
samples from different blast-furnace plants were
procured and examined, with the result that the
majority did not permit of a rational classifica-
tion as to whether several kinds of graphite were
co-existing. Difficulty was thus presented in de-
ciding which was predominating, or whether the

Fig. 11.

graphite was a transitional product, however,
an exact characterisation was deemed to be use-
less. A certain number of specimens did show
a characteristic structure, and a selection of
these are included in later illustrations.

Interesting Structures from Diverse Sources.

Fig. 5 shows a micro of a sample of a Swedish
charcoal pig-iron containing C 4.2, Si 0.64, and
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Mn 0.1 per cent. The graphite is in thin, curly
leaves. A similar structure is shown in Fig. 6,
which is a sample of pig-iron produced in a
small blast furnace.

Fig. 7 illustrates a sample of an English pig-
iron containing C 3.32, Si 3.28 and Mn 0.58 per
cent. Besides graphite in thin leaves, globular
graphite is also seen. A similar kind of struc-
ture is shown in Fig. 8, a pig-iron with Si 2.64

Fig. 12.

per cent., from a German plant. A noteworthy
microsection showing platy graphite is repro-
duced in Fig. 9. Fig. 10 shows the structure of
an Indian pig-iron with well-defined eutectic
graphite.

Condition of Graphite and Transverse Strength.

No doubt the mechanical properties of these
alloys are definitely dependent upon the type of
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graphite contained in the structure of the alloy.
Platy graphite very largely interrupts the
metallic continuity of the alloy, and samples
with graphite of this type will have very low
strength properties.  The strength values in-
crease with an increasing refinement and curli-
ness of the graphite. As an illustration, some
examples from practice may be cited. Test-
bars, 650 mm. long by 30 mm. dia. (26 in. by

Fig, 13.

1.2 in.), were cast and tested in the usual
manner. The first test-bar contained graphite
in platy form, as shown in Fig. 11. This struc-
ture was obtained by melting the alloy under an
argillaceous slag and cooling it down slowly.
The second test-bar contained graphite in the
form shown in Fig. 12, that is, in curly striae.
The structure of the third bar is shown in
Fig. 13. It was obtained by a still slower cool-
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ing than previously. The striae are thinner.
The rate of cooling, which must he controlled to
obtain these desirable thin striae of graphite,
depends upon the chemical composition, and
must be found by experiment. The results of
the test are set out in Table I.

The result of all these investigations is that
often, in various qualities of grey pig-iron, a
certain type of graphite prevails in the struc-
ture, and that the kind of graphite separation
strongly influences the mechanical properties.
If, now, as has been previously stated, a trans-
mission of the properties of the pig-iron to the

Tabte |l.—Influence of Type of Graphite on Mechanical
Strength.
Test Deflection Transverse
3 Type of graphite. - strength in
bar. yP grap in-mm. kgs. sg./mm.
| Platy (Fig. 11) 17.5 23.5
2 Curly (Fig. 12) 121 42.0
3 Fine eurly (Fig. 13).. 12.3 47.3

remelted cast iron can be postulated, full atten-
tion must be directed to the kind of graphite in
pig-iron as well as in the cast iron itself.
Normally, a poor structure in the original pig
results in a very slightly improved structure in
the cast iron using the normal every-day remelt-
ing processes. This explanation conforms with
practice, that is, the qualities of grey pig-iron
produced in various plants and of the same
chemical composition sometimes give, after a
remelting, a cast iron of varying qualities. It
is the structure, especially the type of graphite
in the pig-iron, which is the cause of these
differences being not perceptible from the result
of chemical analysis. In consequence the
evaluation of the quality of pig-iron must in-
clude the type of graphite present.

Result of Sequestration of Foundries.

When making pig-iron for foundry use, blast-
furnace men not only have to ensure that they
fulfil the desired chemical composition, but also
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to endeavour to produce a pig-iron with the
most favourable structure for foundry purposes.
No doubt, in blast-furnace practice, managers
have several means at their disposal to influence
the structure of the pig-iron, not only by regu-
lating the speed of cooling of the pig-iron, but
by certain measures in the furnace practice
itself. As shown above, rate of crystallisation,
the number of nuclei and degree of under-
cooling of the mass play a decisive part in the
development of the structure, not only in re-
gard to the graphite itself, but also for all other
metallic crystals. No doubt, these influences
have no constant value, but are governed by
certain laws; for example, speed of cooling,
number and kind of constituents, and perhaps
others. Honda, as well as Bardenheuer, have
stated that gas contained in the liquid charge
plays a certain part during the crystallisation.
Moreover, it seems evident that the kind and
composition of the graphite influences these
crystallisation processes. It is a fact, known to
blast-furnace men, that pig-iron produced with
a slag rich in lime is very coarse grained, whilst
those made under a slag rich in silica is fine
grained. It seems that an argillaceous slag also
influences the structure of the alloy in a sense
that platy graphite predominates. As experi-
ence shows that the fine curly graphite often
occurs in pig-iron alloys produced in charcoal
blast furnaces or in small furnaces, it seems
probable that still other influences, such as the
temperature of the blast, the temperature in the
hearth or the period of the working of the
charge, are important.'

The experience that the quality of the pig-
iron is not solely expressed by chemical analysis
has long been well known when blast furnaces
and foundries were a composite plant. This
phase lost its force when, through the growth of
industry, the sequestration of blast furnaces and
foundries gradually took place. To-day, direct
contact between pig-iron manufacture and the
quality of cast iron must be re-established.
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WRITTEN CONTRIBUTION.

Dr. A. L. Norbury (British Cast Iron Re-
search Association) wrote that he was greatly
in sympathy with the author when he stressed
the important effect that the size and number
of the graphite flakes in the pig-iron used had
on the size and number of the graphite flakes in
the resulting casting. He had expressed some-
what similar views in a Paper the previous
month to the Iron and Steel Institute.*

By suitably varying the melting conditions
(in crucible melts) it was possible to produce at
will castings containing very coarse graphite
flakes or, alternatively, castings containing the
fine kind of graphite that the author -called
eutectic graphite, and to produce both types
from a given pig-iron without any material
alteration in chemical composition. He did not
find, however, that refining the graphite in-
creased the strength in all cases. For instance,
in pearlitic castings, refinement of the graphite
beyond a certain stage resulted in the produc-
tion of ferrite in place of pearlite, and this
lowered the strength more than the refining of
the graphite increased it.

Prof. Diepschiag, in reply to Dr. Nor-
bury’s contribution, wrote that, consider-
ing the relations between the structure
of a section of a grey-iron alloy and its
mechanical properties, it must be borne in mind
that one sees only the surface of the picture,
or a small area of the test-bar. That is only a
small part of the whole material, and the con-
clusion may not be quite true in all cases that
the structure seen in the section must necessarily
represent the whole specimen. The average
results of a certain number of tests only give
the correct approximation of these relations.

He thought it quite probable that with a
certain degree of distribution and refinement of
the graphite—especially graphite in eutectic
form—the mechanical properties of the metallic

* Journal, Iron and Steel Institute, Vol. CXIX, p. 113.
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crystalline bodies prevail over those of the
graphite-, and give the alloy its character. It is
very useful that Dr. Norburv has ascertained the
limit of the prevailing influence of the graphite,
because it is just in this region one would ex-
pect to find the grey-iron alloys with both the
best mechanical properties and good pouring
ijualities.



128

THE INFLUENCE OF CHROMIUM IN CAST IRON.
By J. W. Donaldson. D.Sc., A.l.C. (Associate Member).

Introduction.

In a recent investigation carried out by the
author, and presented as the French Exchange
Paper on behalf of the Institute of British
Foundrymen in 1928,1 the influences of total
carbon, silicon, phosphorus and manganese
respectively on the carbon decomposition and
volume changes of cast iron were determined.
These investigations were continued to deter-
mine the influence of various special element-
additions, and in the present Paper the influence
of chromium on heat-resisting and other pro-
perties is considered.

The use of chromium in cast iron was first
experimented with by Keep,2 who added chro-
mium to the extent of 2 per cent.,, and found
that there was a slight increase in strength up
to 1 per cent., then a decrease, while the shrink-
age was increased when less than 1 per cent, was
added. Campion,2in a later investigation, found
that 1 per cent, of chromium increased the
strength and hardness, and also the amount of
combined carbon. Hurstl states that in an iron
containing 1 per cent, of silicon an addition of
0.9 per cent, chromium rendered the fracture
quite mottled, and that 4 per cent, added to an
iron containing 1.5 per cent, silicon rendered the
fracture perfectly white, and that drastic anneal-
ing at 900 to 950 deg. C. failed to produce
graphite.

Smalley,5 in his systematic investigations with
special element additions to cast iron, added

1 J. W. Donaldson, Bull, de I'Assoc. Tech. de Fonderie, 1928
vol. 2, p. 257.

2 W. J. Keep, “ Cast Iron," 1916, p. 212.

J A. Campion, “ Foundry Trade Journal,”™ 1918, vol. 20, p. 467.

4 J. E. Hurst, Metallurgy of Cast Iron, p. 139.

i O. Smalley, Proc. Inst, of Brit. Found., 1922-23, vol 16

95.
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chromium it- ordinary grey cast iron and to
cylinder iron. The influence of chromium addi-
tions of 0.11 and 0.15 per cent, respectively was
to increase the strength and hardness slightly,
while with the larger addition of 0.78 per cent,
to the ordinary iron the tensile strength fell, the

Duration G Heariris - Hbours.

Fig. 1.—Heat Treatment at 450 deg. C.

transverse strength was affected slightly, and the
Brinell hardness increased. A similar addition
of chromium to the cylinder iron produced an in-
creased transverse strength and Brinell hard-
ness, but little change in the tensile strength.
Experiments by Piwowarsky6 show that with up

6 E. Piwowarsky, “ Foundry Trade Journal,”™ 1925, vol. 31,
pp. 331-34, 345-46.
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to 0.5 per cent, of chromium the strength and
shock-resisting properties of cast iron are in-
creased to the extent of about 10 per cent., while
the hardness increases from 20 to 25 per cent.
HamasumiV investigations show that the addi-
tion of 0.4 per cent, of chromium raises the ten-

D urrtioh Of Hertihg - Hours

Fig. 2.—Heat Treatment at 550 deg. C.

sile strength of cast iron from 16.5 to 22.8 tons
per sqg. in. without materially altering the struc-
ture, and that cast iron is not rendered brittle
by chromium up to this amount.

The results of these investigations establish
denitely that 0.5 per cent, of chromium in the

7 H. Hamasumi, “ Foundry Trade Journal,” 1925, vol. 32, p. 71,
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presence of 1 to 2 per cent, of silicon increases
the tensile and transverse strengths and the
hardness of grey cast iron. This increase is
brought about by the chromium preventing the
formation of graphite and producing a more
stable double carbide of iron, and chromium.
W ith the exception of Hurst’s work, however,
little has been done on the heat-resisting proper-
ties of chromium cast irons, and it was with
those properties and the thermal and corrosion
properties that the following experiments deal.

Tabte |.—Analyses and Tests.
Mark. P Crl Cr2 Cr3 Cr4. Crb5.

T.C., per cent. 3.16 3.19 3.17 3.16 3.24 3.21
C.C., per cent. 0.68 0.70 0.93 1.13 1.25 153

Gr, per cent. 248 249 224 2.03 199 1.68
Si, per cent. 148 142 140 142 1.60 1.48
S, per cent. 0.054 0.049 0.040 0.07 0.058 0.041
P, per cent. 0.70 0.70 0.69 0.68 0.77 0.66
Mn, per cent. 0.97 0.96 0.97 1.00 0.95 0.95
Cr, per cent. Nil 0.20 0.39 0.66 0.78 0.90
M.S.,tons per sg.in. 16.6 17.0 18.4 17.8 158 134
Br. NO...ooooeirrinne 223 235 248 255 262 277

Cast Irons Used.

To an ordinary cast iron containing approxi-
mately 3.20 per cent, of carbon, 1.5 per cent,
silicon, 0.7 per cent, phosphorus and 1.0 per cent,
manganese, chromium was added to obtain a
series of irons containing 0.20, 0.39, 0.66, 0.78
and 0.90 per cent, of chromium respectively.
The exact composition of these irons and the
plain iron, together with their tensile strengths
and Brinell hardness, is given in Table I.

As the chromium increased up to 0.39 per cent,
the tensile strength increased from 16.6 tons to
a maximum of 18.4 tons, decreasing with further
chromium additions to 13.4 tons with 0.90 per
cent, chromium. The Brinell hardness increased
uniformly from 223 in the plain iron to 277 in
the 0.9 per cent, chromium iron. The irons con-
taining over 0.4 per cent, chromium have a
mottled fracture, and under the microscope

2
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showed the presence of free cementite. Diffi-
culty was also experienced in machining those
irons.

The irons were all cast in dry-sand moulds
into bars 16 in. by Ig in. dia. The chromium
was added in the ladle, as 65 per cent, ferro-
chrome, and the irons were re-melted in cru-

Fig. 3.—Percentage Changes.

cibles before casting to render them uniform.
They were all cast at approximately the same
temperature and under similar conditions.

Heat-Treatment Changes.

The methods of testing were those adopted in
previous tests with plain cast irons. Bars from
each of the irons were heated in an electric re-
sistance furnace for 8 hours per day to 450 deg.
C., cooled overnight, and re-heated on the fol-
lowing day to the same temperature. At the
end of each 5 days’ or 40 hours’ heating, the
total and combined carbon of each iron was
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Fig. 4—P. As Gast. x 540.

Fig. 5.—P. Heat Treated for 200 hrs.
at 550 deq. C. X 540.
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estimated, tlie Brinell-hardness determined, and,
where material permitted, the tensile strength
determined. Similar tests were carried out on
bars at 550 deg. C. The results are given in
Tables Il and IlIl and represented graphically

Tab1e Il.— Heat Treatment at 450 deg. C.

Duration of heating

Chromium irons. in hours.

Cr per cent. — 0 40 80 120 160 200
Plain T.C. percent. 3.16 3.17 3.17 3.19 3.13 3.15
C.C. percent. 0.68 0.64 0.48 0.43 0.38 0.38
Tens. M.S... 16.6 16.2 15.7 15.3 15.4 15,5

Br. No. 223 212 197 183 183 179

Cr 1, 0.20 T.C.percent. 3.19 3.18 3.16 3.16 3.13 3.21
per cent. C.C. per cent. 0.70 0.66 0.60 0.57 0.49 0.50
Tens. M.S... 17.0 16.8 16.4 — 16.0 15.9

Br. No. 235 223 212 197 197 197

Cr 2, 0.39 T.C.percent. 3.17 3.18 3.17 3.18 3.16 3.20
per cent. C.C. percent. 0.93 0.90 0.85 0.72 0.69 0.69
Tens. M.S.. . 184 179 175 17.4 17.2 17.3

Br. No. 248 235 212 207 201 207

Cr 3, 0.66 T.C.percent. 3.16 3.14 3.16 3.14 3.10 3.09

per cent. C.C. percent 1.13 1.06 0.99 O 96 0. 95 0.96
Tens. M.S... 178 — —

Br. No. 255 241 235 235 235 235

Cr 4, 0.78 T.C. percent. 3.24 3.30 3.20 3.26 3.28 3.29

per cent. C.C.percent. 1.25 1.21 1.16 1 15 1 14 1.14
Tens. M.S... 158 — —

Br. No. 262 255 255 255 255 255

Cr 5, 0.90 T.C.percent. 3.21 3.16 3.24 3.20 3.20 3.21

per cent. C.C. percent. 153 151 1.54 1. 53 1.52 1.54
Tens. M.S... 134 — —

Br. No. 277 277 277 221 2771 777

in Figs. 1 and 2, while the percentage changes
produced by all the irons are given in Table IV
and graphically in Fig. 3.

Consideration of Table 11 and Fig. 1, which
deal with the experiments carried out at 450
deg. C., show that as the chromium content in-
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creases the stability of the combined carbon
under temperature is increased. In the plain
iron decomposition takes place to the extent of
44 per cent, and is more or less complete after
160 hours’ heating. With the addition of 0.2

Table I11.—Heat Treatment at 550 deg. C.
Lo Duration of heating
Chromium irons. in hours.

Cr per cent. — 0 40 80 120 160 200
Plain T.C. percent. 3.16,3.13 3.16,3.15 3.15 3.14
C.C. percent. 0.68 0.12 0.11 0.09 0.12 0.12
Tens. M.S... 16.6 15.8 15.1 14.8 14.6 14.8
Br. No. 223 138 129 129 125 129
Cr 1, 0.20 T.Cpercent. 3.193.13 3.17 3.15 3.17 3.17
per cent. C.C.percent. 0.70 0.54 0.40 0.30 0.32 0.30
Tens. M.S.. . 17.0 16.3 15.8 15.3 15.1 15.1
Br.No. .. 235 197 171 152 152 152
Cr 2, 0.39 T.C.percent. 3.17 3.16 3.22 3.20 3.15 3.21
per cent. C.C. percent. 0.93 0.57 0.53 0.49 0.51 0.49
Tens. M.S... 18.4 17.9 17.4 16.8 16.4 16.4
Br.No. .. 248 207 174 170 170 170

Cr 3. 0.66 T.C.percent. 3.16 3.17 3.10 3.12 3.15 3.13
per cent. C.C. percent. 1.13 1.02 0.89 0.79 0. 80 0.80
Tens. M.S... 178 — - 16.3

Br. No. 255 235 217 212 212 212

Cr 4, 0.78 T.C. percent. 3.24 3.23 3.27 3.21 3.19 3.22
per cent. C.C.percent. 1.25 1.18 1.11 1.09 1.11 1.11
Tens. M.S... 158 — — — — 150

Br. No. 262 255 248 248 248 248

Cr 5, 0.90 T.C.percent. 3.21 3.20 3.20 3.22 3.25 3.20
per cent. C.C.percent. 1.53 1.53 1.53 1.52 1.51 1.53
Tens. M.S.. . 13.4 - - 132

Br. No. 277 277 277 277 277 277

per cent, of chromium decomposition is more
uniform although the amount is less, 28 per
cent., and is complete after 160 hours’ heating.
The 0.39 per cent, chromium iron shows a 26 per
cent, decomposition after 120 hours, while addi-
tions of 0.60 and 0.78 per cent, chromium reduce
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the amount of decomposition stili further to 15
and 9 per cent., equilibrium conditions being
attained after 80 and 40 hours’ heating respec-
tively.  W.ith 0.90 per cent, chromium the com-
bined carbon remains unchanged after 200 hours’

Tanie |V.—Percentage Changes at 450 deg.
and 550 deg. C.

52 & 5 53
ce & 5% 88
Temper- Iron. 8 8 £8 =8
ature. g =2 he] 'S ?«;’U
= 5 2o =
g 5 & &b
_ Per  Per  Per
- — cent. cent. cent
450 deg.C. Plain .. 160 441 6.6 1938
Cr 1, 0.20 per
cent. Cr 120 28.6 6.5 16.2
Cr 2, 0.39 per
cent. Cr 120 25.8 6.0 16.5
Cr 3, 0.66 per
cent. Cr 80 15.1 — 7.8
Cr 4,0.78 per
cent. Cr 40 8.8 — 2.7
Cr 5, 0.90 per
cent. Cr 200  Nil — Nil
550deg.C. Plain .. 40 824 109 421
Cr 1, 0.20 per
cent. Cr 120 571 112 353
Cr 2, 0.39 per
cent. Cr 120 47.3 109 314
Cr 3, 0.66 per
cent. Cr 80 29.2 8.4 16.8
Cr 4, 0.78 per
cent. Cr 80 112 5.1 5.4
Cr 5, 0.90 per )
cent. Cr 200  Nil 1.5 Nil

heating and the Brinell-hardnes > decrease,
which has diminished from 20 per cent, in the
plain iron as the chromium increases, is nil.
Similarly at 550 deg. C., with 0.90 per cent,
chromium, there is no change in the combined
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carbon content and the Brinell-hardness remains
the same, the tensile strength diminishing by
1.5 per cent. (Table Il and Fig. 2). The other
chromium additions of 0.20, 0.39, 0.66 and 0.78
per cent, chromium produce combined carbon
decompositions of 57, 47, 29 and 11 per cent,
respectively, which is considerably less than the
82 per cent, decomposition in the plain iron.
This decrease in the combined carbon content
is reflected in the strength and hardness pro-
perties, particularly with additions of over 0.1

Fig. 8.—Cn. 5. As Cast, x 540.

per cent, chromium. The rate of decomposition
is slower in the chromium irons, equilibrium
conditions being attained after approximately
100 hours’ heating, whereas in the plain iron
the decomposition that takes place is complete
after 40 hours.

These results, obtained by chemical and
mechanical tests, are confirmed by microscopic
examination. Figs. 4 and 5 show the structure
of the plain iron as cast and after 200 hours’
heat treatment at 550 deg. C. After treatment



the pearlite shows considerable decomposition,
the graphite is increased in size, and there is
oxidation of the iron in the vicinity of the
graphite. In the 0.39 per cent, chromium iron,
Figs. 6 and 7, cast and heat-treated, the
amount of pearlite unaffected is considerably
greater; the graphite shows little change with
little or no oxidation of iron. The two micro-
photos of the 0.90 per cent, chromium iron,
Fig. 8, as cast, and Fig. 9, heat-treated, show
practically no variation in structure.

Fig. 9.—Ck. 5. Heat Treated for
200 hrs. at 550 deg. C. X 540.

Summing up generally, it will be noted, Fig. 3,
that as the chromium content of grey cast iron
is increased, the influence of the chromium is
to stabilise the combined carbon, both at 450
and 550 deg. C., complete stability being
attained with 0.90 per cent, of chromium. This
increased stability of the combined carbon under
temperature is no doubt due to the presence,
according to the recent work of Westgren,
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I
Tabie V.—Volume Changes.-

Cr .Per No.of Length. Dia. Vol.  Change.
cent. heatings. In. In. Cub. in. Percent.
Nil 0 6.0000 1.0000 4.710

5 6.0004 1.0005 4.715
10 6.0011 1.0006 4.716
15 6.0010 1.0006  4.716
20 6.0011 1.0006 4.716
25 6.0011 1.0006 4.716

0.20 Y 6.0000 1.0000 4.710
5 5.9999 0.9998  4.708

10 59997 0.9997  4.707

15 5.9990 0.9993  4.703

20 59988 0.9994  4.703

25 59988 0.9994  4.703

0.11
0.13
0.13
0.13
0.13
0.04
0.06
0.15
0.15
0.15
0.39 0 6.0000 1.0000 4.710 —
5 5.9992 0.9998 4.707 0.06
10 59985 0.9997 4.706  0.08
15 59979 0.9992 4.701 0.18
20 59980 0.9989 4.698 0.25
25 59978 0.9988  4.697  0.27
+0.02
-0.02
0.06
0.06
0.06
0
1
1

0.66 0 6.0000 1.0000 4.710
5 6.0004 1.0001 4.711

10 6.0000 0.9999  4.709

15 5.9998 0.9997 4.707

20 59998 0.9997  4.707

25 5.9997 0.9997  4.707

0.78 0 6.0000 1.0000 4.710
5 6.0001 1.0000 4.710

10 6.0000 1.0000 4.710

15 5.9997 0.9997  4.706

20 5.9989 0.9993  4.703

25 5.9984 0.9992 4.701

0.90 0 6.0000 1.0000 4.710
5 5.9998 0.9998 4708 0.04
10 5.9995 0.9995 4.705 0.10
15 59992 0.9990 4.700 0.21
20 59990 0.9989 4.699 0.23
25 59991 0.9989  4.699 0.23
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Phragmen and Negresco,” of chromium in the
cementite of the pearlite and affects the heat-
resisting properties of the irons enabling them
to retain both their strength and hardness.

Volume Changes.

The volume changes were carried out on
bars accurately machined to 6 in. long by 1 in.

ot s m is 0 S
Humbsr Of 8 Hour Hear/rigs

Fig. 10.— Changes.

dia. These were heated in an electric-resistance
furnace to 550 deg. for eight hours per day,
cooled over night and reheated the following
day. At the end of every 40 hours’ heating the
bars were measured and the volumes determined.
The results are given in Table V and Fig. 10.
Consideration of these results show that while
the plain iron has a volume increase, all the
irons containing chromium show contraction
after prolonged heating. The irons containing

8 A. Westgren, G. Phragmen, and Tr. Negresco, Journ.
Iron and Steel Inst., 1928, vol. 1, p. 383.
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0.20 and 0.39 per cent, of chromium contract
to the extent of 0.15 and 0.27 per cent, respec-
tively. Further addition of chromium to 0.66
per cent, reduces the contraction to 0.06 per
cent., while still further additions to 0.78 and

Pegs. CeHt

Fig. 11.—P1ain lron.

(1) As cCast.

(2) Heat Treated for 200 hrs. at 450
deg. C.

(3) Heat Treated for 200 hrs. at 550
deg. C.

0.90 per cent, increase this reduced contraction
to 0.18 and 0.23 per cent, respectively.

These results appear to be very erratic and
at first, it is difficult to conceive why the in-
crease of chromium from 0.39 to 0.66 per cent,
should produce a lower volume contraction.
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It is possible that the explanation may be found
by considering the general structure of the irous.
The two lower-chromium irons are essentially
grey cast irons having a structure consisting of
pearlite and graphite with a small amount of
free ferrite, whereas the structure of the higher-
ohromium ii-ons consist of pearlite, graphite and
free cementite. Experiments have shown that
white cast irons containing large proportions of
free cementite and no graphite are not affected
by volume changes, so that the mottled nature
of the three higher-chromium irons may have
slowed down the volume contraction-changes due
to the chromium.

Considering next the contraction-changes due
to the chromium. This phenomenon, as yet,
cannot be explained or defined. Andrew and
Hyman” state as a result of their work on the
growth of special cast irons at 900 deg. C., that
chromium when added in sufficient quantity
(1.5 per cent.) considerably retards and reduces
growth but does not prevent it; and the author
has found that heating the 0.39 per cent,
chromium iron to 800 deg. C. produces a small
volume increase. Growth in grey cast iron is
produced by decomposition of the combined
carbon of the pearlite and increase in the size
of the graphite lamellae and these changes may
or may not be followed by oxidation of the iron
in the vicinity of- the graphite. All the
chromium irons are subject to varying degrees
of combined carbon decomposition excepting the
0.90 per cent, iron, but microscopic examina-
tion shows little or no change in the nature of
the graphite and no oxidation. It would, there-
fore, appear that the contraction change which
takes place at temperatures below the critical-
range is in some manner due to the chromium
and exceed the volume change produced by com-
bined carbon decomposition. What the nature
of the change is cannot be determined by ordi-
nary microscopic investigations and is probably
molecular.

9 J. H. Andrew and H. Hyman, Jour. Iron and Steel Inst.,
1924, vol. 1, p. 451.
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From the results obtained it would, therefore,
appear that two main factors operate in the
volume changes of those chromium irons. First
there is the contraction phenomenon due to the
chromium, as yet not explainable; and second,
the change due to the structural nature of the

Fig. 12.—Chromium Iron, 0.39 per
cent. Cr.

(1) As Cast.

(2) Heat Treated for 200 hrs. at 450
deg. C.

(3) Heat Treated for 200 hrs. at 550
deg. C.

irons. This latter point, the growth of a purely
grey cast iron as compared with the growth of
a mottled cast iron of a similar composition and
the omitting of elements, such as chromium,
which may produce complication, requires further
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investigation, and might also explain the erratic
volume changes that are known to occur in irons
of a border-line composition.

€]
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Elevated Temperature Tests.

The strength of plain and chromium cast irons
at elevated temperatures has been dealt with by
the author in his Paper on “ Special Cast
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Irons,” 10 and the curves obtained for the plain
iron and the iron containing 0.39 per cent, of
chromium are reproduced in Figs. 11 and 12. It
will be seen that the effect of this chromium
addition is to increase the strength of cast iron
at elevated temperatures, both in its “ as cast
and heat-treated conditions. The strength is
maintained to 500 deg. C., whereas in the iron
containing no chromium it falls off at 400 deg.
C. The breaking stresses of the two irons, when
tested at 400 deg. after 200 hours’ heat-treat-
ment at 550 deg. C., are 11.0 and 15.6 tons per
sq. in. respectively, and show the beneficial
effects of a small chromium addition. It will
also be noted that the depression occurring in
the “ as cast ” of the plain iron is practically
eliminated by the chromium.

Thermal Conductivity.

In a like manner the thermal conductivity of
the plain iron and the two chromium irons con-
taining 0.20 and 0.39 per cent, of chromium
have been fully dealt with in a previous Paper
on “ The Thermal Conductivities of Grey Cast
Irons,” 11 and again the curves obtained are re-
produced in Fig. 13. These curves show that
the thermal conductivity value for the plain iron
at 100 deg. C. of 0.122 is increased by the
chromium additions to 0.127 and 0.132, and at
400 deg. C. the K values of the two chromium
irons are 0.111 and 0.114, as against 0.107 for
the plain iron. Chromium, therefore, tends to
increase the thermal conductivity of grey cast
iron.

Corrosion Tests.

In view of the many advantages which have
been gained in steel in reducing corrosion by
additions of chromium, it was considered of
interest to subject the various chromium irons,
together with the plain iron, to a series of corro-
sion tests, to determine, if possible, if such small

]éJgJ. W. Donaldson, Proc. Inst. Brit. Found., 1924-25, vol. 18,
p. 89.
11 J. W. Donaldson, Proc. Inst. Meeh. Engineers 1928, No. 4.
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additions of chromium had any influence on cast
iron.

Test-pieces, 25 mm. long by 20 mm. dia.,
were machined from each iron, buffed, polished
and immersed in the following solutions for 28
days at 60 deg. F. (15 deg. C.). The solutions
were N/10 hydrochloric acid, N/10 nitric acid,
N 110 acetic acid, tap water, sea water, and N/10

Crtzorfmrt - %

RHg 14— (encion Tests

ammonium chloride. At the end of the period
the test-pieces were washed, dried in alcohol
and the loss in weight determined. Three tests
were carried out on each iron in each solution,
and from the average weights obtained the loss
in weight per 100 sq. cm. determined. The
results were given in Table VI and Figs. 14
and 15.
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The general influence of the chromium addi-
tions is to effect a slight beneficial effect as
regards resistance to, corrosion. This influence
is most marked in the case of sea water, and
least noticeable with tap water, N/10 acetic
acid and N/10 ammonium chloride. The in-
fluence of chromium in retarding the corrosion
in all cases follows the addition of 0.20 per cent,
chromium and increases slowly as the chromium
content increases.

Tabite VI.—Corrosion Tests.

Loss in Weight. Grams per 100 sg. cms. of Surface Area,
after 28 days.

, = Corroding media.

iron. N/10 N/10 N/10 Tap Sea N/10
HCl hno3 HA water. water. AmCI

Plain 12.48 1051 4.77 0.30 0.78 0.84
0.20 per
cent. Cr 9.53 8.62 3.72 0.23 0.42 0.69
0.39 per
cent. Cr 948 768 360 0.25 032 0.72
0.66 per
cent. Cr 8.67 8.06 3.67 022 035 0.73
0.78 per
cent. Cr 8.09 731 351 0.21 0.31 0.68
0.90 per

cent. Cr 791 6.75 339 021 0.29 0.65

These results are somewhat in accordance with
the results obtained by Kotzschke and Piwo-
warskyL in their series of experiments on the
corrosion of cast iron. These investigators
found that chromium exerted a beneficial in-
fluence on the resistance of cast iron to acids,
when present to the extent of 1 per cent., but
with castings subjected to the rusting effect of
solutions of salts, chromium is of little advan-
tage. In general it would appear as if chromium
would have to be present in considerably larger
amounts than 0.90 per cent, to exert any marked
influence on the corrosion properties of cast iron.

12 p. Kotzschke and E. Piwowarskt, Arch. Eisenhiittenwes
1928-29, vol. 2, p. 333
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Summary.

Chromium added to grey cast iron in quan-
tities up to 0.90 per cent, increases the stability
of the combined carbon at temperatures up to
550 deg. C. This increase in stability s
probably due to the presence of chromium car-
bide in the cementite of the pearlite, and is re-
flected in the increased strength both at ordinary

CHeorfiurt - %
Fg 15— Cacion Tets
and elevated temperatures and in the Brinell
hardness. Better heat-resisting irons are, there-
fore, obtained, but there is difficulty in machin-
ing irons with over 0.4 per cent, of chromium.
The influence of chromium on volume changes
at temperatures below the critical range is
erratic, but the general effect is to produce a
contraction. The nature of this contraction is
difficult to explain or define. With chromium up
to 0.4 per cent, the thermal conductivity is in-
creased by about 8 per cent.
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Small additions of chromium reduce very
slightly the corrosion of grey cast iron. The
effect is most noticeable with sea water, and to
a lesser extent with strong acids. With weak
acid, tap water, and ammonium chloride little
advantage is gained.

The author thanks Mr. James Brown, C.B.E.,
and the other directors of Scotts’ Shipbuilding
and Engineering Company, Limited, Greenock,
for permission to carry out the above investiga-
tions.
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THE INFLUENCE OF MANGANESE IN CAST IRON.
By A. L. Norbury D.Sc. (Member).

Introduction.

Considerable differences of opinion exist as to
the influence of manganese on the chilling pro-
perties of cast iron. Some hold the view that
manganese decreases the tendency to chill, others
that it increases the tendency to chill. For in-
stance, many manufacturers of chilled rolls find
that manganese additions decrease the depth of

chill, while many manufacturers of grey-iron
castings find that manganese increases the ten-
dency to chill. Evidence is available in support

of each view. Some published results, for in-
stance, indicate (1) that as the manganese con-
tent of a grey iron (containing only traces,
e.g., 0.01 per cent, sulphur) is increased from
0.0 per cent, to about 0.3 per cent, manganese
it exerts a graphitising action on the cementite.
Other results indicate (2) that additions of 1 per
cent, and upwards of manganese exert a chilling
action.

Experiments have been carried out to check
the above apparently conflicting results and have
confirmed them. The explanation appears, how-
ever, to be that the graphitising action of
manganese only occurs in low-manganese irons
and is an indirect one due to its capacity for
combining with sulphur. The presence of only
traces (e.g., 0.01 per cent.) of free sulphur is
sufficient to prevent the graphitisation of con-
siderable quantities of cementite and an excess
of manganese (above that required to form
MnS) is required to neutralise the stabilising
action of such sulphur on the cementite. Apart
from this indirect action, manganese always
exerts a stabilising action on cementite. Evi-
dence bearing firstly on the graphitising action,
and secondly on the chilling action of manganese
is summarised below.
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Graphitising Action of Manganese.

Hague and Turnerl were apparently the first
to draw attention to the graphitising action of
small quantities of manganese. They found that
increasing the manganese content of a grey iron
(T.C. 2.6 per cent., Si 3.0 per cent.,, P trace,
S trace) from 0.03 to 0.5 per cent, caused the
following marked differences: (a) the combined-
carbon content fell from 1.03 to 0.22 per cent,;
(b) an expansion occurred at 687 deg. C. on
cooling (without manganese no expansion was
obtained at these low temperatures), and (c) the
pearlite matrix was largely decomposed into fer-
rite and graphite.

Coe2 confirmed the above result, and in a grey
iron containing total carbon 2.8 per cent., Si
1.8 per cent., S trace, P trace, found that with
manganese 0.03 per cent, there were numerous
small crystals of cementite, while with
manganese 0.18 per cent, and upwards, the cry-
stals of cementite were absent and a considerable
portion of the pearlite had been decomposed into
ferrite and graphite.

Data from papers by Coe’ and Waiist and
Meissner4 showing the effect of small additions
of manganese in decreasing the combined-carbon
contents of grey irons have been plotted in
Fig. 1. It will be seen that increasing the
manganese content from 0.03 per cent, to about
0.3 per cent, in these grey irons causes a fall in
combined carbon in every case—which is in ac-
cordance with the findings of Hague and Turner,
and Coe. Further additions of manganese cause
a slight increase in the combined-carbon content.

These results have been confirmed by casting
similar series of grey-iron bars containing in-
creasing quantities of manganese between 0.0
and 0.5 per cent. In each case as the manganese
was increased from 0.0 per cent, to about 0.3
per cent., the combined carbon fell from about
1.3 to below 0.9 per cent. Some analyses showing
this are given in Table I.

The graphitising action of manganese, if in-
creased from 0.0 to 0.3 per cent, or over, on
the secondary cementite in grey iron is confirmed
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in a somewhat different manner by means of
the data plotted in Figs. 2A and 2B. These
figures show the combined-carbon contents of
1.2 in. diameter sand-cast bars of various
carbon and silicon contents. The vertical posi-
tion of each dot in these figures indicates the
total-carbon content, while the horizontal posi-
tion indicates the silicon content, and against
each dot is written the combined-carbon content.

Tabte | —Effect of small percentages of manganese on
combined contents of 1.2 dia. sand-cast grey-iron
bars.

Series A.

No. of test bar 1- 2. 3.

C.Chreeeeeee e 1.29 091 0.54

M N 0.02 0.10 0.33
T.C,3.0; Si, 1.9; S.0.03; P, 0.03 per cent.

Series B.

No. of test bar 4. 5. 6. 7. 8.

(O ORI 1.29 110 099 090 0.84

[V DO 0.06 0.11 0.20 0.24 0.43

T.C.,2.77; Si, 1.53; S,0.03; P, 0.03 percent.

The results in Fig. 2A have been taken from
data published by Maurer5 and contain 0.68 to
1.23 per cent, manganese and 0.04 to 0.13 per
cent. S. Those in Fig. 2B contain manganese
below 0.2 per cent, and 0.01 to 0.03 per cent. S
and have been taken from a Paper by Wiist
and Kettenbach.* Compositions to the right of
the curved chill lines would be grey. The com-
bined-carbon contents of the grey irons in
Fig. 2A (Mn 0.68 to 1.23 per cent.) average
about 0.9 per cent, combined carbon; those in
Fig. 2B (Mn below 0.2 per cent.) are, however,
obviously exceptionally high, averaging about
1.3 per cent, combined carbon. The high com-
bined-carbon contents in Fig 2B are, as before,
the result of low-manganese contents (below
0.2 per cent, in this case).
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Effects of Phosphorus, Nickel and Aluminium.

Manganese appears to be the only element
commonly alloyed with cast iron which can
graphitise the secondary cementite in the above
manner. That neither phosphorus, nickel nor
aluminium has this action is evident from the
following da”a, viz., Wiist and Stotz’s’ data
giving the combined-carbon content of LSi in.
dia. sand-cast grey-iron bars containing
manganese below 0.2 per cent, and sulphur below
0.03 per cent, and various amounts of carbon,
silicon and phosphorus show high combined-
carbon contents similar to those in Fig 2B (viz.,
1.3 per cent.)—which are not decreased or in-
creased by increasing the phosphorus from 0.0
to 2.0 per cent. (A similar conclusion as to
phosphorus results from a study of Coe’s* data.)

Similar high combined-carbon contents in grey
irons containing traces of manganese and sul-
phur and several percentages of nickel are
evident in data published by Everest, Turner
and Hanson,” and in grey irons containing traces
of manganese and sulphur and several per-
centages of aluminium in data published by
Everest.10

Microscopic Examination of Grey Cast lrons containing
Low-Manganese and Traces of Sulphur.

Photemicrographs at 200 dias. of the grey-iron
test-bars Nos. 1, 2 and 3 (Table 1) are shown
in Figs. 3, 4 and 5 respectively. In these
figures, the fall in combined-carbon from 1.29
to 0.54 per cent, is very marked. This fall is
due entirely to the manganese content being
increased from 0.02 to 0.33 per cent., the sulphur
is constant at 0.33 per cent, and the silicon at
1.9 per cent, and the total carbon at 3.0 per
cent.

Fig. 3 shows the presence of three or four
lakes of white ceuientite and numerous dark
patches which, when magnified to 1,000 dias. as
in Fig. 6, are seen to consist of cementite
lamellie much closer together than they are in
pearlite. Such patches presumably consist of
secondary (or pro-eutectoid or hyper-eutectoid)
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cementite. (The form of the secondary cementite
in Fig. 6 suggests that it has been deposited at
a single temperature instead of being deposited
from the vy solid-solution continuously as the
temperature on cooling fell from the eutectic
temperature to the eutectoid temperature. In
other words, the y solid-solution containing
about 1.2 per cent, combined-carbon has super-
cooled until the y a allotropic-change temperature

Fio. 3.—x 200. T.Cc., 3.0; Si, 1.9; S, 0.03;
P, 0.03; Combined Cabbon, 1.29, and M an-
ganese, 0.02 per cent. W hite LakesICf

Primary thite containing l(]ﬂ
Sulphide. Patches of Secondary

Cementite.

was reached, and this change caused the
cementite to be deposited from solid-solution in
a form which may be likened to pearlite with
a combined-carbon content of 1.2 per cent, in-
stead of the usual 0.9 per cent. The same thing
probably occurred in the cast irons made by
Hague and Turner,1 since these investigators
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found only traces of thermal-arrests between the
eutectic and eutectoid temperatures.)

The white lakes of cementite in Fig. 3 contain
islands of yellow iron sulphide. One of these
magnified to 1,000 dias. is shown in Fig. 7. The
sulphide was yellow in colour—in fact, similar
in colour to a polished and etched specimen of
iron sulphide. This indicates that the 0.02 per
cent, manganese in this test bar (No. 1) is not
combined with the sulphur, but is combined
with some other constituent. It also suggests

Fig. 4.—X 200. Same Composition as Fig. 3,
except Combined Carbon 0.91, and Man-
ganese 0.10 per cent. Less Primary and
Secondary Cementite Present.

that these lakes of cementite have been pre-
vented from graphitising by iron sulphide.

Fig. 8 shows another of these lakes at 1,000
dias., and in this case the lake contains fine
spots of phosphide eutectic in addition to iron
sulphide and austenite. (This indicates, inci-
dentally, that the solid solubility of the phos-
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phide in this particular iron must be consider-
ably below 0.03 per cent, phosphorus—the figure
found by chemical analysis.) These white lakes
of cementite, etc., it is suggested consist of
eutectic mixtures of iron carbide, austenite,
iron sulphide and iron phosphide, plus secondary
cementite which has been deposited on and has
joined up with the primary cementite.

The fact that the specimen shown in Fig. 4
contains fewer lakes of primary-cementite and
fewer dark patches of secondary-cementite than
the specimen shown in Fig. 3 may be explained
by assuming that the additional manganese it
contains (0.10 per cent, instead of 0.02 per cent.
Mil) has combined with some of the 0.03 per
cent, sulphur to form MnS which does not
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stabilise and form a eutectic with primary-
cementite and does not stabilise secondary-
cementite. Similarly, with the specimen shown
in Fig. 5, the higher manganese-content (viz.,
0.33 per cent. Mn) has been sufficient to nullify
any carbide-stabilising action of the 0.03 pel
cent, sulphur. It will be noted that between
0.10 per cent, and 0.33 per cent, manganese is
required to effect this, and since 0.03 per cent,
sulphur only requires 0.05 per cent, manganese

Fig. 6.— x 1,000. Secondary GFB"IE Re-

solved. This Constituent Appears EBUn-
resolved Dark Patches in Figs. 3, 4, 9
and 14.

to form MnS, it follows that the manganese
must distribute itself between the sulphur and
some other constituent. Further additions of
manganese up to, say, 1.5 per cent, of man-
ganese have relatively little effect on the com-
bined-carbon content, their tendency is to in-
crease it slightly and to make the pearlite more
sorbitic.
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The fact that such small quantities—e.g.,
0.03 per ceut.—of sulphur are sufficient to
stabilise and prevent the graphitisation of such
large quantities of combined-carbon (viz.
1.29 to 0.54 per cent.=0.75 per cent, combined-
carbon) receives support from the work of Stead*
and Hatfield.“ Stead concluded that cementite
can hold 0.1 per cent, sulphur in solid solution,
and that such sulphur is mainly responsible—

Fig. 7.— x 1,000. Yellow Sulphide in W hite
Lake of Cementite. Same Specimen
Fig. 3.

by making the carbide stable—for preventing
the separation of graphite.

Effect of Sulphur.

All the data considered so far have referred
to cast irons in which sulphur has been present
only in traces, e.g. below 0.03 per cent. Wiist
and Miny“ cast a number of grey iron 1.2-in.
dia. test-bars with sulphur varying between
0.01 per cent, and 0.3 per cent, and with man-

G
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gafiese contents ol 0.09, 0.64, and 0.85 por cent.
Piwowarslcy and Schumacherl4 added sulphui up
to 0.8 per c”nt. to eutectic and hypo-eutectic
cast irons containing 0.8, 1,8, and 2.8 per cent,
silicon and 0.2 to 0.3 per cent, manganese. In
both these researches, consequently, the sulphur
was, except in one or two cases, greater than
that required to form MnS with the manganese
present, and the results are consequently out-
side the range considered in the present Paper.

Fig. 8.—X 1,000. Dots of Phosphide Eiuiectic
and Yellow Sulphide in W hite d:
Cementite. Same Specimen as Fig. 3.

0.03 per cent.

In order to investigate the effects of small
excesses of manganese, above that required to
form MnS, in irons containing appreciable
amounts of sulphur, the following experiments
were carried out.

Three 1.2-in. dia. grey-iron bars were cast
in sand. The first contained 0.03 per cent,
sulphur, the second 0.13 per cent, sulphur, and
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the third 0.28 per cent, sulphur; the manganese
content was 0.5 per cent, in each case, the total
carbon 2.8 per cent., the silicon 1.7 per cent.,
and the phosphorus 0.03 per cent. If the
sulphur combines with the manganese to form a
sulphide, its action should be equivalent to re-
ducing the amount of manganese able to
influence the combined-carbon contents, as
above.

The results obtained indicate that this
occurred, since as the sulphur was increased
the combined-carbon contents increased (viz.,
0.56, 0.72, and 1.18 per cent, combined-carbon
respectively), even though the liars showed no
signs of chill. The results are shown in Table II,
where the amounts of manganese present, above
that required to form MnS, have also been

calculated. g?
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It will be seen that this assumption (that
MnS is the sulphide formed) is approximately
correct, since the combined-carbon content falls
to normal when the “ manganese above that
required to form MnS ” is between 0.28 and
0.48 per cent., a figure in approximate agree-
ment with that already arrived at for irons con-
taining only traces of sulphur. Further experi-
ments are, however, being carried out to ascer-

Fig. 10.—x 1,000 K haki-coloured Sulphide

Crystal, containing Pearlite. Same
Specimen as Fig. 9. Mn 0.47, S 0.28 per
cent.

tain  more accurately the excess manganese
required.

The microstructure at 200 dia. of test-bar
No. 9 is shown in Fig. 9, and is very similar in
respect of its primary and secondary cementite
contents to test-bar No. 1 shown in Fig. 3. This
test-bar contained 0.47 per cent, manganese and
0.28 per cent, sulphur (the theoretical amounts
required to form MnS), but the sulphide was
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khaki-coloured, indicating that it consisted
chiefly of FeS, consequently the greater part of
the 0.47 per cent, manganese present must be
combined with some constituent other than the
sulphur. A triangular crystal of the khaki-
coloured sulphide in this specimen is shown
in Fig 10 at 1,000 dia. magnification. It will be
seen that this crystal shows an area of pearlite
in its centre. It is not considered that this
pearlite is the matrix showing through a hole
in the sulphide, but that it is an inclusion,
since its triangular shape is so definitely related
to that of the crystal form of the sulphide.
Test-bar 10 had a general microstructure similar
to that shown in Fig. 4, while test-bar 11 had
one similar to that shown in Fig. 5, except that

Tdbll.—Effect of small percentages of manganese
and sulphur on the combined-carbon contents of
1.2 in. diameter sand-cast grey-iron bars.

No. of test bar 9. 10. 11
CCiiie e 1.18 0.72 0.56
Mn above that required

to form MnS 0.00 0.28 0.48

0.47 0.50 0.53
0.28 0.13 0.03

T.C., 2.8; Si, 1.7 ; P, 0.03 per cent.

the ground mass was pearlitic instead of
pearlitic-ferritic.

Figs. 11, 12 and 13 show test-bars 9, 10 and 11
at 25 dia. magnification after deep etching in
1.20 sp. gr. nitric acid. The white networks are
due almost entirely to cementite, since the test-
bars only contained 0.03 per cent, phosphorus.
The decrease in cementite as the manganese,
above that required to form MnS, increases from
0.0 to 0.53 per cent., is clearly shown. The test-
bars shown in Figs. 3, 4 and 5 gave similar
cementite networks when etched in this manner.

Fig. 14 at 200 dias. magnification shows a
malleable iron containing 0.20 per cent, man-
ganese and 0.16 per cent, sulphur. It has been
etched in boiling sodium picrate which darkens
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the cementite. The secondary-cementite is seen
as dark centipede-like patches at the crystal
boundaries. Its stability after the prolonged
annealing is noteworthy.

The mechanical properties and complete
analyses of the test-bars referred to above are
given in Table IIl. The bars were cast as
follows:—About 50-Ib. charges were made up
of Swedish iron (T.C. 3.7; Si 0.3; Mn 0.05;

Fig. 11.—x 25. Mn @Bmmjfﬂjb

FORM MnS) 0.00 PER CENT., COMBINED
Carbon 1.18 per cent., P 0.03 per cent.
W hite Network of Primary and Secondary
Cementite and Phosphide. Same Specimen
as Fig. 9.

S 0.03 and P 0.03 per cent.), Armco iron and
ferro-silicon (11 per cent, and 40 per cent.), and
melted in a Salamander crucible in a coke-
furnace at 1,300 deg. C. to 1,400 deg. C., and
poured at 1,350 deg. C. into green-sand moulds
to give a 1.2 in. dia. bar, a 0.875-in. bar, a
0.6-in. bar and a 0.4-in. bar. Each bar was
16 in. long, was cast separately, and top-poured
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at an angle of about 30 deg. to the vertical.
After casting a set of four bars, weighing about
10 Ibs., the crucible was put back in the furnace,
an addition of ferro-manganese made, and four
more bars cast. All the bars in Series A were
consequently cast from the same crucible full
of metal with additions of ferro-manganese,
similarly with those in Series B. In Series C
additions of sulphur were made to the melt.

Rgi—x » Se(@psitonashg i,

EXCEPT M n (above _TH EQXJI T0 FORM
S) 0.28 CE‘-EES 7
0, 3‘%5%11 . N N
NnHg u No. 10,
.

The bars were broken in transverse between
12-in centres. Drill-hardness tests (g-in. dia. drill)
were carried out on the central core of each
1.2-in. bar. Brinell tests (10 mm./3,000 kg./
30 sec.) were carried out on flat surfaces about
j in. below the surface of each 1.2-in. bar.
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It will be seen in Table Ill that as the man-
ganese increases and the combined-carbon falls,
the Brinell-number falls, the drill-hardness falls,
the tensile-strength falls in Series A where the
third bar has a ferritic-pearlitic matrix (as shown
in Fig. 5), but is little affected in Series B
where the matrices of bars 7 and 8 are pearlitic
(the low tensile-strength of 16.6 tons obtained

Fig. 13.—x 25. Same Composition as Figs.
11 AND 12, EXCEPT Mn (ABOVE THAT REQUIRED
TO FORM MnS) 0.48 PER CENT., COMBINED
Carbon 0.56 per cent., P 0.03 per cent.
Little Cememtite in Network (Test Bar

No. 11).

on the last bar of Series B is largely due to
the too-low temperature at which this bar was
poured, while in Series C the high-S bar has
given a low tensile-strength, possibly due to
segregation). The transverse-strengths are little
affected by variations in manganese and com-
bined-carbon.
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The shrinkage was measured by placing two
pairs of pins exactly 14 in. apart in each mould
(using a steel rod 14 in. long by J in. dia.),
so that the head and about J in. of each pin
projected from the face of the mould and became
cast into the test-bars. The distance apart of
the pins in the cold test-bars was measured with
an internal micrometer-gauge. The shrinkage
decreases as the manganese is increased and the

Fig. 14.— X 200. M alleable |lkon; E tched in
Boiling Sodium Pickate. D arkened

Secondary Cementite at Crystal Boundaries.

combined-carbon falls. In the white and mottled
bars the shrinkage is not affected. The tend-
ency to chill or solidify mottled or grey is not
markedly affected by the manganese-content in
these particular tests.

Stabilising Action of Manganese on the Eutectic
Cementite.
There is a considerable amount of evidence
available that additions of 1, 2, 3 and higher
percentages of manganese increase the tendency
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of cast iron to chill. Adamsonl5 cast wedges
65 in. X If in. x 5in. high against a 3-in. steel
block and found that increasing the manganese
from 0.5 to 3.0 per cent, (in irons containing
T.C. 3.3; Si 0.74 to 1.07; S 0.04 and P 0.04 per

TC 33

5i o7<&
s 175- 077

5- 3 m6’

3 %M

TC 33
Sc 076
S 1754077
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cent.) increased the depth of chill and mottle
very markedly. Coel6 found that increasing
manganese from 0.5 to 30 per cent, in a grey
iron containing T.C. 3.7; Si 2.4; S 0.3. and
P 0.05 per cent., caused the iron to become
mottled with 17.5 per cent, manganese and white
with 30 per cent, manganese.

Coel7 cast small ingots in an open chill-mould.
The compositions were T.C. 2.8; Si 1.8; S 0.01;
P 0.01 and Mn 0.03, 0.18, 0.37, 0.81, 1.05, 1.20
and 1.47 per cent. He found no appreciable
chill in those ingots which contained less than
1.0 per cent, manganese, but definite and in-
creasing amounts of chill as the manganese
increased above this figure. Dickinsonls cast
chill-wedges 5 in. X 1 in. X 5 in. high against
a block of steel, and concluded that increasing
the manganese from 0 to 0.14 per cent, decreased
the depth of chill, while further additions in-
creased the depth of chill.

Shaw1® cast a series of large and small wedge
chills against a block of steel. The cupola-metal
used contained T.C. 3.3; Si 0.75; Mn 0.36 and
S 0.175 per cent., chills were cast and then
increasing amounts of molten ferro-manganese
were added to the Ladle, chills being cast after
each addition. The results are plotted in Figs.
15a and 15, where it will be seen that the first
and second additions of manganese caused a
decrease in the depth of chill, while further addi-
tions caused a marked increase. The initial
sulphur-content (0.175 per cent.) would require

0175 x 55
—g% = 0.30 per cent. Mn to form MnS.

Consequently, there would be only 0.06 per cent.
Mn above that required to form MnS in the
original cupola-metal and this would account
for the decrease in depth of chill caused by the
first and second manganese addition.

Further confirmation of the chilling-action of
manganese is given by the results plotted in
Figs. 15c and 154. Chill wedges 5 in. x 1in. X
5 in. high were cast against blocks of cast iron.
In the first series, Fig. 3c, the melt contained
T.C. 3.0; Si 1.1 and S 0.03 per cent. Increasing
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the manganese from 0.22 to 0.4 per cent, de-
creased the depth of chill slightly, while further
additions of 0.8 and 1.25 per cent, manganese
increased it considerably. In the second series
(Fig. 15d), the initial sulphur-content was made

0
0.15 per cent, (this would require --—---" ------

0.26 per cent. Mn to form MnS) and it will be
seen that the first addition of manganese reduced
the chill, while further additions increased the
depth of chill, as before. Here again, the mini-
mum chill is at approximately 0.3 per cent,
manganese above that required to form MnS.

Stabilising Action of Manganese on Pearlite.

The following  evidence indicates that
manganese, if present in excess of that required
to combine with any sulphur present, has a
stabilising influence on the pearlite. Car-
penter,10 in experiments on the growth of cast
iron, gave four bars containing 0.51, 0.74, 0.94
and 1.64 per cent, manganese, 151 heats at
850 deg. C.-900 deg. C., and found that the
stability of the carbide increased with increase
in the manganese-content. Taylor® found in a
series of malleable-irons containing manganese
up to 1.3 per cent, that with increasing
manganese-contents—above that required to form
MnS—the annealed irons become more pearlitic
and less ferritic. Peace and Evans,2 referring
to blackheart malleable, state *“ if the excess
(above that required to form MnS) manganese
is more than 0.25 per cent., the manganese re-
tards graphitisation.”

Summary.

Grey cast irons which contain only traces of
sulphur and manganese have abnormally high
combined-carbon contents, e.g., 1.3 per cent. In-
creasing the manganese from traces up to 0.3
per cent, causes the combined-carbon to drop to
normal (e.g., 0.8 per cent.) combined-carbon,
and causes a decrease in the tendency to chill.
Further additions of manganese up to 1 or 2 per
cent, tend to increase the combined-carbon and
increase the tendency to chill.
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- The explanation put forward is that the
graphitising-action found on increasing the
manganese from 0.0 to 0.3 per cent, is an in-
direct one due to the manganese combining with
and nullifying the carbide-stabilising-action of
traces of iron sulphide. It appears that about
0.3 per cent, manganese in excess of the amount
theoretically required to form MnS is required
to do this. Approximately the same excess of
manganese, e.g., 0.3 per cent., is required in
irons containing higher sulphur-contents, e.g.,
0.1 and 0.2 per cent, sulphur. The high com-
bined-carbon contents found in grey irons con-
taining only traces of manganese and sulphur
are due to hard-spots of cementite—austenite—
iron-carbide eutectic plus secondary cementite,
and to patches of secondary-cementite, stabilised
in each case by traces of iron sulphide.

Apart from its indirect graphitising-action,
due to its combining with and neutralising iron
sulphide, the normal action of manganese is to
stabilise iron-carbide and to increase the ten-
dency to chill.

Applications in Foundry Practice.
Numerous instances have been noted which
show that many foundries adjust the manganese-
contents of their castings to obtain certain
results which are explainable by the above con-
clugiQns.
Chill Hulls.—In chill rolls, the manganese
(in excess of that combined with the sulphur
present) is normally well-below the 0.3 per cent,
excess manganese figure (a typical roll analysis
would be manganese 0.3 per cent., sulphur 0.15
per cent.). Consequently further additions of
manganese reduce the chill. This has been re-
peagdly emphasised by Shaw.2
Mechanical Strength of Grey Iron.—
Lowering the manganese-content of a grey iron
below the 0.3 per cent, in excess figure, results
in the substitution of cementite and pearlite for
some of the graphite, ferrite and pearlite. This
is equivalent to introducing a hard brittle-con-
stituent similar to iron phosphide, but at the
same time reducing the graphite-content. The
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net effect is that the tensile and transverse
strengths are not greatly affected in pearlitic
irons but may be increased in pearlitic-ferritic
irons.

(0) Hard-Spots in Grey |Iron.—If the
manganese-content is sufficiently low to allow the
presence of hard spots of cementite, and patches
of secondary cementite, the iron will be much
harder and more difficult to machine. High-
sulphur in the presence of low-manganese will
givgyhe same result.

Resistance to Wear.—A low-manganese
grey iron containing hard spots of cementite. in
a pearlitic-matrix should show good resistance
to most types of wear.

(e) Corrosion-Resisting Irons. — A low-
manganese iron containing cementite embedded
in pearlite should be more resistant to most
types of corrosion than one containing a more
graphitic and ferritic matrix.

(f) Shrinkage in Grey Iron.—If the manganese
(in excess of that combined with sulphur) is suf-
ficiently low to increase the combined-carbon
there will be a corresponding increase in the
total-shrinkage.

(g) Experimental Melts.—Shaw” has pointed
out that grey irons made synthetically from
Swedish or American washed-iron usually con-
tain much higher combined-carbon contents than
those obtained in foundry practice. The high
combined-carbons may be explained by the low
m nese-contents of these pig-irons.

Black-lieart Malleable Iron.—Evans and
Peace,2l referring to black-heart malleable, state
“ the manganese must be present in sufficient
quantity to neutralise whatever quantity of sul-
phur is present. The amount is not, however,
the theoretical requirement to form manganese
sulphide, i.e., 1.72 times the sulphur-content,
but is in excess of this. Actual practice has
established that the excess required increases
with the sulphur-content. With 0.04 per cent,
sulphur the excess required is in the neighbour-
hood of 0.20 per cent, manganese. If the excess
is more than 0.25 per cent., the manganese re-
tards graphitisation.”



(i) White-lieart Malleable.—In wiiite-heart
malleable, the process depends on the removal
of the carbide by decarburisation, rather than
on its graphitisation (as in the black-heart pro-
cess), consequently high sulphur, e.g., up to 0.3
per cent., may be used, and though detrimental
of itself, has an indirect beneficial action in so
far as it stabilises the carbide and prevents its
graphitisation.
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THE PRACTICAL APPLICATION OF NICKEL IN
CAST IRON.

By Arthur B. Everest, B.Sc., Ph.D. (Associate Member).

Introduction.

The use of nickel in cast iron is by no means
new; in fact, it is surprising to find that the pos-
sible improvement of castings by the use of
nickel was recognised as long ago as in 1799,
when a patent was taken out by Hickling, cover-
ing the use of nickel in hollow vessels of cast
iron. Since that date many other patents have
been taken out, and there are records in numer-
ous publications of recognition of the fact that
the introduction of nickel produces beneficial
results in ordinary cast iron. It has been of
great interest to find that at* least one well-
known firm of engine manufacturers has used
nickel in its castings for a number of years, and
a Midland firm is known to have incorporated
nickel up to 3 per cent, in pistons, valve-liners
and piston-rings for ammonia compressors
regularly since the year 1896.

The development of alloy cast iron, however,
has only recently come extensively under the
notice of engineers, and to-day the demand for
higher quality material is becoming ever more
insistent in the course of engineering progress.
The demand for improved cast iron is an urgent
one, for, although cast iron for some time has
been considered the Cinderella amongst com-
mercial metals, nevertheless engineers are now
realising that it possesses some valuable and
irreplaceable properties, other than its low
initial cost, which render it superior in many
applications to its more highly-refined and expen-
sive competitors. These characteristic properties
include ease of melting and casting into intricate
forms, good machining and wearing properties,
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as well as certain useful electric and magnetic
qualities. It is to make the most of these vari-
ous properties that progressive engineers and
foundrymen are now turning their attention to
a consideration of the improvements which are
obtainable in cast iron by various methods at an
economic cost. In this connection the employ-
ment of alloy cast iron is being intensively
studied, and the results of this development
work are already to be seen in the rapidly grow-
ing interest in the use of such metals as nickel
in the cast-iron foundry. The choice of nickel
as an alloy element has been fully justified on
physical and chemical grounds,l 2 as well as by
the results of practical experience.

A great deal of extensive research, both at
home and abroad, has recently established the
theoretical and fundamental influence of nickel
in cast iron of various forms, and the results of
such work are, no doubt, too well known to re-
quire repetition here; they were summarised
recently in a number of Papers, two of which,
under the broad title of “ Alloy Cast Irons,”
were delivered before the Institute of British
Foundrymen.2 3 Foundrymen and engineers to-
day are now keenly interested in the application
of these results in industry, and the object of
this Paper is to review briefly the current situa-
tion in the development of the alloy irons con-
taining nickel and to describe some of the results
now being obtained.

Application of Nickel in Cast Iron.

Clearly the successful application of any alloy-
ing element in a basic material such as cast iron
must depend on obtaining an improvement con-
sistent with economy in the production or service
of the material. Under these conditions the
added cost may be met either by the economies
effected in production or by the enhanced market
value of the special material on account of its
improved properties, or clearly by a combination
of these two. In the case of nickel there is
already apparent a growing demand for the
alloyed iron, which is based on the improved
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qualities which this material is daily being
demonstrated to possess, and it is now thought
only to be a matter of a short time before engi-
neers will be specifying such special irons in their
castings, and recognising the need for paying an
adequate price for them. With the recognition
of the superior qualities obtainable in cast iron
by the use of alloy additions, it seems probable
that an improved standard of prices for all
classes of high-quality engineering castings will
be obtained, which will benefit the foundry
industry as a whole.

The successful application of nickel in the
foundry is due largely to the fact that the bene-
fits derived from its use are obtained generally
with a comparatively small addition, and in most
of the applications to which reference is made
in this Paper the nickel content in the final
product is of the order only of 1 per cent.

The benefits derived from the alloy addition
may usefully be divided into two groups, those
which assist in the production.and manipulation
of castings in the works and those which result
in improved service from the cast part. The
first of these groups may be sub-divided into
improvements which are seen in the foundry and
those which are seen in the machine shop.
Knowledge of the first of these groups must
necessarily be greater at the present time than
is that of the second, for it requires the passage
of considerable periods of time to obtain com-
plete service records of engineering materials,
and little value can be attached to accelerated
service tests, such as wear and corrosion tests;
results of service tests are already coming to
hand, however, and a growing demand for the
alloy iron, based on the improved service given,
is now making itself felt.

Advantages of using Nickel in the Foundry.

The basis of the application of nickel in cast
iron is undoubtedly its equalising action on the
structure of thick and thin sections of a casting.
It has been established that, whereas an ordinary
iron cast in a g-in. section will show a white
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chilled structure, at the same time this iron will
he open and soft in a heavier section of 1 m. 0L
more; nevertheless, in the corresponding nickel-
iron, with a content generally of 1 per cent, of
nickel, the tendency to chilling is eliminated, so
that the thin section is grey and machinable and
at the same time the heavier section is appre-
ciably hardened owing particularly to the action
of nickel on the matrix of the iron.2 Fig. 1

Scct/on Tnl/cf(/vess Inch.

Fig. |.—|m§ ilgil In ?qualising

gives a typical example of the hardness figures
obtained in normal and nickel-iron castings, and
illustrates well the equalising effects mentioned.
Records show that in some cases a hardness
difference of about 200 Brinell between the i-in.
and 1-in. section of a casting may be reduced to
about 20 points in a casting suitably alloyed
with nickel, and at the same time the iron is

very appreciably hardened and strengthened in
the heavier sections.
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Uniformity of Product.

The practical result of this equalisation is that
the nickel-iron shows a much greater latitude
as compared with the ordinary iron, so that
uniform structure may be obtained over a wide
range of section-thickness. This has a very im-
portant application in the foundry in enabling
certain difficult castings to be made satisfactorily,
in which high hardness and strength is required
in heavy sections; or sections which cool slowly
owing to casting design, whilst the metal quality
is determined by the machinability of some thin
section on the outside of the casting. As an
example, reference should be made to the often-
quoted case of motor-cylinder blocks, where the
hardness and closeness of the cylinder bores and
of the valve seats are of paramount importance
in obtaining maximum wear, and yet the quality
of iron is often determined by the machining
requirements on some small water-exit boss situ-
ated in the middle of a thin-section water-
jacket.2  This particular application of nickel
will, however, receive further attention under
the heading of “ The Properties of Nickel Cast
Iron.”

It is in this connection especially that great
improvements in strength and properties can be
demonstrated in cast iron by the use of nickel.
Disappointment is sometimes expressed at the
meagre improvements which may be shown by
test-bar results, but, as the author has already
pointed out,4 the separately-cast test-bar is not
capable of measuring the strength of vital in-
ternal portions of a casting, and it is by using
an iron such as a nickel cast iron which pos-
sesses a greater uniformity in structure from
section to section and a greater latitude, that
appreciable improvement in these vital sections
is obtainable, whilst uniform machinability is
maintained.

For thin section, but somewhat intricate,
castings (required to be tough and perhaps
machined locally), such, for example, as mani-
folds for internal-combustion engines and switch
-movers, great uniformity of production is being
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obtained by the regular incorporation of a small
percentage of nickel in the iron. A similar
application is found in the production of small
pistons, when perhaps five Or six pistons are cast
from one runner. Any tendency for the piston
farthest from the pouring end of the runner
to show chill and hard spots may be successfully
combated by the use of nickel in the iron.

In virtue of the enhanced latitude of the alloy
iron, a much greater uniformity of product may
be obtained. This is especially the case when
working with a *“ border-line ” iron, when the
normal fluctuation in the working of the furnace,
and composition of the iron, would tend to give
too wide a variation in production, even to the
extent of obtaining castings scrapped through
machining difficulties on the one hand, or
porosity and open-grain troubles on the other.

From the foundry point of view, a very far-
reaching result of the equalisation of structure
which can be obtained with a nickel iron is the
extraordinary closeness and freedom from
porosity in heavy sections, and at junctions of
sections where drawing is likely to occur. In
foundry production, nickel is proving very bene-
ficial in cutting down the number of scrap and
waste castings owing to porosity and openness
and is overcoming difficulties which repeatedly
occur in certain classes of work.

The illustration, Fig. 2, shows one of these very
important applications of nickel and is typical
of many others. In many pistons, trouble is
invariably found in obtaining a sound boss, in
the middle of a skirt which has to be machined
right up to the extreme edge. If silicon is in-
creased in order to obtain the desired machina-
bility, then porosity very frequently will make
its appearance in the boss. Several firms inte-
rested in nickel have found its application in
connection with the production of pistons emi-
nently successful and are obtaining results such
as are illustrated. The piston on the right shows
the usual form of porosity which occurs in this
particular design, when the mixture was con-
trolled so as to give a uniformly machinable
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casting. By the reduction of silicon, this casting
was rendered sound, but chill spots on the bottom
of the skirt spoilt the machinability. By the
addition of nickel this trouble has been entirely
overcome, since nickel restores the machinability
of the casting without giving any tendency to
openness in the heavy sections. In Table | the
analyses of these two pistons are given, and also
comparative Brinell hardness figures for the boss
and the skirt.

2. TwO Pistons, of whnich that on the left is

from Nickel lron.

Such castings as couplings, and gear blanks
requiring easy machinability on the flanges,
often show porosity in the centre boss. As in
the case of pistons, nickel has provided a solu-
tion of this trouble for many foundrymen. In
such applications several firms have found that
the addition of nickel results definitely in re-
duction of scrap and waste castings, thus main-
taining the production rate of the foundry and
giving a more reliable product. Each foundry-
man will no doubt find similar applications in
his own work.

made



184

Soundness of Heavy Sections.

Remarkable results have been obtained on the
use of nickel in castings of heavy section which
require to withstand pressure. Illustrated in
Fig. 3 is a section cut from the middle of a
cylindrical block 65 in. dia. and 15 in. long
and cast on-end. The analysis shown for this
section indicates that the normal elements in
the iron are present in the usual proportions,
and 1 per cent, of nickel has been added. The

Tanie |.— Comparison of Pistons in Normal and Nickel
Irons.
Normal iron. Nickel iron.

I O 3.35 3.35
Si 1.8 1.6
Mn 0.8 0.8
S 0.12 0.12
P 0.25 0.25
Ni — 1.0
Boss Unsound Sound
Brinell—

Boss 190 200

Skirt 241 235

hardness-figures taken across the section illus-
trate the remarkable soundness which is ob-
tained in the very centre of this heavy block.
The hardness-figures shown in the example is
196; other blocks of a similar nature have been
prepared, and the analysis and hardness-figures
obtained on these are given in Table II.

They also illustrate this feature of remarkable
uniformity throughout the section. It should be
mentioned that no special casting precaution
was taken except that a head about 6 in. high
was cast on the end of the block, the casting
being made in cold, dry-sand moulds. No
figures are available at the moment for a com-
parison between these and ordinary cast iron
containing no nickel, as sound castings could
not be obtained in this latter case.
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As a more practical application of this fea-
ture, certain castings were made up which were
required to withstand extraordinarily high-
pressures between holes bored right through the
centre of heavy sections. A particular example
of such a casting is virtually a solid block 20 in.
square by 5 in. thick and contains only two
small cores, apart from slight recessing on one
side. The lower side of the casting has to he
machined to give a working face and various
ports and holes are bored through the casting,
whose sections in most directions are on the
average 6 in. thick. A pressure test of 4,000 Ibs.
per sg. in. is then applied between these various

Tabie |l.—Hardness Figures across Sections ofSand Cast
Blocks 15 in. long x 6J in. dia.
T.C. Si Mn. S. P. Ni. Cr.
(@ 3.29 1.06 0.95 0.12 0.24 1.01
(6)2.93 1.08 0.83 0.11 0.24 0.77 0.235
() 3.27 1.21 0.88 0.22 0.2t 0.75 0.250
(d) 3.20 1.12 0.90 0.13 0.28 0.71 0.210

Hardness across section.

(@ 207 196 19 196 196 196 196 —
(6) 207 207 207 207 207 207 207 -
c) 187 179 179 179 179 179 187 187
Ed% 207 207 207 207 207 207 207 —

ports and the casting must prove itself abso-
lutely pressure-tight. Nine of these castings
were made by various methods from an ordinary
cast iron and were all scrapped. In the present
run, nine of these castings have been made up
from a mixture whose typical analysis is:—
T.C.,, 3.3; Si, 1.12; Mn, 0.8; S, 0.16; P, 0.4;
Ni, 1.0; and Cr, 0.3 per cent.

The castings were cast in cold, dry-sand
moulds, and all of these have passed the tests
satisfactorily. In this case, the opinion in the
foundry is that the use of nickel in the iron
has made this casting possible and has saved an
extremely expensive and difficult machining job
in steel, and incidentally the advantages of good
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wearing surfaces have been obtained in the non
casting. A similar application is illustrated in
Fig. 4, a cast-iron plate which forms part of a
modern type-setting machine. lhe form of
casting, which is roughly about 9 in. square and
2 in. thick, is clearly seen, and the machined
plate in the background illustrates the severity
of the service requirements of the casting in
that pneumatic pressure is applied to the various
bored-holes and there must be no leakage be-

Fig. 3.—Section Across the Centre
oe Large Cylindrical Block in
Nickel Iron.

tween one hole to the next. The two sections
in the foreground were taken from castings
made under exactly similar conditions except
that for the upper section, silicon had been re-
duced in the iron and nickel was added. The
analysis of the two irons are given in Table I1I.
The unsoundness of the ordinary iron is clearly
seen; and these castings often required to have
the holes drilled through them, subsequently
bushed with cast-iron bushes in order to make
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them pressure tight. The nickel-iron in this
case gave a sound casting which has given
entirely satisfactory service. These examples

are typical of the soundness which can be ob-
tained in heavy sections by the use of nickel in
cast iron.

Many other applications in the foundry will
occur in castings which give trouble due to

Fig. 4.—Section of P late P ressure Castings

in Normal and Nickel Ilron.

openness and porosity. In this connection active
interest is being taken in the use of nickel in
locomotive cylinder castings, which notoriously
give trouble with porosity at the junction of the
sections where the piston-valve-chamber and
steam-ports join the cylinder proper. In certain
of these castings, caulking has been considered
inevitable, but it is believed that, although this
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may not be entirely eliminated, it may very
easily be reduced by the use of nickel in an iron
of suitable composition, and experiments are now
proceeding on these lines.

Cylinder covers of all forms are also notorious
for giving trouble, with porosity at change of
section or at the junction of varying sections,
and here again nickel is being applied success-
fully to the production of sound castings. In
the case of one jobbing foundry, one out of every
two castings of a water-jacketed cover off a diffi-
cult pattern were scrapped; the silicon content
of the iron was reduced from 1.8 to 1.5 per cent,
and 1 per cent, nickel was added. Since then
the scrap loss has been reduced, so that at least
three out of four castings are now entirely satis-

Tabie |lIl.—Plates subject to Pressure Test.
Normal iron. Nickel iron.
L [ O 3.4 3.4
Si 1.8 1.54
Mn 0.8 0.94
S 0.14 0.07
P 0.25 0.12
Ni — 0.91
Plate Unsound Sound.

factory, and it is hoped that with further modi-
fication of the composition this figure may be
improved upon further.

Interest in the use of nickel in the production
of sound and close castings is also reaching to
the production of many small pump parts foi-
valve castings and general hydraulic castings
and for various gas-engine castings such as
breach-ends.

The thoretical explanation of this benefit,
which can be obtained by the use of nickel, lies
undoubtedly, as mentioned before, in the equal-
ising action of the alloy addition. In irons
which tend to show coarse, open structures in
heavy sections, improvement is obtainable by
the reduction of silicon. The subsequent



addition of nickel gives the necessary control of
the machinability of the casting without tending
to open up the structure in thick sections. The
photomicrographs, Figs. 5 and 6, show the effect
of the alloy on the pearlitic structure of the iron,
indicating a very marked refining influence which

Fig. S5.— Ccylinder Iron, wz.Z Cb x 500.

is associated with the improved hardness and
density of the structure. As a general rule also,
a finer form of graphite is associated with the
alloyed iron.

Function of Chromium.

In some of the analyses and examples of appli-
cations of nickel, given in this Paper, chromium
is found associated with the nickel. The action
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of chromium has been fully investigated and ex-
plained.2 8 Briefly, it may be repeated that to
obtain the maximum benefit from nickel a suit-
able adjustment of composition should be made
in the iron, so that the machinability of the
casting is maintained ; in other words, so that

Fig. 6.—AS for Fig. 5, with 1 per cent.
Nickel added, x 500.

the iron before and after alloying should demon-
strate a constant depth of chill under given con-
ditions. In order to achieve this end, it is
usually recommended that the silicon content
should be reduced. Equivalent values for nickel
and silicon in reducing chill have been worked
out, and in practice it is usually found satisfac-
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tory to replace each part of silicon by three or
four parts of nickel. Under certain circum-
stances, however, it is not easy, nor perhaps
desirable, to make this silicon reduction, and it
is under these circumstances that chromium is
added with nickel so as to obtain the maximum
benefit in the iron.

As far as experience shows up to the present,
it is doubftul as to whether the maximum benefit
in cast iron is obtained by the use of reduced
silicon and the addition of nickel or by the
simultaneous addition of nickel and chromium
with no alteration in silicon-content. In general,
however, with medium or higher silicon, a reduc-
tion of this element on making the alloy-addition
is preferred, not only as giving undoubted im-
provement in properties in the iron, resulting
perhaps in a greater elimination of porosity, and
a general densening of the finished castings than
would be obtained by the addition of chromium,
but also, since this method is the cheaper as
regards cost both of base iron and alloy
additions.

It is frequently found, however, that in irons
of low silicon-content used for heavy-section
work, or in heat-resisting castings, under con-
ditions where it would be difficult to reduce
silicon further, very great improvement is
obtained by the simultaneous addition of the two
elements. Clearly then, in every case, economic
conditions as well as current practice in the
foundry must be considered in planning develop-
ment work, and deciding on the optimum method
of employing the alloy additions.

The influence of an addition of nickel and
chromium on the matrix of the iron shown in
Pig. 5 is illustrated in the photomicrograph,
Fig. 7. These three micros were taken at the
centre of the I1.B.F. “ L ’-size bars (cast
2.2 in. dia.).

Influence of Nickel on Machinability.

Having considered briefly the application of
nickel in cast iron from the point of view of the
production of castings in the foundry, it is now



proposed to give some consideration to the effect
the use of nickel will have on the subsequent
machining and other operations to which the
castings are subjected. It has been shown in
much of the earlier experimental work that
perhaps the most important influence of nickel

Fig. 7.—AS for Fig. 5, with 0.85 per Cent, of
N ickel and 0.25 per Cent, of Chromium
added, X 500.

lies in its power to eliminate chill and hard
spots.3 Nickel accordingly is now finding ex-
tensive application where machining trouble has
occurred through the occurrence of hard, chilled
spots, and numerous examples of the application
of nickel to overcome this difficulty are coming
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to hand. As an example, a firm which makes
many hundreds of castings of a small connecting
rod, which has to be drilled at each end, were
having trouble.with this machining operation,
and, as will be appreciated, serious dislocation
was liable to occur in production if a tool broke
through encountering such a spot. It was not
easy in this case to work a special mixture of
iron for these castings owing to the fact that one
or two standard mixtures only were run from the
cupola, consequently it had become the practice
to anneal these particular castings in order to
obtain the machinability which was required.
Fresh trouble arose here through warping during
the annealing process, and yet another operation
became necessary for checking up and straight-
ening the castings. With the introduction of
1 per cent, nickel, however, into the iron, uni-
form machinability is now being obtained, and
the subsequent annealing with its associated
troubles has been entirely eliminated.

Such an example points to another useful
application of nickel, in that in a jobbing foun-
dry where a large number of castings of different
sorts are produced, nickel may be used to cut
down the number of different metal-mixtures,
which are required to accommodate all the dif-
ferent classes of work in progress. Thus in the
case of one foundry whose production varies
from large cylinder-castings for Diesel-engines
down to very small air-cooled petrol-engines,
four grades of high-quality iron were usually
run for the different classes of work. Now, how-
ever, following the introduction of nickel for
certain of the castings, it has been possible to
reduce the number of metal mixtures to two,
and incidentally these mixtures are the cheaper
ones to work in that they are of lower silicon-
content and contain greater amounts of steel-
scrap. The illustration Fig. 8 shows a small
air-cooled petrol-engine which in the cast con-
dition is overall just over 6 in. high and has a
cylinder bore of 1| in. This casting is being
made in this foundry very satisfactorily and
with uniform machinability from a metal mix-

H
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ture regularly run for much heavier castings,
and 1 per cent, nickel is added in the ladle,
this eliminating special charges for this work.
No evidence has been obtained of any loss ot
fluidity in cast iron by the addition of nickel
up to ! or L£ per cent, even when the nickel
is added in the ladle. Extensive experiments
have also shown that the nickel iron has the
same shrinkage as has the ordinary. The
commonest example of the need for uniform
machinability is perhaps found in connection
with automobile-engine castings and pistons.

Fig. 8.— smat1 Air-cooled

Petrol-engine Casting

Fig. 9 gives an illustration of a normal auto-
mobile-engine casting, and it will be appreciated
how much machining is required on the outer
parts of the blocks, including the three faces on
the side which are attached to the thin water-
jacket, whilst the vital portions of the cylinder
are not only of heavy-section hut have their
cooling seriously retarded through the mass
effect of the casting and through the heat
generated by the burning of the oil in the cores.

Many manufacturers of cylinders would prefer
to use a hard iron, but in the normal operation
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of the cupola they dare not get too near the
border-line for fear of having the castings un-
inachinable. By the incorporation of a small
percentage of nickel, perhaps of less than 1 per
cent., uniform macliinability may be obtained,
even in castings made from a harder and
stronger mixture than had previously been used.

For obtaining uniform machinability, nickel
is finding ever-increasing applications in various
industries, and one important manufacturer of
engine-castings is known to add or f per cent.

Fig. 9.— Automobile Engine Block.

nickel to a large proportion of his products for
this purpose. Nickel is rapidly serving a similar
purpose in other industries such as in the manu-
facture of textile and agricultural machinery ;
in fact in all cases where small castings are
turned out on a mass-production basis, and the
inconvenience caused by the breaking-down of
a multiple tool through unmachinability of the
castings becomes a very serious factor in hin-
dering production.

The use of nickel, however, in this connection
is noli by any manner of means confined to small

h2



castings, for considerable interest is being shown
in its use in even very large castings such as
rollers for paper-making machinery, sugar-
machinery, and so on. Usually, in these cases,
the problem is to obtain a good machinable iron
which will take on a high polish and a good
hard-finished surface, for which a close-grain is
clearly essential.

Properties of Nickel Cast Iron.

The influence of nickel in improving produc-
tion in the foundry and machine shop has been
considered, and it is natural to expect that
benefit would be derived from that improvement,
in the association of better properties with the
castings made under these conditions. This
improvement, resulting in better service from
the castings, is being demonstrated daily, and a
large part of the argument for the use of nickel
depends on this enhanced quality of the final
product. This improvement in properties is un-
doubtedly closely related to the improvement in
production which has already been dealt with,
and can very largely be referred to the equalisa-
tion of structure and resultant soundness in
heavy sections which accompany the general
closing-up and densening of the grain of the
iron.

Improved Wear.

One of the first results of this denseness of
internal sections is that castings can be obtained
which show definitely improved wearing proper-
ties, and on this account nickel has already
proved its worth in assisting in the production
of castings which possess a longer life. Perhaps
the best-known example of this is the case of
automobile-engine blocks and liners. It is not
yet possible to produce actual statistical evidence
of this, since experiments which are in hand at
the moment will take months, if not years, to
complete in order to obtain reliable measure-
ments of wear in service. No reliance can be
placed in accelerated laboratory tests for mea-
suring this property, since the life of an iron
will depend entirely on considerations of load-
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ing, lubrication, and so on, which condition
cannot be reproduced effectively in the labora-
tory. Several manufacturers, however, have
demonstrated to their own satisfaction that im-
proved wear is obtained by the addition of
nickel-chrome to their ordinary iron, and one
would expect that this improvement would be
seen also in the corresponding low-silicon nickel-
iron. Other manufacturers of both private and
commercial motor-vehicles who have experi-
mented for themselves confirm this and report,
as a result of extensive bench- and road-tests,
that a very marked improvement in the life of
cylinder-blocks is demonstrated by the alloy-
irons.

The call for improved life in connection with
commercial and public-service vehicles is more
urgent generally than is that in the case of
the private car. One manufacturer, who made
some nickel-chromium blocks containing an addi-
tion of 0.7 per cent, of nickel and 0.25 per cent,
chromium in his ordinary iron for this heavier
class of work, found, after the engine was run
for an equivalent of 11,000 miles at 48 miles
per hour, that there was no measurable wear
at all. This is very surprising in that the initial
wear of the cylinder block is invariably the worst
in normal service.

In this connection a similar application of
nickel-chromium is foimd in centrifugally-cast
cylinder liners containing nickel and chromium,
which are turned out on a production basis in
order to obtain improved service from these cast-
ings. Other applications of nickel in cast iron
to improve its wear are coming to light day by
day, amongst which mention may be made of
certain heavy machinery parts, such as lathe
beds, in which well-finished, good-wearing sur-
faces are required.

Improved Mechanical Properties.

Nickel cast iron is finding extensive applica-
tion also in consequence of the improved strength
and resistance to impact which has been demon-
strated for it,* which, added to the good wearing
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qualities of the material, render it eminently
suitable for such castings as die blocks. It is
recorded that certain firms are finding that a
nickel-chrome, cast-iron block will often give
better service than a steel block, and are now
using regularly a nickel-chrome iron for this pur-
pose. There 'is no special feature in this iron
apart from the addition of nickel and chromium,
as is shown by the following analysis, which is
taken from a die block which successfully re-
placed a similar part in steel, and clearly at a
greatly-reduced cost:—T.C., 3.45; Si, 1.24; Mn,
0.61; S, 0.137; P, 0.54; Ni, 1.67; and Cr, 0.39
per cent. The actual life of this block was
several times that of its steel counterpart.

In virtue of its action in densening and
strengthening an iron, considerable interest is
now being shown in the application of nickel to
grain rolls, for producing a harder and better
wearing surface. In this application it would
appear that the best results may he obtained by
the use of nickel and chromium together in the
iron, since initially the silicon in a roll iron is so
low that it would he a matter of some difficulty
to reduce it further without extensive modifica-
tion of furnace charges and control. The im-
provement will also result in better wear of the
roll journals and general improvement of
strength, all of which will undoubtedly tend
towards better service.

Other applications of nickel cast iron, in view
of its increased strength and toughness, are too
numerous to refer to here, but amongst such
there are many small machinery parts, such as
spindles and bushes, gear-wheel blanks and
couplings, for which the improved strength,
coupled with the possibility of getting a sounder
casting free from porosity in the bosses with
ready machinability on the flanges, renders
nickel cast iron particularly suitable. Numerous
other similar applications will occur in connec-
tion with each industry.
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Machinable Hardness.

Castings which possess abnormally high hard-
ness and are yet commercially machinable can
be produced regularly in alloy cast irons con-
taining about 2 to 3 per eent. of nickel. Cast-
ings of this type will show great uniformity of
structure, and the nickel is especially valuable
in obtaining these high hardness figures, since
there need be no tendency to the formation of
chilled spots in the castings. Irons of this tvpe
are in favour for various castings which are sub-
ject to excessive wear, in cases where the slower
speed of machining which will be necessary with
this type of material is not a serious drawback.
It is not uncommon to hear of castings of this
type being machined at speeds little below the
normal and having Brinell hardness values of
260 or 280, and cases have been encountered in
which irons having hardness values well over 300
have been satisfactorily machined.

Conclusion.

In this Paper consideration has only been
given to the application of small amounts of
nickel in grey cast iron. It should be mentioned,
however, that nickel is finding extensive appli-
cation in white and chilled cast iron, and also
that higher percentages of nickel find use in
cast iron of various grades in virtue of its
influence in rendering the structure austenitic.
Space, however, does not permit more than a
passing reference to these applications.

The influence of nickel on the properties of
cast iron has been well established as the result
of extensive research work. In this Paper the
practical application of nickel on the basis of
this research has been considered. It has been
demonstrated that the action of nickel leads
to material improvement in the production of
high-quality cast iron in the foundry and in
the subsequent handling of the casting in the
machine-shop. This improvement is due, in part,
to the equalisation of structure brought about
by the added element and the much greater
latitude of the alloyed iron. The improvement
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thus obtained is proving of the greatest va® e
to foundrjmen and engineers, and enables diffi-
cult castings to be made successfully where
normal compositions of iron, cast under ordinary
conditions, have failed. This is especially the
case where high-hardness and good-wearing
qualities are required on certain parts of cast-
ings, which have to show wuniform machin-
ability across varying sections; and castings
commercially machinable, yet show'ing very high-
hardness values, can he obtained in the alloy
iron. The use of nickel in cast iron tends
towards a general uniformity of product, which
is of great value in production work where
variation in machinability is to be avoided.

In the foundry each particular casting pre-
sents its own special problems, but it is felt
that the examples given in this Paper will give
some indication of the lines along which nickel
is successfully and economically finding applica-
tion in cast iron, and indicates some of the
benefits which are to be obtained, first by the
foundryman and secondly by the engineer
through the employment of this material.

The author wishes gratefully to acknowledge
his indebtedness to the Bureau of Information
on Nickel, Limited, for assistance in the prepa-
ration of this Paper and for permission to
publish the information given.
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JOINT DISCUSSIONS ON THE FOLLOWING
PAPERS.

“The Influence of Chromium in Cast Iron,” *“The
Influence of Manganese in Cast Iron,” and
“The Pragteal Application of Nickel in Cast Iron.”
Mb. H. clt:cé:lspeaking with regard to the

machinability of nickel cast iron, said Dr. Everest
had only put forward data of an iron of one
particular composition. The use of nickel seemed
to be limited in application to a very small
range of silicon irons, but it seemed that if the
silicon was slightly reduced and some nickel
added a more machinable iron was obtained.
Could the author say what was the result of
adding nickel to the higher silicon irons? Per-
sonally he was interested in cast iron with a
Brinell hardness in a ¢-in. section of 70 to 75
and was there any possibility of nickel helping
to obtain a result of that kind? There was no
reference in the Paper to the application of
nickel to the higher silicon irons, nor was the
application of nickel to metal used for electrical
purposes mentioned. He had in mind electrical-
resistance grids and similar work. The Paper
suggested a particular range of silicon as being
more favourable to the addition of nickel in
order to obtain the best results. In the case
of electrical-resistance grids 3 to 3| per cent,
of silicon was used, and if nickel were added to
obtain a better resistance, could the silicon be
reduced to 1.8 per cent.?

Manganese and Shrinkage.

With regard to manganese, Dr. Norbury in
his Paper dealt with the shrinkage in grey cast
iron, ~.nd it would be useful to hear something
with regard to the shrinkage which gives trouble
in the foundry, viz., draw holes and shrinkages.
A certain amount of work had been done by
Cook and others, but in general, foundry prac-
tice had progressed little in the past 20 years in
the control of draws and shrinkages, by way of
the analysis of the iron used, and that was un-
doubtedly one of the greatest difficulties with
which the general ironfounder, making a large
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range of work, had to deal. Therefore, he would
like to know whether Dr. Norbury in referring
to shrinkage intended to make any suggestion
with regard to draws and shrinkages. He did
not know whether he was in order in making
any comparison between Northamptonshire and
Derbyshire iron, but he believed it was generally
recognised that Derbyshire iron gives less trouble
with draws and shrinkage than Northampton-
shire iron. He had proved that time after time
in separate experimental heats numbering many
hundreds, and had come to the conclusion that
the manganese in the Derbyshire iron—which was
greater than in the Northamptonshire iron—has
much to do with the immunity of the Derbyshire
iron from shrinkage. He might be totally wrong,
but it served his purpose to work in that direc-
tion; at the same time, he would like Dr. Nor-
bury, if possible, to enlighten him on the
subject.

Lquered Rhgsphorus Reduces Shrinkage.

M’:Oﬁ S. %mﬁn(American Foundry-
men’s Association) remarked that experience in
the United States entirely confirmed what was
stated in Dr. Everest’s Paper with regard to
nickel, from | to 1 per cent, nickel was used
in castings for cylinder liners, crankheads, etc.,
and in that way castings had been obtained
which otherwise would not have been machin-
able. By adding 1 per cent, nickel something
like 0.5 per cent, silicon was eliminated and a
machinable casting was obtained. Had Dr.
Everest made any definite tests for wear of such
material on any standard wear-testing machine?
So far there had not yet been developed in the
States a satisfactory machine for testing wear
in cylinders or frictional wear generally. As
regards the point mentioned by the last speaker,
viz., shrinkage, this had been reduced in the
States by using a lower phosphorus content. In
that way the good castings had been increased,
keeping the phosphorus below 0.2 per cent.

Oyvercoming Gear>Blank Porosity.

Mr. J. pointed out that although it
was said that the addition of nickel results in



the absence of porosity in castings, the findings
given in the Paper related to sections which
were really on the small side. In the case of
a relatively small gear blank, 16 in. diameter as
cast, with a rim face 2- in. wide and 2j in.
deep, and on which the faces had been machined
and teeth cut li in. deep, nothing could be
hidden after the machinist had done his work,
all the faults of the metal being laid bare to
the world. At present these castings had the
following composition:—Silicon, 1.3; manganese,
0.8; total carbon, 3.2 to 3.3; phosphorus, 0.4.
and sulphur, under 0.1 per cent. From the
Paper it seemed to him that if there were
porosity trouble it would be necessary to lower
the silicon a certain amount, add a definite
quantity of nickel, and hope for better results.
At present, in order to render the castings re-
ferred to sound, it was necessary either to chill
or to feed, and he would like to know if Dr.
Everest could say whether it is possible to obtain
such a casting sound by the aid of nickel with-
out either feeding or chilling. He did not think
it could be claimed as a general proposition that
the reduction of silicon to any extent was neces-
sarily a step in the direction of increasing
solidity. There must be a certain minimum line
beyond which there was no reduction of cavity
consequent on the lowering of silicon content.
By reducing the silicon to the minimum possible
or practicable, one could get a casting which
would stand up to a pressure test; but it did not
follow that the casting was free from cavities.
He came across a case recently in which there
was a spongy mass of material, leaving in.
sound metal between a steam chest and the
outer world which had held up for 30 years.
Therefore it did not follow that with a pressure-
tested casting there were no internal cavities,
and all troubles were over. He was wondering
whether in the case of a gear-blank such as he
had mentioned the reduction of the silicon from
1.3 to 1.2 or 1.1 and the addition of a certain
percentage of nickel would reduce the porosity,
and if so, why? As a matter of fact he had
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recently cast one of these blanks without re-
ducing the silicon but adding about 2 Pel cent,
nickel, and was sorry to say that porosity showed
itself in the rim. This was without, of course,
any additional work by way of feeding or chill-
ing. He had also tried a crystallisation shrink-
age test on the same iron, and again the con-
clusion was that an iron of the character he had
outlined containing about 2 per cent, nickel,
cast in a green-sand mould, lost about 3 per
cent, of its volume on freezing. This loss would
have to be made good by one or other of the
various methods known to the foundryman.
Consequently, the value of nickel additions in
such cases was very doubtful.

ickel Additions and Internal Porosity.
Mb. F. (American Foundry-

men’s Association) said he was a firm believer in
the use of nickel for the purpose of removing
internal shrinkage, and he believed nickel had
its definite application as suggested in the Paper
by Dr. Everest in that it prevented waste cast-
ings by providing a more uniform structure.
Indeed, be did not think that the use of the
cast test-bar fully revealed the real value of the
addition of nickel to a casting, and when a
casting was broken up the evidence of the advan-
tage of adding nickel was much more definitely
shown. At the same time he did not think the
elimination of internal porosity would come
about by the use of nickel, and there were many
investigators who held similar views.

Manganese Content and Chill.

Mr. .Jd‘n speaking first in regard to
Dr. Norbury’s Paper, said be was pleased that
the author had furnished further evidence that
manganese up to at least 0.3 per cent, above
that required to satisfy the sulphur present
reduced the combined carbon. It was thought
by some that he might have found a higher
figure if he had not used synthetic materials,
especially if tried on a thick section. Some
twelve months ago Dr. Norbury had promised to
try this latter out by casting two 3-in. bars
in moulds heated to a high temperature, one
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containing a low manganese content, the second
with about 0.6 per cent, above that required to
form MnS. Could the author say if he had
found time to test this out, because it was of
some importance to those making very thick
hydraulic cylinders. The hardening effect of
manganese was not very apparent in Fig. 1.
Coe’s C.C. rose from 0.19 per cent, with 0.37 per
cent. Mn to 051 with 2.09 per cent.
Hamasuma’s had 0.74 per cent, with 0.38 per
cent. Mn and 0.87 per cent. C.C. when the Mn
was 1.19 per cent., with little sulphur in either
case. Waiist’s figures in D and E were very
similar. Although the Brinell numbers might
increase, due to alteration of structure, and
graphite, machining was not effected up to 1 per
cent. Mn. Cook had frequently stated that he
found anything above 0.4 per cent, manganese
had a tendency to chill in cylinder work. This
was due to the denseners he used in his body
core, and the speaker thought he noticed in
Fig. 15 some work he did years ago. Below were
two other chill tests, 15 C and D. He would
like to'know how these figures were obtained and
how melted. The analysis was unusual for a
chill of 1|, as shown. It would also be better
if the origin of the latter was put on the Paper.
He had no wish to rob anyone of the honour of
producing such a figure.

With regard to chromium, he personally had
done very little except with a much higher per-
centage than that mentioned in the Paper by
Dr. Donaldson, who had some bars of his which
he wanted the author to try out. In that
material there was a definite softening action
on the structure without any graphitisation at
all, but the material could be turned, but he
doubted w'hether in the case of Diesel-engine
cylinders or other similar parts which are com-
paratively straight and where there was no part
temperature the middle and top portions would
be free from trouble and whether there would
not be some free-wearing part.

Nickel was being used by him for special
purposes, and he knew that in the case of
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cylinders for air compressors which had to with-
stand a pressure of 3,000 Ibs., whereas with a
specially refined iron bad results were obtained,
the addition of -1 per cent, of nickel
enabled castings to be obtained which in-
dicated no leakage under this test. He
knew very little about ordinary grey iron
and the addition of nickel, but_ he had
in his possession some samples containing 13 per
cent. Monel metal, which had been for 12 months
under conditions of alternate wet and dry, and
this had had a great influence in preventing

rugy.

M’.H. J. YQI'gsaid that Hr. Donaldson’s
Paper was a continuation of the series started by
that author someyears ago, and which con-
stituted, as he had suggested on a previous
occasion, a cast iron research association in itself.
It represented some of the most valuable work
ever done, particularly because Dr. Donaldson
never tried to prove what he wanted to be true,
but merely offered such facts as he believed he
had proved as the result of exhaustive and
accurate observation. The present Paper drew
attention to a fact which may prove important
in relation to Diesel and internal combustion
engines, namely that the addition of chromium
increased the thermal conductivity by about 8
per cent. He (the speaker) had remarked pre-
viously that probably the greatest benefit from
alloy additions would arise only when those
additions were combined with the Lanz Perlit
Process. At the moment he saw no reason to
think that that prediction would not be realised.

“ Sulphur-Manganese Balance.”

As regards the Paper on manganese by Dr.
Norbury, he noticed that the author when read-
ing his Paper was unable to refrain from using
the term “ sulphur-manganese balance,” but that
same term, as far as he knew, did not appear in
the Paper itself. Dr. Norbury omitted to men-
tion the work of the present speaker published
in 1921, when he coined the expression “ sulphur-
manganese balance,” which he had heard used
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all over Europe since then. That particular
Paper stated: “ Irons in which the sulphur
content is not more than balanced by the man-
ganese content are relatively weak and hard, and
possess poor foundry properties as compared with
irons similar in composition other than that
the sulphur is properly balanced. . . . From a
tabulation of some thousands of results obtained
in actual practice the author has found no ex-
ception to the rule, that the weak or faulty
member of two irons of very similar composition
is that one where the sulphur content is inade-
quately balanced by the manganese content.

Tadev

Transverse  Car- Sili-  Phos-  Sul- Manga-
strength. bon. con. pharus. phcur. nese.
Lbs. % b % 7 7
2,342 343 117 0.60 0.231 0.23
3,533 3.47 127 061 0.220 041
2,025 3.39 1.67 1.12  0.176 0.27
3,494 3.40 1.64 1.08 0.172 0.49
2,352 3.37 1.56 1.21  0.137 0.28
3,553 3.35 1.52 1.15 0.132 0.44
1,747 3.45 165 1.08 0.122 0.27
3,791 341 1.62 1.05 0.129 0.51
2,223 ... 340 1.72 1.15 0.110 0.25
3,672 338 173 114 o0.112 058
3,732 3.37 1.73 1.01 0.116 0.40

Table VII (reproduced) gives a typical selection
of bars with varying sulphur content, and
affected only by the amount of manganese
balancing the sulphur.

“ The author . . . offers these practical results
and observations as something better to work
on, something impersonal and more scientific.

. For the moment, therefore, we may take it
that there does exist a very vital equilibrium
poin)tJ between the sulphur and the manganese.
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Anyone, particularly a research-workei, can
see from the figures of Table VIl what the excess
of manganese over sulphur has got to be. For
instance, an iron containing as much as 0.220
per cent, of sulphur gave the high transverse
strength of 3,533 Ibs. when the manganese was
only 0.19 per cent, in excess. In all the other
cases it so happened that the excess was about
0.3 per cent., and the speaker wrote as follows: —
“ It is to be most clearly understood that the
examples are extremes, and that the nearer one
gets to the critical point of equilibrium the more
difficult does it become, by chemical analysis, to
detect any difference between the two irons—
but the physical properties remain either very
good or very bad right up to each side of the
equilibrium.”

That Dr. Norbury should have overlooked this
evidence and not even mentioned it may explain
the redundant quality of much in his Paper.
The speaker was unable to accept the author’s
statement concerning the graphitising action of
manganese when it occurs up to 0.3 per cent, in
irons containing only 0.0l per cent, of sulphur;
why should it not be the effect of the manganese
upon the sulphur, and did not the whole of the
evidence point that way? In his Series B the
author showed that an iron containing 0.03 per
cent, sulphur and 0.06 per cent, manganese has
1.29 per cent, of combined carbon, but when the
manganese-sulphur balance is corrected, namely,
when the manganese is raised to 0.24, the com-
bined carbon falls to 0.90 per cent. Moreover,
an increase of manganese to a total of 0.43 per
cent, lowers the combined carbon by only another
0.06 per cent., which is within analytical error.
How then can Dr. Norbury talk about the
graphitising action of manganese when all he
did was to correct the balance between it and
the sulphur?

Nor can the speaker accept Dr. Norbury’s
work where he distinguishes between iron
sulphide and manganese sulphide by its colour
under the microscope. That would need a
research in itself, and a very difficult research it
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would be to carry out in an entirely unpre-
judiced manner on the cast irons of commerce.

Graphitising Action of Manganese.

It was to be noted that Dr. Norbury appeared
to agree with himself and his opposites at one
and the same time, for he states that the
graphitising action of manganese occurs only in
low-manganese irons (containing 0.01 and 0.03
of sulphur), and almost in the same sentence
says that the presence of only traces (0.01 per
cent.) of sulphur is sufficient to prevent
graphitisation. The truth seemed to he that
low manganese had no graphitising action what-
soever, but that mere traces of sulphur prevented
graphitisation. That truth will not be entirely
proved until work is done upon cast iron con-
taining no sulphur at all.

Then, again, Dr. Norbury failed to observe the
effect of high manganese, say, 1.5 per cent.,
where in large castings it caused a coarsening of
the graphite, an effect known for many years
past to those in control of a wide variety of
work. Very large quantities of castings had
been made by the speaker which contained man-
ganese from 0.75 up to 1.75 per cent., and apart
from the coarsening of the graphite and the
greater heat-resisting properties of the iron there
was no other effect. This was true with one
exception, namely that if there was a chill
inserted in the mould its chilling effect would
be affected by high manganese content of the
cast iron. In his summary Dr. Norbury pre-
sented several claims which in no way appeared
to be justified by the work in the Paper. As an
instance of this might be taken the following :+—
“ A low-manganese grey iron containing hard
spots of cementite in a pearlitic-matrix should
show good resistance to most types of wear.”
There did not appear to be one iota of evidence
in this Paper to prove anything of the kind, nor
did Dr. Norbury say whether he was speaking
of grev or of partly white iron. For example,
one might make three cast irons, each containing
the same amount of cementite in a pearlitic



matrix, but one containing 0.3 per cent, of
manganese, another 0.6 per cent.,, and t e ir
0.9 per cent. Which would wear the best.
Would it be the one with the last manganese,
and, if so, why? .

Mr. Young said his own Paper of 1921 pointed
out the poor mechanical and foundry properties
of cast irons where the manganese-sulphui
balance was faulty, and also presented figures
to show that 0.2 per cent, excess manganese was
sufficient to balance the sulphur. It might be
pointed out that Series A and Series B given in
Dr. Norbury’s Table | appeared to confirm this,
although Dr. Norbury later speaks of 0.3 per
cent.

It would appear likely that the author spoiled
his Paper by including too much in it. Chill
rolls, grey-iron-  castings, wear-resistance,
corrosion - resistance, mechanical strength,
shrinkage, black-heart malleable and white-heart
malleable were eight huge and separate subjects,
and those who were saturated with one or the
other of them were disinclined to accept a few
isolated tests as proving all the many things
presented here.

Nickel in Diesel-Cylinder Iron.

Concerning Dr. Everest’s Paper, Mr. Young
said the author was always an optimist, and he,
the speaker, admired optimism. Few things
would be either purchased or sold without it no
matter what their nickel content. The other
day at a meeting of leading metallurgists and
head-foundrymen one of them stated that the
use of from 0.5 per cent, to 1.0 per cent, of
nickel has reduced the waster castings from
10 per cent, down to 5 per cent, or less. The
difficulty arose when another equally good man
from an equally good foundry gave a flat denial
to that statement. It was exceedingly difficult
to prove these things, but, nevertheless, it did
appear likely that nickel used with scientific
judgment will prove valuable to some foundries.
He, the speaker, knew of foundries turning out
automobile cylinders by the thousand with very
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few wasters and no nickel; equally did he know
of other foundries having many failures in those
same castings. |If nickel helped the latter people
one need not worry about the former; the market
price of the product would decide. He would
much like “to have a go” at locomotive
cylinders with the help of nickel. Granted that
the locomotive cylinder people—some of them—
appeared to use any cast iron which their
cupolas liked to serve up from one day to
another; hut apart from that it represented a
casting where the last word had yet to be said,
and the use of nickel might prove not only
invaluable to the founders, but extremely help-
ful to the unfortunate machine and testing
shops on that work. Dr. Everest suggested
using Diesel-cylinder iron for automobile
cylinders by alloying the former with nickel,
but that entirely depended upon what Dr.
Everest called Diesel-cylinder metal, and one
would think that a foundry making those two
types of castings would find some other
expedient. However, all knew what Dr. Everest
meant. Nickel in cast iron was to have its
opportunity, and nobody would like to have
the chance of experimenting with it in certain
directions more than the speaker.

Ratios of the Elements in Irons.

Mb. F. J. Cook, speaking particularly with
regard to Dr. Norbury’s Paper on manganese,
commented on the fact that in the discussion
on the previous Paper Mr. Shaw had indicated
that he did not agree with him. He had, how-
ever, been used to being disagreed with for about
30 years, but from time to time he found evidence
that probably he was more right than some
of those who disagreed with him, and he rather
felt that Dr. Norbury’s Paper was in the same
category. Many years ago he was engaged in
trying to get out ratios of the various elements
in high-class irons—for which he had a weak
spot—and he had tried to ascertain in a work-
shop manner the ratios of the various elements
for different classes of work. This work varied
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in weight from a few hundredweight to many
tons, and from J in. thick to If in. thick for
steam cylinders, and in order to obtain gooc
wearing properties with these castings it was
necessary to get away from porosity in the bore
where the valve chest joins. There were
generally two chills where the valve chest joins
the body, and four others on the centre line
where the pressure of the piston comes. He soon
found there was a difficulty in avoiding hard-
ness, due to the chilling action, and he was
fortunate in finding out very quickly that man-
ganese was the element that was causing the
trouble. As a result he got out a balance which
he had mentioned several times. The figures
he arrived at were three times the sulphur with
a maximum of 0.4 per cent, in this particular
case, the silicon being 1.2; the sulphur, which
was one-tenth of the silicon, as he had pointed
out earlier during the morning, being 0.12 and
the manganese 0.4. That seemed to give the
best results. If he exceeded that percentage
of manganese there was a tendency to chill.
Having obtained that balance he never had
any more trouble with chilling, and the result
was due to the control of the quantity of man-
ganese which Dr. Norbury’s Paper seemed to
prove. Dr. Norbury might have gone farther,
because there was another factor which must
be borne in mind, viz., the question of mass.
So far as the work he had just referred to was
concerned, it had dealt with castings from f in.
to If in., but in the case of hydraulic cylinders
having thicknesses up to 4f in. there was a
graphitising action up to 0.7 per cent, man-
ganese, and in the case of chilled rolls up to
1 per cent, and more. Therefore, the mass
action of the quantity of material being used
must be taken into account, and if Dr. Norbury
would continue his work and give graphs' for
three ranges of work, it would be extremely
valuable for foundrymen generally. Recently
he had come across some very peculiar
phenomena in connection with manganese in
relation to semi-steel cylinders in which there
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were large patches of glazed surface, which
ranged from 4 in. to 1 ft. in length. Out of
151 cylinders, a large proportion showed this
phenomenon in varying degrees. On investi-
gating the cause of this trouble, he found that
in every case where the manganese was less
than 0.3 per cent, difference between that and
the silicon, this phenomenon was apparent. At
about 0.3. per cent, manganese, slight traces of
this effect could be seen, and where the man-
ganese equalled the silicon, it was very badly
marked. On etching, these surfaces were found
to be simply one mass of manganese sulphide.
By making the manganese 0.5 per cent, below
that of the silicon there was not a single in-
stance where the trouble mentioned occurred.
He did not know whether Dr. Norbury had any
explanation to offer for it. Of course, he was
aware of the differences in the melting tempera-
tures, but it was a very striking phenomenon.
Within a very short time of having to deal
with this difficulty he encountered another one
in regard to the cylinders and valve boxes for
ammonia-compressors for refrigerating work.
In this case the silicon was 2 per cent., and
as this quantity had a tendency to give open
porous places in the thick parts, this trouble
was overcome by inci'easing the manganese in
relation to the silicon. The method of increas-
ing the manganese was by the addition of ferro-
manganese to the melt, and as this was done
in a more or less rule-of-thumb method the
manganese had increased till it amounted to
about the same content as silicon, i.e., 2 per
cent. At this juncture porosity had been ex-
perienced, and large glazey patches were noted
on the machined faces, when, however, the
manganese was reduced to 1.5 per cent., the
glazed surfaces disappeared and porosity im-
proved. If Dr. Norbury could give any scien-
tific reason for this he would be extremely
thankful, because at the moment he could see
no reason for it unless it was a question of

the melting temperature.



Referring to Dr. Donaldson s Paper, particu
larly as regards Diesel engine work Mr Cook
said he was a convinced believer m the stabilis-
ing effect of chromium, and he had used it on
many occasions, up to 0.5 per cent.,, and foun
it exceptionally good for wear under heat
conditions.

Commenting on Dr. Everest’s Paper on nickel,
Mr. Cook said he was one.of the committee which
drew up the programme of work in this con-
nection, and he could bear out the remarkable
lowering of the chilling effect by the use of
nickel. As a matter of fact, Dr. Everest could
have given even more striking examples than
those he had mentioned in the Paper, and one
was an ordinary air-cooled motor-bicycle cylin-
der, the fins of which were absolutely white
when ordinarily cast, but by adding nickel
these all became grey, and yet the hardness in
the bore of th lindey was increased.

Mr. R. P. (American Foundry-
men’s Association) asked for information with
regard to the elimination of shrinkages in such
straight-line cylinders as those for Diesel
engines.

Mr. E. I_C)'gﬂ’]asked Dr. Everest for infor-
mation as to the cost of adding nickel to cast
iron. With regard to Dr. Norbury’s Paper, he
said he had been carrying out experiments and
was wondering whether Dr. Norbury could tell
him exactly the effect of adding 0.35 per cent,
manganese to a metal containing 2 per cent,
silicon, sulphur 0.15 per cent., and the usual
amount of carbon in grey iron. The practical
result was that the metal was absolutely
unmachinable.

Mr. R. S. (American Foundry-
men’s Association) said he had found nickel has
an indirect effect in making iron harder, but
the addition of plain nickel to any particular
metal he had not found had any decided effect.
He would therefore like Dr. Everest, if he could,
to differentiate between the direct and the
indirect effect of the addition of nickel.
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AUTHORS’ REPLIES.

D’. [hl'&kn replying to the discussion,
said he was glad to hear that Mr. Cook’s prac-
tical experience confirmed the results that he
himself had been able to obtain in the labora-
tory. As to Mr. Young’s remarks on the in-
crease of thermal conductivity on the addition
of chromium, the work described in the Paper
was carried out in order to obtain data for
Diesel engine work, and it might be interesting
to state that the chromium and tungsten of
the metals investigated were the only ones which
increased the thermal conductivity. With re-
gard to Mr. Shaw’s question concerning the test-
bars he had provided, these contained 1 per cent,
of chromium and 1 per cent, of nickel—a higher
percentage of chromium than he had experi-
mented with—and in each case the stabiljsing
effect of chromium was maintained after heating
for 200 hours at 150 deg. C. There was no
change in the combined-carbon content or the
Brinell hardness. At the same time, the 1 per
cent, of nickel did not lessen the stabilising
effect of the chromium and it rendered the iron

maxe, hinable.
?%/\éuggested that the method adopted

by the author of heating up was not true anneal-
ing because the metal was heated up during the
day and allowed to cool during the night. Ordi-
nary annealing was more or less rapid heating
and cooling, and that was where the softening

eff] CgMme_ig.

ﬁ’. mv&tnsuggested that the softening
w ue the presence of nickel.

M %/Vremarked also that whereas the
author stated he did not find the Brinell was
lowered, he himself had found it was seriously

lo ed
Vﬁ'.[bmsaid that was probably due

to the difference in treatment, the method
adopted by Mr. Shaw being true annealing and
th t heat-treatment process.

ﬁ'. IV, replying to the discussion Dar
as his Paper was concerned, said Mr. Field had
referred to the lower shrinkage of Derbyshire
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pig-iron as compared with Northamptonshire pig-
iron, and suggested that it was due to the higher
manganese. That was probably the case. Mr.
Shaw was quite right in disowning two of the
chill diagrams on page 170, and the difference
between these and the other two diagrams was
due to the fact that they were cast from
synthetic melts of Swedish white iron, Armco
iron, ferro silicon, etc. Synthetic melts made in
a certain manner could be made to give much
greater depth of chill than ordinary cupola
melts. The effect of manganese on sulphur was,
however, the same in the two cases. Mr. Shaw
wanted him to experiment with thicker sections,
but his point of view at the moment was that a
more important problem to solve was to find out
where the missing manganese went to and
exactly how it distributed itself between the
sulphur and the other elements present, and then
they would be able to understand what happened
in thicker sections. He would, however, carry
out experiments on the lines indicated by Mr.
Shaw. At the moment his impression was that
with thicker sections, which cool more slowly,
less manganese would be required to neutralise
whatever sulphur was present, and not more
manganese. The case would be more comparable
with the annealing of malleable iron, where less
manganese was required, because the manganese
can diffuse and get to the sulphur and neutralise
it. He apologised to Mr. Young for not refer-
ring to his work, but so many people had done
work on this subject that it was not possible to
refer to them all. He also had noticed, as Mr.
Young and Mr. Shaw had done, the risk of coarse
graphite in high manganese irons. In the cases
in which he had noticed it, it was because the
ferro-manganese which was added contained 6 or
8 per cent, of total carbon, which, of course, in-
creased the graphite content and made the iron
very open and of very coarse grain. He did
not know any other explanation to offer to Mr.
Cook in respect of some castings of his with very
marked manganese sulphide segregations than
that the higher the manganese to sulphur ratio
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the higher would be the melting point of the
sulphide and the higher would be the tempera-
ture at which it separated out, consequently the
greater the possibility of it segregating. Mr.
Longden had stated that a metal containing
0.35 manganese, 0.15 sulphur, 3.2 per cent, total
carbon, and 2 per cent, silicon was white when
sand-cast in the form of a 1-in. diameter bar.
He would have expected it to be grey, but the
low manganese and relatively high sulphur would
increase the tendency to form hard spots and

chi
h’.Eﬂe;replying to the discussion on his

Paper, mentioned first the point raised by Mr.
Field as to the possibility of the use of nickel
in high-silicon iron. At present, he said, we do
not know very much about the influence of nickel
in irons which are predominantly ferritic. How-
ever, the point really was, not the silicon content
of the iron, but rather the amount of combined
carbon present in the casting, that was of im-
portance, since nickel acts predominantly on
pearlite rather than on ferrite. There were
cases in which, with silicon as high as 3.0 per
cent, in engineering castings, nickel up to 2.0 or
3.0 per cent, could be beneficially added. Such
a case was a thin-sectioned casting for a light
piston skirt, which in the cast condition was
only about A of an inch thick, and in such
a case nickel could be used to advantage in ob-
taining a wuniform and machinable casting.
Again, the case of resistance grids might be
cited when, even in the presence of high silicon,
3.0 or 4.0 per cent, of nickel could be added to
obtain a tough, strong casting. This did not
refer, however, to the special case of resistance
grids with higher nickel contents, where the
nickel was used to confer special electrical and
magnetic properties on the iron. He took ex-
ception to the suggestion that nickel was to be
put forward as a “ cure-all.” It was definitely
not. Nickel would improve a good iron, but it
would not necessarily render a bad iron good.
Mr. Macpherran referred to wear tests on cast
iron. The author did not attach much import-
ance to accelerated laboratory tests on wear,
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as there were no means by which the conditions
of wear inside a cylinder, say, of an automobile
engine, could be reproduced. It was impossible
to reproduce the conditions of lubrication, the
correct bearing-pressure, speed, reciprocation,
etc., and in the wear of cast iron it was a
matter of general experience that any change
in one of these conditions might totally alter the
results. If one took a soft iron and worked it
under a given load, the surface would become
glazed, and a long service could be obtained
with little apparent wear. If the load was in-
creased a little more, however, then the con-
ditions were often entirely upset and a rapid
wear would very likely be initiated. It was
suggested that this was a problem in the auto-
mobile industry to-day, for there had been an
increase in the power output of engines, with
consequent increase in compression ratios, bear-
ing pressures, and so on, with the result that
soft irons which up to the present had been
perfectly satisfactory were now showing bad
wear. This was no doubt in great measure the
contributory cause to the interest which was at
present being taken in improved material in
automobile engine construction. Mr. Mac-
pherran also referred to a nickel: silicon ratio
of 2 to 1. It was generally found, however,
in this country that for the range of composi-
tions normally employed in engineering castings,
that 3 parts of nickel were equivalent to 1 part
of silicon in reducing chill in a cast iron. This
ratio, however, would not be considered to hold
definitely for abnormal silicon contents already
on the low or on the high side.

Mr. J. Longden raised the question of the
possible improvement in soundness which might
be obtained in gear-blank castings by the use
of nickel, and mentioned an experiment in which
he added 2.0 per cent, of nickel to his ordinary
iron, which contained 1.3 per cent, of silicon.
Porosity was found at the base of the cut teeth
in these gears, and the nickel addition had
proved ineffective in removing this. The author
pointed out that the 2.0 per cent, of nickel
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added was equivalent to about 0.7 per cent, of
silicon with regard to the graphitising action in
the iron, consequently he was really casting his
gear-blanks with an equivalent silicon content
of 2.0 per cent., which would be expected to give
too soft and open an iron. The author pointed
out that especially for the elimination of
porosity the maximum benefit of nickel was ob-
tained when the silicon was reduced by an
amount equivalent to the nickel addition. For
the gears in question he would suggest that a
composition showing 1.0 per cent, of silicon with
1.0 per cent, of nickel would be very likely to
show an elimination of this porosity.

This point connected up with the question
raised by Mr. Harrington. He agreed broadly
that in the elimination of porosity the reduc-
tion in silicon was perhaps the crux of the situa-
tion, and that it was due to this that improve-
ment in soundness was often obtained. The
function of the subsequent addition of nickel
was to restore the machinability and toughness
of the casting, without opening up the structure
again as a further addition of silicon would have
done. -

Mr. I_h'rrg:n (American Foundrymen’s
Association) said he was glad Dr. Everest had
pointed out that fundamentally the reason for
the improvement with the use of nickel was in
the reduction of silicon, but his own observations
suggested that something more than that hap-
pened. There must be a change in the elements
other than the silicon, and he agreed that nickel
could not be regarded as a cure-all, because it
was not.

The author said he did not agree with Mr.
Harrington that this improvement was due to
incidental changes in the amount of the other
elements present. On the other hand, the author
wished to say that many cases had come to hand
in which porosity had been effectively removed
by the addition of nickel, without any change
being made in the composition of the iron that
was in use, even though nickel added in this
way was not recommended for the specific pur-
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pose of eliminating porosity. This was at the
moment difficult to explain, and all that could
be said was that there appeared to be a refining
action of the matrix in the iron which seemed
to give a close-grained structure, showing greater
uniformity in the castings. Referring to the in-
quiry as to the use of nickel in simple cylindri-
cal castings, it was said that experiments had
been carried out on piston-valve-liners for loco-
motive work, and nickel had proved effective in
eliminating porosity in these castings. In this
country many castings of this type would be
made centrifugally, and the question of porosity
would probably not then arise. This was the
tendency to-day, particularly in connection with
the automobile industry.

Mr. H. J. Young raised the question of loco-
motive cylinders. This was a problem in itself,
but it was of special interest in that it was
generally known that there were certain designs
of locomotive cylinders which would practically
never give a sound casting, and caulking was in
this case almost inevitable. Some experimental
work in this field had been initiated, and the
results obtained up to the present were very
promising, and the author was most optimistic
about this application of nickel. Cylinder-covers
for locomotives, which carried a heavy boss to
which a guide rod was subsequently attached,
had given a great deal of trouble with porosity
through the cover, at the root of this boss. In
one case twelve of these covers were ordered
off a certain pattern, and made in ordinary iron.
The whole set were scrapped on account of leak-
age. Satisfactory results have, however, been
obtained by reducing the silicon by about ~ per
cent, and adding 1.0 per cent, of nickel, and up
to the present every cover had passed its tests.

Referring to the question of Diesel iron for
automobile cylinders, it has been found in cer-
tain foundries making cylinder castings for both
purposes, that the low-phosphorus, low-silicon
Diesel iron had proved a very effective basis for
the addition of nickel for automobile work. The
Diesel iron in question would be for small cast-
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ings and would carry about 1.3 per cent, of
silicon, and an addition of 1 to 1~ per cent, of
niﬁl_ s made to this for automobile work.

- hanked Mr. Shaw and Mr. Cook
for their sympathetic remarks and for the
examples they had mentioned in support of the
statements made in the Paper.

WRITTEN CONTRIBUTIONS.
Chromgiym Reduces Sea-Water Corrosion.

Mr. F. rF‘.d{l')commenting on Dr. Donald-
son’s Paper on “ The Influence of Chromium in
Cast Iron,” wrote that the industry was much
indebted for the very valuable work done by
Dr. Donaldson in this and other Papers he has
published. For his own part he was particu-
larly interested in the results obtained from cor-
rosion tests, and especially those relative to the
milder forms experienced in the handling of sea-
water, river-water and tap-water flowing through
pipes and valves in the various public service
and industrial,plants of to-day. The need for
corrosion-resisting cast irons was probably
greater than that for non-growing cast iron.
Corrosion tests conducted by Messrs. Glenfield
& Kennedy relative to alloy-additions to cast
iron confirm the results obtained by the author.
The results obtained, in brief, point to the fact
that the harder and closer-grained the cast iron
then the greater the resistance to corrosion by
sea-water. For example, semi-steel mixtures are
superior to soft iron mixtures, and the additions
of alloys which increase the combined carbon,
such as chromium, reduce corrosion. Nickel, on
the other hand, increases corrosion in sea-water.
In regard to river-water, the difference between
various quality cast, irons with and without
alloy additions, is not nearly so apparent. In
regard to corrosions by acids, conditions are very
often opposite. It would appear, however, that
the addition of chromium is certainly of benefit
to lessen corrosion by sea-water.

Dr. Donaldson wrote that he thanked Mr.
Hudson for his contribution to the discussion.
It was extremely interesting to know that tests
carried out by him confirmed the corrosion results
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obtained with the various chromium additions.
He could also confirm his remarks regarding the
resistant powers of hard close-grained irons to
sea water. This was experienced when experi-
menting with low-silicon (Perlit) irons, and irons
containing tungsten additions.

Registan f Nickel to Corrosion.

M".E. j L. Cf‘&ﬂdmote that he had read
Dr. Everest’s Paper with considerable interest.
His remarks tc accelerated corrosion and
mechanical erosion tests being of little value were
only correct to an extent. Valuable information
of a comparative nature could be obtained if
suitable methods of testing were adopted, that
is, methods which would as nearly as possible
represent the conditions for which the material
was required. The resistance to abrasion or
mechanical erosion may be readily tested by
rotating discs of the material under test in the
abrasive media, and it has been found that tests
made under these conditions and the actual ser-
vice tests have approximately the same figure,
and are an indication of the suitability of the
material for a definite purpose.

Corrosion tests, of course, could only be com-
parative. The addition of nickel alone does
definitely increase the resistance of iron to
mechanical erosion, and this increased with the
amount of nickel added, up to 3.5 per cent., but
better results were obtained with a simultaneous
addition of about 0.5 per cent, of nickel and 0.5
per cent, chromium.

Resistance to corrosion did not seem to be
materially affected by small additions of these
alloys. It was his experience that cast iron
with the nickel addition alone was rather more
viscous and did not tend to retain entrapped
gases, causing blow-holes, unless considerable
care was taken. These difficulties appeared to
be overcome if a combination of nickel and chro-
mium were used, especially if the additions were
made through the cupola. He had always found
the iron to which additions had been made
through the cupola was definitely better than
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one to which additions had been made in the
ladle or spout of the cupola. Was this Dr.
Everest’s experience, and, if so, could he offer
any explanation?

It was interesting to note that nickel addi-
tions do not have a marked effect on the test-
bar results, but the engineer, who is probably
the chief consumer of cast iron, was not so con-
cerned with the strength of cast iron as an im-
provement for resistance to wear, mechanical
erosion and corrosion.

Wherever anything stronger than the average
cast iron was required, he usually used steel,
either as a casting or a forging. The addition
of nickel to cast iron for couplings was surely
an expensive method, and one would imagine
troubles due to porosity could be overcome hy
correct methods of moulding.

He would be interested to hear if Dr. Everest
had any information regarding the effect of
higher percentages of nickel or nickel and chro-
mium for withstanding corrosion. Also if there
was any advantage to be obtained in the use of
some form of heat treatment of these alloys.

Mr. J. E. Hurst wrote that since Dr. Donald-
son’s discovery, announced by him in 1925, of
the remarkable phenomenon of the shrinkage in
volume after repeated heatings of cast iron con-
taining chromium, they had looked forward to
his further investigations into this matter.

The present Paper, containing his further in-
vestigations along the lines which he has made
familiar, confirm this remarkable phenomenon.
Although he makes certain tentative suggestions
by way of explaining the erratic behaviour of
the specimens of high chromium content, the
most remarkable fact disclosed by the experi-
ments is the shrinkage in volume in the low-
cliromium irons. This in spite of the decrease in
combined carbon content amounting to 47.3 per
cent, in the case of the iron containing 0.39 per
cent, chromium. It had been supposed hitherto
that this decrease in combined carbon content
and the commensurate increase in graphite is
largely responsible for the volume increase.
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The writer has always been interested in the
temperature-strength curves of the type shown
in Figs. 11 and 12. The temperature-strength
curves of the material in the “ as cast con-
ditions pass through a minimum, m the case
of the “ Plain Iron ” at a temperature ot ,iOU
deg. 0. and a strength value of about 14.5 tons
peT sqg. in. It appears to be a matter of some
significance that this minimum is hardly appa-
rent in the *“ as cast” condition shown in
Fig. 12 for the 0.39 per cent, chromium iron.
Reference to Dr. Donaldson’s Paper in 1925
shows a minimum in the temperature-strength
curves of the * as cast” condition in all the
alloys examined with the exception of the
chromium irons.

The writer has always suspected this minimum
to be connected with some change in the in-
ternal-stress conditions in the iron. Whatever
conditions it indicates, however, these are
“ apparently almost absent in the chromium-
bearing iron, and it may be possible that a
further investigation of this point will throw
some light on the observed behaviour of the
chromium irons.

The writer desires to add his appreciation of
the very great value of the information con-
tained in this Paper.

Author’s Rep

Replying to Mr. Howard, h’:Eﬂastated

that, in his remarks on the value of accelerated
corrosion and wear tests, he had in mind
primarily tests in which, to obtain measurable
effects in a minimum of time, conditions were
used which were not strictly comparable with
those occurring in normal service. It was under
these conditions that little reliance could be
placed in the results of such tests. In a test
such as the mechanical erosion test described by
Mr. Howard, service conditions were more nearly
reproduced, and consequently the results were
undoubtedly of greater value.

The author was very interested in Mr
Howard’s note that the addition of nickel alone
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increases the resistance of iron to mechanical
erosion, but would point out, however, that the
suggested addition of about 0.5 per cent, nickel
and 0.5 per cent, chromium would markedly in-
crease the tendency of the iron to chill, and for
this reason could not be recommended for general
purposes. One-half per cent, of chromium would
require in usual conditions a simultaneous addi-
tion of about 1.5 per cent, of nickel to eliminate
this effect.

Slight improvement in the resistance of cast
iron to chemical corrosion may be obtained
through the use of small additions of alloys. In
general, however, there is no very greatly marked
influence until the addition is large enough to
alter the constitution of the casting.

It has not been the author’s experience that
nickel cast iron is more viscous than ordinary
cast iron, and, moreover, experiments which
have been conducted to compare the fluidity of
these materials have led to the conclusion that
nickel cast iron is not generally less fluid than
is the ordinary iron. This may be due to the
lengthening of the freezing range. In these cir-
cumstances no difficulty would he anticipated
from the inclusion of entrapped gases in the cast-
ings. If the nickel is added in the ladle, then
clearly a certain chilling effect will be produced
in the iron, balancing the heating up of the
nickel. It has been found, however, from exten-
sive experience, that within ordinary practical
limits, this chilling effect does not lead to any
trouble in obtaining sound castings from the
iron. Limits which have been given elsewhere
are for the addition of up to 2 per cent, of
nickel in a bulk of iron of over i ton when the
iron is at normal temperature. Clearly, when
the nickel is passed through the furnace with
the charge, this chilling effect is eliminated, and
it is possible that for certain special castings a
somewhat better result might be obtained by
passing the nickel through the cupola, due to the
slightly higher casting temperature. It might
be mentioned in this connection that, when
larger quantities of nickel cast iron are being

1
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marie up, for convenience in handling the
material, it is generally recommended that the
nickel should be added in a suitable form with
the charge in the furnace.

Referring to Mr. Howard’s remarks concerning
couplings, it is a matter of common experience
that certain castings which have light sections
requiring to he machined, may have also heavy
sections which must at the same time be sound.
Sometimes it is possible, by careful control of
casting conditions, to meet all the requirements
for such a casting, but in the use of nickel iron
it is found that, through the latitude of the
material, the desired effect may more easily be
produced, and that, without any special casting
precautions, and frequently without the use of
denseners.

Finally, referring to the corrosion resistance
of the higher nickel cast irons, it is known that
certain alloy irons of the austenitic type possess
good corrosion resistance; some of these irons,
containing high nickel, with or without also
copper and chromium, have been developed
commercially. This subject, however, is receiv-
ing the active attention of many workers at the
present time, and more information will probably
shortly be available on this subject. As in the
case of steels, some of the alloy cast irons are
amenable to heat treatment in order to produce
certain desired effects, as, for example, in the
case of certain air hardening cast irons which
have been referred to in the technical Press.*

* Foundry Trade Journal, August 1G, 1928, 39, G26. p. 112.



THE ELIMINATION OF SULPHUR FROM THE
ALLOYS OF IRON.

By K. Gierdziejewski, Met. Eng.

[Portish E xchange Paper.]

Sulphur is the most detrimental impurity in
iron, and its elimination is extremely difficult,
primarily on account of its great affinity for
iron. The prejudicial effects of sulphur are evi-
denced by the lowering of mechanical properties
as well as by a deterioration in casting properties
(reduced fluidity and greater contraction), and,
generally speaking, from the physical point of
view—brittleness of the iron, especially at higher
temperatures, and so forth. The limiting amount
of sulphur that can be tolerated depends on the
quality of the metal: for ordinary cast iron the
maximum permissible content is 0.15 per cent. ;
for steel and wrought iron 0.05 per cent., but
even these amounts are detrimental.

Sulphur enters cast iron from the pig and the
coke. Because of the presence of sulphur in
coke, when cast iron, is produced by the remelting
of pig-iron in a cupola, its content is raised by
40 to 50 per cent. |If the charge contains large
quantities of bought scrap it is possible to obtain
a very high sulphur content. During the pro-
duction of steel in the open-hearth furnace it
can also be observed that there is an increase
in the sulphur content due to furnace gases, but
metallurgical processes, especially in basic-lined
furnaces, make it possible to reduce the sulphur
to 0.03-0.02 per cent, in the finished metal. The
ideal conditions for the maximum practical elimi-
nation of sulphur are to be associated with the
electric-furnace process.

Sulphur forms the following compounds with
iron and manganese:—(a) Iron sulphide, FeS,
which has a melting point of 1,200 deg. C.; (b)
manganese sulphide, MnS, with a melting

i2
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point of 1,620 deg. C.; (c) iron-manganese-
sulphide eutectic (93 per cent. FeS+7 per cent.
MnS), which has a melting point of 1,181 deg.
C.; and (d) iron-iron sulphide eutectic (85 per
cent. FeS+ 15 per cent. Fe), with a melting point
of 980 deg. C.

Iron sulphide is very easily dissolved in molten
metal, whilst manganese sulphide shows the
reverse phenomenon, and since it has a low
specific gravity (3.8-4.0), it rises easily to the
surface of the metal bath and thus can readily
be eliminated with the slag.

The desulphurisation of the bath-is based on
this property, therefore the best conditions for
allowing the reaction, FeS+Mn=MnS+Fe, to
take place, must be determined. Prof. Grum-
Grzymajlof has studied these conditions sys-
tematically, founding his arguments on physico-
chemical and thermo-chemical data. The author
proposes to expound a similar treatment.

Desulphurisation of the Bath by Cooling.

This method is based on the following exo-
thermic reaction — FeS+Mn—MnS+Fe+44,101
calories, which, according to Le Chatelier’s law,
can only take place in a cooling bath.- De-
sulphurisation in non-heated metal-mixers
follows this law, since, as the bath of metal cools,
the above-mentioned reaction takes place in the
direction of the upper arrow and the manganese
sulphide formed enters the slag. In ordinary
cast-iron foundry practice this method cannot be
generally employed, since a metal cooled for too
long will be unable to fill the moulds. When
the cupola is operated in such a way that the
metal reaches a high temperature, it is possible
to allow the metal to cool slightly, say, down
to 1,350 deg. C., but the resulting desulphurisa-
tion is only partial and insignificant. When the
metal is to be blown in a converter it is also
important that it should have a high tempera-
ture, therefore cooling is not recommended, so
it is only when producing steel with an open-
hearth furnace that a preliminary cooling of the

t Prof. Qrum-Grzymajlo,“ Manufacture of Steel,""1925, page 209.
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metal in the mixer is possible and even necessary.
When the manganese content and the tempera-
ture of the bath are correct, it is possible to

remove 75 per cent, of the to(al sulphur by this
method.

Desulphurisation using Higher Contents of Mn in

the Metal and in the Slag.

This method is based on the following well-
known law of solutions: “ When to two
immiscible solutions (such as the metal and the
slag) a solvent, which is soluble in both solutions,
is added (FeS and MnS), this solvent divides
itself between the two solutions in such a manner
that its proportional concentration in the two
solutions is constant.” In other words,

FeS.MnS in the slag
FeS.MnS in the metal =K (constant)-

The best results are obtained when K is
at a maximum, that is to say, when the MnS
and FeS content of the slag is at a maximum;
metallurgy postulates that the maximum solu-
bility of sulphides in slags is obtained when the
slags contain large amounts of the oxides of the
same elements, in this case MnO and FeO.
Therefore it would appear that it is to be recom-
mended that the slags contain a maximum
amount of these oxides.

Under the conditions existent in the cupola,
it is possible to raise the MnO and FeO contents
in the following manners : (1) Raise the amount
of manganese in the charge; (2) introduce into
the charge a manganese-rich flux (such as man-
ganese ore or manganese-rich slags), and (3) by
the use of basic slags.

By increasing the amount of manganese in the
charge and by conducting the melting operation
at a high temperature and in the presence of an
excess of oxygen, a greater loss of manganese is
obtained which under the form of manganese
oxide passes into the slag and facilitates de-
sulphurisation. The same refers to iron. The
advantages of using charges running high in
manganese cannot be questioned, therefore the
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use of high-manganese pig should be strongly
recommended, and especially that of the quality
employed for open-hearth steel furnaces. The
author has personally more than once bad proof
of the advantageous effect of an increased Mn-
content in the charge, and strongly advises that
selection should he made in such a manner as
to obtain a minimum of 0.7 per cent. Mn in the
cast metal. Besides this, the cast iron run from
the cupola should be sufficiently hot to be able
to stand for a time in order that the exothermic
reaction, FeS+Mn=MnS+Fe, may take place
under the most favourable conditions.

In 1902 Reusch* tried out the effect of the
introduction of high-manganese fluxes into the
cupola; technically the results were fairly good,
but the process was too costly. Further experi-
ments by Wedemeyer,f Wiist,+ and others showed
that this method was not practicable, for in
order to melt this surplus of flux it was neces-
sary to increase the coke in the charge, and by
this very fact increase the contamination of the
metal with sulphur.

In Stahl und Eisen, 1925, page 197, there is a
note to the effect that the Giiteboffnungshiitte
works are employing, on a large scales the de-
sulpliurisation of cast iron by means of open-
hearth steel slags; the economy of such a pro-
cedure can only be explained by exceptional local
conditions.

Desulphurisation by means of Basic Slags.

This method and the former one are based on
the same theoretical facts. From the formula
cited one can postulate:

FeS.MnS in slag=FeS.MnS in metal X * K,”
that is to say that the concentration of FeS.MnS
in the metal can be brought down to zero when
the concentration of FeS.MnS in the slag is made
to approach zero. The latter can be obtained by
replacing FeS and MnS by other sulphides which
are not soluble in the metal, such as, for
instance, CaS or MgS. Calcium sulphide is not
* Stahl und Eisen, 1902, page 415.

t Stahl und Eisen, 1003, page 1134.
j Stahl und Eisen, 1904, page 1316.
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soluble in the metal, therefore, from the above
considerations, it follows that its use also tends
to the elimination of sulphur.

In practice, however, complete desulphurisa-
tion by this method is not feasible, since the
thermal reactions—

MnS+ CaO=MnO+ CaS—13,481 cal............. (1)

FeS+CaO =FeO+CaS —6,573 cal............... (2)
are not of great intensity.

The reaction expressed by formula (1) explains
why it is that desulphurisation is best effected
when the temperature of the furnace is high,
since this produces the best conditions for this
endothermie reaction.

Everyday practice entirely proves the correct-
ness of the above theoretical conclusions. J. W.
Bolton, § in his very explicit article developed on
the subject of cupola slags, shows diagrams
giving the relation between the percentage of
CaO+FeO in the slag and the degree of
desulphurisation, taking the total sulphur con-
tents of the bath as being 100 per cent. One
of these diagrams is reproduced in Fig. 1. From
this diagram one can gather that the best de-
sulphurisation is obtained when using a slag
running to 35 to 45 per cent, total CaO+FeO
contents. Bolton points out that a slag of this
composition possesses, to a great degree, the
quality of forming what is called “ slag-wool ”
when expelled from the cupola, and since his
experiments show that this “ wool ” usually con-
tains more sulphur than the slag, desulphurisa-
tion is greatly enhanced. R. Spodlers and F.
Schultell also support this opinion.

However, complete desulphurisation cannot be
effected by this method, since very basic slags are
not easily melted, and require, in the cupola,
additional fuel, which will introduce more
sulphur, whilst in the converter and open-hearth
processes they cause practical difficulties which
do not enable one to reduce the sulphur contents
to less than 0.03 per cent, in the finished metal.

It should here be noted that in recent litera-

§ “ The Foundry,” 1921, page 875.
|| “ Die Giesserei,” 1924, page 281.
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ture relating to foundry practice it has many
times been mentioned that calcium-fluoride,
CaF3 favours desulphurisation. This is easy
to explain, since the addition of fluorspar greatly
increases the fluidity of slags, or, in other words,
enables one to run on more basic slags, the effect
of which on desulphurisation has just been dis-
cussed.

Electric furnaces present the best conditions
for desulphurisation with basic slags, since (1)
it is possible to conduct the whole process at
very high temperatures, and (2) the atmosphere
of the furnace is neutral and not oxidising.
Under these conditions it is possible to keep up
the reactions in the presence of carbon.
FeS+CaO+C=CaS+Fe+CO —30,710 cal. ... (3)
MnS+CaO+C =CaS+Mn+CO —74,811 cal.... (4)

These reactions are intense in the presence of
the high temperature of the electric furnace,

Solubility oj Sulphur in relation to the
CNO+FeO contents

Fig. 1.

and since CaS is not soluble in the metal, it
is possible almost completely to desulphurise the
metal. The slag thus obtained has approximately
the following analysis :—Si02=31; CaO+MgO =
60.5; FeO+MnO=3.5; and S=0.15 per cent.,
the sulphur content in the metal being 0.008 per
cent.
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In iron foundries there has been of late an
increasing use of the alkali metal compounds,
especially those of sodium, for desulphurising.
Since in the first place, at the temperature of
the molten bath, sodium carbonate is decom-
posed into the oxide of sodium and carbon
dioxide, the reactions which take place after-
wards can be summarised in the following
formulae :—

Na2 + FeS=NaXS+Fe0-f36,313 cal................ ®)

NaXS+2FeO = 2Na+2Fe+S02—153,466 cal. (6)

Na-fFe0O=Na20+Fe+ 34,187 cal.......c.c.cooo.e @

Similar reactions also take place with man-
ganese.

In the presence of the silica contained in the
slag, the following reactions also take place:—

Na2+Si0a=Na20.Si02--45,200 cal. 8)

Na2S-f-FeO -fSi02=Na2.Si02+FeS- | 8887 cal. ©9)
These latter reactions can actually cause the
return of part of the sulphur into the metal.

For all practical purposes, Walter solved the
problem by marketing desulphurising briquettes
the composition of which is such that if added
to the extent of 0.5 per cent, by weight to the
charge, it is possible to obtain a total reduction
of 80 per cent, of the sulphur in the cast iron.*

Effective desulphurisation is only obtained if
the “ desulphurising medium ” does not come
into contact with the slag containing Si02 For
this reason the medium should not be added
through the charging door. The elimination of
sulphur in the ladle also does not give good
results on account of the large quantities of
sulphur dioxide which are evolved, contami-
nating the atmosphere, and on account of the
slag which is always present in the ladle.

At the present the best means of overcoming
these difficulties is to employ cupolas of a special
design with a slag reservoir, patented by C.
Rein, in conjunction with a Durkopp-Leyken
overflow arrangement. In a cupola so designed
the slag and the metal are separated in the
furnace so that only clean iron reaches the

* Stahl und Eisen, 1922, pag<5 f>U6.
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mixer, the slag being collected in Rein’s lateral
reservoir. .

The desulphurising medium is added to tfte
metal in the mixer, which is surmounted by a
flue for carrying off the sulphur dioxide.

J. Mehrtens* gives the following results tor
the elimination of sulphur by this —

Before adding briquettes: 0.099, 0.074, 0.107,

00AfateRerad@rng briquettes: 0.045, 0.053, 0.066,
0.065 per cent.

Thus the mean reduction of sulphur is do to
50 per cent.

Where cupolas are not provided with mixers,
the elimination of sulphur is carried out in a
specially-constructed tapping spout having an
overflow arrangement for the rapid separation
of the slag. This process is adopted in America,
but exceptional results cannot be expected, since
the metal comes into contact for only a very
short time with the desulphurising medium.

Attention should be paid to the fact that one
of the qualities of Walter’s desulphurising
process is that the intensive activity of the
reactions reducing Fe and MnO and decreasing
the chemical losses reduces favourable conditions
for the elimination of the dissolved gases by
making the metal boil. This gives a superior
casting metal possessing high mechanical
properties.

DISCUSSION.

Inter-Relationships with Silicon and Manganese.

Me. F. J. cook said that, whilst the Paper
would undoubtedly be an interesting and useful
one, he could not subscribe to what he called
the underlying idea of it. The author seemed
to point out that sulphur in any degree is bad
for cast iron, and he personally could not sub-
scribe to that. Generally speaking, he believed
it would be found that it had been proved by a
good many workers, and particularly by Coe and
the late Dr. Stead, that there is no gain in
physical properties in cast iron where the sulphur

* Stahl und Eteen, 1925, page 449.
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was below 0.07 per cent. Another point which
cropped up in connection with this matter was
mentioned when Coe presented his Paper at the
Cardiff Convention many years ago, viz., the
relation of the sulphur to the silicon. In getting
out data in connection with high-duty iron, some
33 years ago, he himself had been struck with
the fact that the highest physical properties were
obtained when the sulphur was in the proportion
of one-tenth the silicon. That was borne out very
strikingly by Coe’s work, but he had not noticed
it at that time, and he (Mr. Cook) drew atten-
tion to it in the discussion on Coe’s Paper. He
had had subsequent correspondence with Coe,
who, as the result of checking over his results
obtained during a number of years, said he was
surprised to find how frequently this ratio of
1 to 10 was associated with the highest physical
properties of each series of tests. As the result
of practical observations in the foundi'y, both
with malleable iron and grey cast iron, this fact
had impressed him, and had continued to do,
although he had no scientific proof why it should
be so, and it would be of value if the author
could give any data on the subject, as well as in
confirmation of the statement in the Paper that
the physical properties are improved by the total
eliminaf f sulphur.

Mr. nhaw said he was not in agreement
with Mr. Cook’s suggestion as to the sulphur
being one-tenth the silicon. This was satisfac-
tory when dealing with an iron in which the sili-
con was 1.2 and the sulphur 0.12 per cent., but
when dealing with a soft iron in which the silicon
was 3 per cent., should the sulphur be 0.3 per
cent. ?

Mr. Cook : Yes.

Mr. Shaw said that was contrary to anything
he knew. His experience, especially in the
lower grades of iron, was that a great deal more
depended upon the relation of the managanese
to the sulphur than upon the relation of the

silicon to th D
Mr.J. T. American Foundrymen’s

Association) said that the sulphur problem is not
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particularly keen in America at the moment, but
at one time during the war it was very serious.
In the casting of a pipe when the metal might
fall 16 ft., there might be motion at the bottom
of the mould, and anything like a sulphur ratio
of one-tenth the silicon would result in the
accumulation of manganese sulphide in the
bottom of the casting if the metal was sufficiently
hot. If it were not sufficiently hot, there would
be blow-holes in the bottom. Through the reduc-
tion of the sulphur from 0.12 to 0.07 per cent,
that difficulty was overcome. He did not think
the silicon/sulphur ratio was quite the determin-
ing factor, and the manganese must be brought
in.

Mb. E. J. L. Howard Wrote that he had read
with considerable interest the above Paper.
Three years ago he had occasion to attempt to
reduce the sulphur content of the iron being used
in the foundry, and thought that the most
simple method to adopt would be the use of
soda ash. It was found that J Ib. of soda ash
to each 1 cwt. of metal placed in the bottom of
the shank affected a reduction of 30 to 35 per
cent, of the sulphur content. The higher the
sulphur content, the greater appeared to be the
percentage reduction, and with irons containing
0.06 per cent, sulphur only about 10 per cent,
was reduced. After treatment the metal seemed
to be much more fluid and appeared to run
better, although considerable difficulty was en-
countered in getting rid of the slag, sodium sili-
cate being very thin, but if lime or fine sand
were thrown on to the surface of the metal it
could be readily skimmed quite clean. The
linings of the ladle were badly cut into by this
slag, and had a very short life. He understood
that there is a lining, suitable for ladles in which
this treatment is carried out, now on the mar-
ket. He would be interested- to know if the
author considered there was much advantage
to be gained by de-sulphurising metal contain-
ing less than 0.66 per cent, sulphur, and if the

metal so treated has a lower viscosity than the
untreated.
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PRACTICAL POINTS FROM THE METALLURGY
OF CAST BRONZES.

By H. C. Dews (Member).

Metallurgy is not always a welcome dish to
serve before foundrymen. The environment in
which the foundryman has to grapple with the
rugged problems of daily production does not
conduce to that detached thinking which
scientific theories often demand. In  the
foundry considerations which appear to offer no
immediate prospect of facilitating or cheapening
the work in hand are apt to be ruthlessly pruned
away and a short-sighted policy inimicable to the
well-being of the industry is apt to develop.
W ithout an occasional pause to survey the pro-
gress of knowledge, the foundryman becomes
intolerant of the work of the pure scientist who
is striving to advance the borders of knowledge
and ultimately to improve practice in the
foundry.

The metallurgist is not without responsibility
for the unsympathetic reception which his work
often receives in the foundry. The greatest dis-
ability under which most scientific workers suffer
is their incapacity to present their work in
language which the ordinary person can easily
understand. Probably the most difficult part of
any scientific research is to explain it in non-
technical language. However clearly the
scientist himself may see the light it appears
invariably to be his lot to leave the layman
floundering in a welter of words. The critical
test of a scientific theory, however, can only be
applied by pur,ting it to practical use, and a
scientific worker must be measured by his ability,
not only to make his work applicable to practice,
but to make it understood by those whose practice
it is intended to modify. Befox-e he can do this
it is often necessary to convert the practical
man to a scientific method of thinking, and



when the practical man’s interest is deepened in
appreciation of scientific reasoning his ability
and usefulness will be increased in no small
measure.

The essence of scientific thinking—that there
can be no effect’ without a cause—does not
always appear to permeate foundry technology,
or else there would be more searching for the
cause of those abundant troubles now blamed on
the foundry “ imps.” To discover the cause of
a failure is to go a long way on the road to
finding its remedy and, what is more, it is the
straight road. To try and remedy a fault in
ignorance of its cause is frequently as pro-
gressive as runring round in a circle.

The production of gun-metal castings is a
practical job; but more than practical knowledge
is needed to carry out the job successfully. Some
knowledge of the underlying theory is emphatic-
ally necessary, and the more these theoretical
questions can be worked out alongside practical
production the more will the practice benefit.
The points which are to be discussed in this
Paper the author believes to be of practical im-
portance, and their theoretical aspects are dealt
with for that leason.

It is a commonplace at the present time that
engineering science is progressing faster than
the improvement in materials. In  many
branches development is restricted by the
apparent limitations of available materials, and
new materials are being eagerly sought. At the
same time that research into new alloys is being
explored there is still a demand for improve-
ment in the old materials. This is particularly
true for bronze alloys. The choice of bronze for
certain parts of steam and hydraulic machinery
is inevitable, whilst at the same time the higher
temperatures and pressures at which such
machinery is now being driven imposes consider-
ably more responsibility on the bronze parts. If
bronze is to continue to hold its unique position
in these fields, the engineer must be satisfied of
its improved reliability and freedom from
internal defects Eliminating the uncertainty
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often cherished by engineers in regard to the
internal soliditv of a cast-part would allow a
reduction in the factors of safety, and thus
automatically improve the value of the casting.
In bronze-founding there are a multitude of
potentialities for failure, and there is need for
a higher degree of technical control than is
commonly realised. A casting which on the out-
side appears to be perfectly good, may he dis-
tinctly weak internally, and that such internal
weakness leaves no indication of its presence on
the outside of the casting, is the bronze foundry-

man’s chief pitfall. 1t is only by careful pro-
duction and stringent testing that failures in
service can be avoided. Furthermore, it is

apparently only slight variations in technique
that may introduce such grave defects. Take,
for instance, the provision of test bars in
Admiralty gun metal. The British Admiralty
specification calls for 16 tons per sqg. in. tensile
strength, and this result can be readily obtained
in normal foundry practice. Yet wide varia-
tions in test results are frequently reported.
It is easy, as a matter of fact, to cast two test-
bars out of the same ladle of metal, one of which
will have a tensile strength of nearly 20 tons
per sq. in., and the other only about 8 tons per
sg. in., and yet both on the outside will appear
to be perfectly good metal. The differentstrengths
of the bars will be due to the fact that one will
be built up of solid and continuous metal,
whereas, the other will be honeycombed with
spaces. In the first case the apparent section
is the real section of metal carrying the load,
while in the second case the load is carried
actually by a real section of metal much less
than the apparent section. In Fig. 1 is shown
a photomicrograph of a section cut from a weak
bronze. The black areas are holes in the metal,
and from the extent of these holes it can be seen
how little solid metal there is to carry the load.
A section from the same bronze, but cast
correctly, is shown in Fig. 2, and it can be
seen to be perfectly good and sound.

It is necessary to produce bronze which shall
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consistently be free from internal porous-places
in order that the castings shall have the maxi-
mum strength of which the bronze is
capable, but before such a desirable standard
can be attained one must know what causes
some bronzes to be porous. It can be said at
once that the porosity is due to the effect of
two peculiarities of the freezing. In the first
place bronze freezes over a range of temperature,
and, secondly, it contracts in volume during the

Fig. l1l.— Porous Bronze, x 25.

process of freezing. These two features account
for the majority of troubles experienced in
bronze founding, and it would appear to be
profitable, therefore, to study them closely.

The Solidification Process.

When a mould is filled with molten metal and
it begins to cool, the metal in contact with the*
cold face of the mould cools quicker than
the interior. The temperature at which
solidification commences is thus first reached by
a layer of metal near the mould face, and each
layer of metal will reach the temperature at



241

which solidification commences at a later and
later time. In the case of a pure metal, which
solidifies at a definite temperature, the casting
would thus solidify layer by layer as each layer
reached the solidification temperature. Tn the
case of bronze, the alloy does not solidify at a
definite temperature, but over a range of tem-
perature. It cannot, therefore, form a wall of
solid on the outside, gradually thickening to the

\I

Fro. 2. amdBo®r X

interior, as in the case of a pure metal. When
the outside of a mass of molten bronze reaches
the temperature of commencement of solidifica-
tion, only a portion of the outside layer solidifies,
and the' bulk of the layer remains liquid until
the temperature has fallen considerably below
the temperature of commencement of solidifica-
tion. In the meantime, the next layer into the
casting has reached the temperature of solidifica-
tion and has started to form solid, and so on.
In this way it can be seen that solid has started
to form a good way into the casting before the
first layer has passed through its pasty stage.
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The first stage in the freezing of the outer
layer is the formation of a network of solid
metal, and from this network arms of solid metal
then grow into the liquid interior. From these
first arms, or dendrites as they are called, as
the temperature falls smaller dendrites branch
off at right angles, first at the base and then
gradually up the length of the shoot. From
these secondary branches a. third set of branches

Fig. 3.— Dendrites in Bronze, x 25.

then begin to grow out again at right-angles.
W ith each fall of temperature the spaces between
the branches are being filled in making the trees
of solid metal gradually thicker at the bases,
while the tops are continually pushing onwards
into the liquid. In Fig. 3 is a photomicrograph
of a section of bronze polished and etched to
show the dendrites.

Now, during this process of freezing, bronze
contracts considerably. The solid metal occu-
pies less space than the liquid from which it is
formed. The formation of each branch of solid
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metal tends to leave a space around it. While
any liquid metal is available, it will flow up to
the dendrites and fill up the space left by the
solidification contraction. Tf for any reason
liguid metal is not available, then voids will be
left surrounded by solid metal. In the resultant
casting these voids will be found in the shape of
the outline of the partly-formed dendrites. This
is illustrated in Fig. 1, where the contraction
cavity shows a dendritic outline. Further proof
may be obtained by breaking open a bad casting,
when the dendrites may be frequently seen pro-
jecting into space.

Contraction cavities will not form if liquid
metal is continually available to flow up to the
solidifying dendrites. To ensure that each sec-
tion of a casting, as it freezes, shall be in com-
munication with liquid metal either from a
thicker section, from a section filled later, and
therefore containing hotter metal, or from a
runner or riser is no small part of the foundry-
man’s difficult art. Even when a supply of
liqguid metal is available, it has to flow through
a maze of dendrites to fill up all the spaces. It
is advisable, therefore, to shorten its path as
much as possible, to be sure that it is adequately
fluid and that there are no mechanical obstruc-
tions to impede its easy flow.

Thus, there are many factors which affect the
proper filling up of the cavities left during freez-
ing, and to produce sound castings consistently
all these factors must have their proper weight
of attention. Unfortunately, few of the impor-
tant details have been sufficiently worked out
by research workers. The foundryman, indeed,
has a legitimate cause for complaint that the
essential data is greviously lacking. Much of
the work which should be put on a quantitative
and rational basis is still only guess-work, because
that portion which can only be dealt with in the
research laboratory has not been investigated.

The Contraction on Freezing.
The whole process hinges on the contraction
on freezing, but the exact value of this figure
is conspicuously lacking. Recently a few figures
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for the contraction on freezing for some of the
pure metals hare been determined, and reliable
figures for some of the common alloys, particu-
larly those of low melting-point, have been
slowly making their appearance. One still waits
in vain, however, for a series of determinations
to be made on a range of bronzes and on a scale
comparable with that with which other physical
properties, such as the tensile strength, are now
determined. There seems little prospect of the
foundryman being provided with data in the same
lavish manner as the engineer. A mass of re-
search work has been expended on the determina-
tion of the mechanical properties of the common
alloys, and it is by means of these values that a
choice is made of each particular alloy for specific
service purposes. The foundryman is seldom con-
sulted as to his capacity to produce the necessary
castings free from flaws. It remains for him to
protest when unsuitable alloys are demanded.
But he can only protest feebly that the alloy
does not cast well, and for lack of data to make
his protest convincing it is often over-ruled with
the result that expensive and faulty castings
find their way into service. For example, an
alloy with a contraction on freezing of only 3 per
cent, of its volume would be definitely easier to
cast than one with, say, 5 per cent, contraction.
There is reason to believe that comparatively
small variations in the composition of the
bronzes may alter the contraction on freezing to
the extent of 2 or 3 per cent.,, and if a reduc-
tion of this order could be secured, it would be
a consideration of no small value to the foundry-
man. Besides increasing his chance of produc-
ing sound castings, there would be other savings.
For example, smaller runners and risers could
be used. The saving in melting-costs on this
account alone would go a long way towards pay-
ing for some research on the value of the con-
traction on freezing.

The Temperature Range of Freezing.
If there were no contraction on freezing, then
it would be perfectly easy to make good, sound
castings, regardless of the cooling rate and the
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freezing range. The effect of casting tempera-
ture, amongst other things, would cease to be
of much importance. Practical experience indi-
cates, however, that all commercial bronzes con-
tract on freezing to a greater or less extent, and
it is necessary to take account of the freezing
range. The longer the freezing range for a
given value of contraction and the more difficult
it is to cast the alloy free from porosity. It
can be appreciated that, if the freezing covers
a wide range of temperature, then a considerable
depth of metal will be freezing at the same time,
and the feeding liquid will have to traverse a
thick maze of dendrites to fill up the last cavi-
ties. It is thus desirable that the freezing range
should be as narrow as possible.

Fortunately, there are more data relating to
the freezing range than is the case with regard
to the value of the contraction on freezing. The
freezing range of bronze depends, of course, on
its composition, and the subject is expressed in
metallurgical science by means of the equilibrium
diagram. Such a diagram is shown in Fig. 4.

The temperature of the beginning and the end
of freezing are shown by the two thick lines pass-
ing across the diagram. Pure copper, it is seen,
starts and finishes freezing at the constant tem-
perature of 1,083 deg. 0. The addition of tin
lowers the freezing temperature and introduces
a range of freezing. For instance, an alloy with
5 per cent, tin starts to freeze at 1,050
deg. C. and an alloy with 10 per cent,
tin starts to freeze at 1,000 deg. C. These
temperatures are indicated by the points
on the top thick line, which corresponds to the
compositions 5 per cent, and 10 per cent. tin.
The temperature of the end of freezing cannot
be read off at once in such a simple manner on
account of a certain sluggish behaviour of the
bronzes. The diagram is an equilibrium diagram
—that is, it represents conditions which would
eventually come about if ample time were allowed
for all the changes possible to proceed to their
conclusion. In  ordinary foundry practice
bronzes are cooled too quickly to reach equili-
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brium. In fact, it would need such a slow rate
of cooling that the actual solidification of a cast-
ing would be spread over several weeks in order
to reach equilibrium conditions. If such a slow
rate of cooling were possible, then the alloy
would finish freezing at the temperature indi-
cated by the point on the lower thick line corre-
sponding to the composition of the particular
alloy. Actually, on account of the relatively
rapid cooling, the freezing finishes at a point
farther to the right of the diagram. Instead of
the course of cooling falling down the straight

Fig. 4.—Bronze Equilibrium Diagram.

dotted lines, it follows a path, such as is shown
by the lines bending off to the right immediately
after passing the. beginning of freezing. The
exact point where the end of freezing is to be
found for any particular set of conditions can-
not be worked out very easily; it can only be
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estimated empirically. The curved dotted lines
in Fig. 4 for the 5 per cent, and 10 per cent,
alloys represent fairly closely the course of freez-
ing for these two alloys when cast in medium-
size sand castings under ordinary foundry con-
ditions. The 5 per cent, alloy is seen to finish
freezing at about 875 deg. C., while the 10 per
cent, alloy finishes at 800 deg. C. The range of
freezing for these two alloys is, therefore, about
175 deg. C. and 200 deg. C. respectively.

Effect of Other Metals.

The copper-tin alloys are seldom used in prac-
tice in the pure state, but generally have added
to them definite quantities of other metals. Few
bronzes are cast, for example, without the addi-
tion of either zinc or phosphorus. These addi-
tions all affect the freezing range of the bronze,
and hence need to be considered from the point
of view of assisting or retarding the elimination
of contraction cavities.

The effect of phosphorus on the freezing range
of bronze is greater than that of any of the
other usual additions. Small amounts of phos-
phorus materially lengthen the freezing range by
depressing the temperature at which freezing
is completed without a proportional lowering of
the temperature at which freezing commences.
The addition of 1 per cent, phosphorus to a
bronze containing 10 per cent, tin lowers the
temperature of commencement of solidification
from about 990 to about 950 deg. C., that is, by
40 deg. C., and the temperature at which solidi-
fication is completed is lowered from about
800 deg. C. in the pure 10 per cent, tin-bronze
to about 630 deg. C. for the phosphor-bronze.
There is, therefore, a drop of 40 deg. C. in the
beginning of freezing and a drop of 170 deg. C.
in the end of freezing. The net result, then,
of adding 1 per cent, phosphorus to the 10 per
cent, pure bronze is to increase its freezing range
by 130 deg. C. This is a very serious matter for
the foundryman. A freezing range of 300 deg
C.—a common value for phosphor-bronze—makes
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it exceedingly difficult to produce good, sound
castings in sand moulds from such an alloy.

Care must be taken to prevent phosphorus in
unexpected amounts finding its way into gun-
metal, or it is liable to play havoc with the test
results. It is common practice in some foun-
dries to add a little phosplior-tin or phosphor-
copper for the purpose of *“ deoxidising ”
bronze. Generally good results attend this prac-
tice, but in some foundries nothing but disaster
follows such additions. This is due to appre-
ciable and unknown quantities of phosphorus
being left in the alloy, with consequent length-
ening of the freezing range.

Zinc affects the freezing range in the first
place by lowering the temperature of the begin-
ning of freezing. A rough idea of the effect
of zinc can be had by assuming that each 2 per
cent, of zinc has the same effect as 1 per cent,
of tin. Thus an alloy with 8 per cent, tin and
4 per cent, zinc would have a similar freezing
range to an alloy containing 8 4-f = 10 per
cent. tin. The exact value of the freezing point
can be obtained from an equilibrium model con-
structed on the lines of the diagram in Fig. 4,
but, as this is a rather complicated matter, it
will not be dealt with further here.

The Fracture of Bronze.

The metallurgical points which it is so vital to
understand before sound bronze castings can be
confidently produced have not been adequately
discussed in the past, and many failures have
been blamed to minor effects. The appearance
of the fracture of a bronze casting in particular
appears to have been a fruitful source of miscon-
ception, and, on account of the advantage to the
practical man in being able to read the fracture
correctly, one might advisedly deal at length
with this subject.

If a bronze casting is broken open, its frac-
ture will clearly indicate whether the casting is
good and strong or whether it is weak and
porous. In the latter case, there may be noticed
some red and brown patches instead of the
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clear yellow, somewhat silky appearance asso-
ciated with sound metal. An explanation of the
discoloration, which it would appear slightly
ridiculous to mention were it not widely quoted,
is that the bronze is not mixed properly. Trade
literature, either through ignorance or with a
deliberate intention of misleading the foundry-
man, does not hesitate to trade on this fallacy.
One sees advertisements of deoxidisers, fluxes
and other rubbish the use of which is alleged to
promote proper mixing of the bronze, but which
actually have 110 such effect. For the same pur-
pose one is advised to cast in special moulds, to
purchase ingots with a fancy name (and usually
at an enhanced price), and to indulge in a
variety of other dodges. It can here be stated
definitely that it is impossible to melt and pour
bronze in the foundry without invariably secur-
ing perfect mixing. There is another aspect of
this mixing question. Some foundries make a
practice of never using new metal for castings
without first ingotting and remelting it. Twice-
melted metal is supposed to be better mixed.
On the other hand, there are foundries who dis-
like scrap or ingot metal, and for all but the
least important work they insist on new metal
only. From the point of view of thorough mix-
ing, there is nothing to choose between either
method. It does not matter whether one starts
off with new metal, ingots, runners or a mixture
of any proportion of scrap and raw metal, the
ultimate alloy is bound to be properly mixed.
Another explanation of the peculiar appear-
ance of the fracture of a porous casting is that
the metal is oxidised. It must be admitted that
this is at any rate a reasonable explanation,
since the fracture does appear to show oxide
tints. But why should the oxidised metal be
confined, as these bad places generally are, to
a local area of the section? If the metal is
oxidised, surely the oxide tints should permeate
the whole section. Sometimes they do, but
generally the discoloured area is only local. To
avoid this so-called oxidation, one is recom-
mended not to stew the bronze, to melt it rapidly
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and to use a deoxidiser. All these remedies will,
under certain circumstances, help in producing
sound castings, but their effect is not due to
avoidance of oxidation, For instance, slow melt-
ing is supposed to produce oxidised metal. Now,
in actual practice, to get rapid melting in the
ordinary bronze foundry, working with natural-
draft coke furnaces, the draft pressure must be
high and the furnace atmosphere must be oxidis-
ing. As a matter of fact, there is plenty of
experimental evidence that an oxidising atmos-
phere is essential to produce good-quality bronze.
At least, one well-known foundryman has put
on record that, where an oxidising atmosphere
could not be secured in the furnace, sound cast-
ings could not be made unless an oxidising
agent was added to the alloy just before cast-
ing. He found that, when bronze was melted
under reducing conditions, the addition of lead-
oxide was necessary to induce soundness.

A false analogy has been drawn between the
behaviour of copper and bronze towards de-
oxidisers, and this has led to the extended use
of certain copper deoxidisers in the bronze
foundry. Very frequently, however, much money
is wasted on these deoxidisers, with no technical
gain.

The oxide of copper, which is formed when
copper is melted in an oxidising atmosphere, is
soluble in molten copper, and, although recent
researches have shown that copper oxide is not
the bugbear that less enlightened metallurgy
believed it to be, yet still, for certain purposes,
it is desirable to remove this oxide from the
metal. To do this, some element is added which
will reduce copper oxide to copper and take to
itself the oxygen to form an oxide of the added
metal. It is then necessary that the new oxide
which is formed should be easily removed as
slag, or it should be sufficiently volatile to burn
off. If the new oxide is not readily removable,
the last state will be worse than the first. There
are several available deoxidisers suitable for
copper. For example, there is silicon, which,
when added to copper containing oxide of copper,
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reduces the copper oxide to form copper and
silicon oxide. The silica is insoluble in copper,
and it is much lighter than the molten metal,
so that it rises to the surface of the melt, and is
either skimmed off or slagged off. There is also
phosphorus, which will readily reduce copper
oxide, forming an oxide of phosphorus, which
again is insoluble in the melt, and readily rises
to the top, either to volatilise or to form a slag.
Many other materials also may be used, such as
manganese, iron and zinc. The essence of the
whole process is that the oxide of copper is in
solution, and a chemical reaction can therefore
readily take place.

Now, in bronze there is an entirely different
condition. There are no soluble oxides in the
alloy. It can be shown that tin and zinc both
reduce copper oxide. In the making of bronze,
therefore, copper oxide is reduced, and in its
place zinc or tin oxide is formed. These
oxides are both insoluble in bronze. Zinc
oxide is not only insoluble, but it is not even
wetted by the alloy. It is very light, moreover,
and it quickly rises to the surface of the melt,
where it may be skimmed off. It is only when
proper precautions are not observed in skimming
and pouring that zinc oxide will be found in the
castings. These oxide inclusions are readily
apparent without the aid of a miscroscope, and
appear as patches of greenish-white sandy
material or sometimes looking like a bit of paper
which has been screwed up and thrust into the
metal. Apart from the unsightliness of such
patches of oxide on the machined surface of a
casting, it must be remembered that the oxides
are of low mechanical strength, and therefore
they break up the continuity of the metal and
lower its strength. Oxide inclusions may also
impede the liquid flow during the freezing and
contraction of the casting, and thus lead to
porosity.

The elimination of tin oxide is not so easy
as it is to free the bronze from zinc oxide, be-
cause the tin oxide is nearly as heavy as the
metal, and therefore does not readily rise to the
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surface of the melt, but remains disseminated
throughout as insoluble particles. Frequent
comment has been passed on the fact that phos-
phorus, the most popular deoxidiser for bronze,
will not reduce tin oxide. As phosphorus is
usually only added to the extent of about
per cent., it is difficult to see how it can be
expected to react with any oxide distributed, as
is the tin oxide in the form of fine insoluble
particles. A much larger proportion of any re-
ducing metal would be required to react under
these conditions.

It is essential, therefore, to prevent oxide find-
ing its way into the casting by mechanical rather
than chemical means. The first precaution is to
see that the skum from the top of the melt is
properly skimmed off. Even then there is the
oxide which forms on the stream of metal as it
is being poured into the casting, and to prevent
this oxide being carried into the mould, choke-
runners should be wused. Finally, there is a
danger of oxide forming during the flow of metal
about the mould, particularly where large, flat
surfaces are exposed uppermost. Only a modifi-
cation of the method of running can avoid this
trouble.

It is the author’s considered opinion that argu-
ments which seek to blame the cause of porosity
in bronze castings on to oxides, gas occlusions,
improper mixing or similar secondary matters
without full reference to the volume change on
freezing and the freezing range are liable to be
very misleading; and that these two latter effects
are of supreme importance. There seems to have
been a general avoidance in the past of any dis-
cussion of such a point of view, and on account
of this remission there is at present a disappoint-
ing paucity of important fundamental data
thereon, but if foundrymen were to develop a
more sympathetic attitude towards research and
a greater freedom in discussing their troubles,
there is little doubt that research could quickly
be guided into channels of profitable incidence
on practice.
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DISCUSSION.
Fracture Judging.

The (Mr. Wesley Lambert), em-
phasising Mr. Dews’ remarks with regard to the
interpretation of the fractures of bronze, said it
was his experience that the majority of engineers
could not interpret the fracture of a non-ferrous
metal. When a bronze of the nature of, say, an
Adrfiiralty gun-metal was ruptured, it was not
unusual to hear such remarks as “ It is not even
mixed properly,” “ It is made up with a lot of
scrap brass; look at those yellow and red
patches,” etc. Such remarks evidenced the fact
that the people who thus commented on a frac-
ture could not interpret the fracture of a bronze.
It was essential that the founder should have a
correct knowledge of the fracture of each indi-
vidual alloy, and he should be able to judge by
the fracture whether the metal had been correctly
compounded, whether it had been cast at too
low or too high a temperature, and also whether
the mould was sufficiently dry. With the know-
ledge obtained from the correct interpretation
of the appearance of the fracture, combined with
the knowledge obtained from the testing labora-
tory of the tensile and other tests, one should
get a good idea of the best standard fracture to
work to. The President also emphasised the
necessity of adopting a standard method of pro-
ducing the fracture. It was quite possible, by
varying the method of fracture, to produce frac-
tures of quite different appearance from one bar
of uniform character. It was quite possible, in
the case of both ferrous and non-ferrous metals,
to break a bar in such a manner that the rupture
would occur around the crystal grains, or in such
a way that it would occur through the crystal
grains, thereby producing a fracture which
appeared to show that the structure was coarsely
crystalline, or, on the other hand, that it was
of an amorphous or of a fine granular structure.

Two Types of Contraction.
Mr. A. H. Mtjndet said he was particularly
interested in Mr. Dews’ work, especially in con-
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nectiou with the mechanism of solidification,
which had to be studied very closely in connec-
tion with die casting. The contraction of the
metal due to crystalline contraction during soli-
dification, and the contraction which occurred
after the metal became solid, were two separate
functions. Certain metals contracted very little
due to crystalline contraction, but they all con-
tracted very considerably afterwards, according
to the simple law of lineal contraction—a fact
which was often forgotten. It had been sug-
gested to him that surely, seeing that there was
such a magnificent sharp impression of the
mould, there could be no such contraction. That
was not true, however, and that second contrac-
tion must he legislated for most definitely. Every
patternmaker’s rule had a little spare—a 1-ft.
rule was a little longer that 1 ft.—so that he
might legislate for lineal contraction, but that
lineal contraction was quite different from the
contraction which occurred during solidification,
because the latter varied according to the con-
stitution of the alloy.

Equilibrium Diagram as a Basis.

Mr. A. emphasising Mr. Dews’ plea
that foundrymen should try to take an intelli-
gent interest in equilibrium diagrams, said it
was only by studying such things and trying
to grasp what actually occurred during the soli-
dification of an alloy that they could anticipate
with intelligence what would happen inside the
mould, and cater for it. Mr. Logan also em-
phasised the importance of a study of the liquid
contraction which occurred on freezing. It was
undoubtedly a point about which we knew very
little, and the sooner we knew more about it
the better.

Mr. W. carciana pointed out that, although
a large number of Papers was published giving
the results of investigations of the various alloys
from the purely scientific point of view, and
occasionally some very severely practical Papers
were published, there seemed to be very few
links between the theoretical or scientific and the
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practical. Mr. Dews was to be congratulated on
this Paper, because it did form one of the links
between the two extremes, and it was to be
hoped that many more Papers of the same
character would be published.

E of Virgin Metals.

Mb. FEWWI’B’, discussing the relations
between works metallurgists and foundrymen,
complained that these two departments seemed
to be quite distinct in aim and object. Refer-
ence had been made by the President to the
necessity for educating the foundrymen to a
scientific interpretation of fractures, but the only
fractures which the metallurgist put before the
foundrymen were the bad ones; he never showed
and explained the metallurgical points of a good
fracture.

Referring to a bronze consisting of, say, 10 per
cent, tin, 0.5 per cent, phosphorus, and the
remainder copper, he asked Mr. Dews for
information with regard to the beads of white
material which came back very often on the
riser, but not so often on the runner. Also, dis-
cussing a bearing bronze, of a composition similar
to that of the bronze already referred to, except
that it contained 8 per cent, less copper, for
which 8 per cent, of lead was substituted, he
said that much slag was produced, and he had
found it impossible to eliminate it. It seemed
to form on the sides of the pot, even though it
had been skimmed. It had been stated in some
quarters that the trouble could be overcome by
the addition of nickel, and he asked whether Mr.
Dews had had any experience of the use of nickel
in bearing bronzes. With regard to the examina-
tion of bronzes, he said that, although the
Admiralty called for a tensile strength of 16 tons
per sg. in., and an elongation of 10 or 15 per
cent., the inspectors acting on behalf of other
large customers did not worry about physical
tests; they had the bars machined and broken,
and examined the fractures, and they contended
that that was sufficient. He asked whether Mr.
Dews considered that the fracture was a better
guide than the physical tests, or vice versa.
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AUTHOR’S REPLY.
Phenomenon of “Tin Sweat.

Mr. Dews, replying to the discussion, said it
was unfortunate that some works metallurgists
got into the habit of telling the foundry workers
about the bad work only. At the same time, it
was the metallurgist’s job to root out the bad
work and to try to put matters right. Further-
more, they were sometimes reluctant to say what
was correct, because conditions constantly im-
proved, and what they one day regarded as per-
fection would the next day be improved upon.
Their attitude was probably also due to the
training they received; in science, no sooner did
one look upon a thing as being a definite fact,
than someone would come along with a new
theory, which showed the old ideas to he only
partly true.

With regard to the bronze containing 10 per
cent, tin and | per cent, phosphorus referred to
by Mr. Milner, who said that during the cooling
he noticed beads of white material on the tops
of the runners and risers, the author said that
this material was a tin-phosphorus rich alloy,
and it sweated out of the bronze just as the
bronze was cooling from red heat to black. If
the casting being made was a fairly light one,
and if a fairly heavy runner was used, one need
not worry much if a few of these beads appeared;
but if the casting were a heavy one, and beads
appeared on the top of the runner, one could
be certain that the casting was useless. The
beads appeared only when phosphor bronze was
cast too hot; if it were cast cooler, the runner
top, instead of being level or bulging out like
a cauliflower, would sink, and there would be
no beads of tin-phosphorus-rich compound on the
runner. In the case of a light casting, one could
not cast phosphor bronze cold enough to produce
this sinking on the riser and runner, which were
necessarily heavier than the casting. With the
heavier casting, one could pour the metal cooler
and could keep the tin sweat down. As a matter
of fact, phosphor bronze of this description
should be poured as cold as it was possible to
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run the casting sharp; the temperature should
be just a little above that which would result in
a cold shut or mis-run.

Leaded Bronzes.

With regard to the bronze containing 8 per
cent, lead and 0.5 per cent, phosphorus, he. said
a slag was produced consisting of lead and phos-
phorus—a complex lead phosphate. This slag
was continually being formed, and would rise to
the top of the molten alloy. It wa" liquid at
temperatures below that at which the casting
began to freeze, so that one could not
thicken it and skim it off the alloy be-
fore pouring. At ordinary casting tempera-
tures the slag was so liquid that it was
liable to rtfn into the casting. When cast-
ing a high-lead phosphor bronze in his foundry,
it was the practice to use either a “ strainer ”
head or a fairly large cup with a plug in it, so
that one was able to maintain a good head of
metal in the runner and to allow only the clean
slag-free metal to run into the work. He did
not believe there was anything in the proposal
to use nickel for the purpose of eliminating that
slag, and he knew of no Way of overcoming the
trouble other than by preventing the slag get-
ting into the work by means of special pouring
devices.

Fractures of Physical Tests.

There was a good deal to be said for the prac-
tice of examining only the fracture of bronze
and disregarding the physical tests. It was pos-
sible to pour two test-bars from one pot of
Admiralty gun-metal, one of which would have
a tensile strength of 8 tons and the other 18 or
20 tons per sqg. in. It was obvious, of course,
that both of these were not representative of a
casting poured from that pot of metal, nor repre-
sentative of the quality of the bronze. The only
way to ensure getting a test-bar to represent the
quality of the bronze was to cast about six bars,
commencing at a temperature higher and finish-
ing at a temperature lower than that at which
one would cast the work. One could then plot

E
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the test results on a curve and take the peak as
representing the best test one could get out of
that mixture. That method was hopelessly in-
convenient for practical work, however, and
applicable only to experimental work. There
was thus a good deal to be said for nicking a
piece of metal and examining the fracture, but
one needed a good deal of experience before one
could rely upon such a method. Founders were
familiar with one type of inspector who came to
their works occasionally, and, by encouraging
such a method of test, we should have, sooner or
later, a very inexperienced inspector visiting the
works, who would reject castings on what he
considered to be a bad fracture, and which the
founders themselves might consider to be a good
fracture.

Co-gperation between Works and Laboratory.

The ﬁmtsaid that on several occasions
he had pointed out that the founding of metals
was not an exact science, and, in view of the
many variables that were introduced in the
manufacture of castings, especially those of com-
plicated shape, he doubted whether this could
ever be expected—a fact which was often over-
looked by the purchasers of castings. The pur-
chaser seemed to think that, with the present-
day science at our command, one ought to be
able to turn out perfect castings, but until the
founding of metals became an exact science, one
could not always ensure standard conditions.
Commenting on the complaint which had been
voiced to the effect that the works metallurgist
approached the foundryman only when things
went wrong, he pointed out that, after all, such
a condition of things was more or less to be ex-
pected. On the other hand, it was up to the
foundryman to educate himself, and there was
no reason why the foundryman should not cul-
tivate a sufficiently friendly feeling, between him-
self and the works metallurgist, to ask assistance
from the metallurgist. In a good many instances
the metallurgist took it for granted that the
foundryman was able correctly to interpret frac-
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tures, and that a good fracture would give good
test results; if the foundryman did not know
what test results to expect from a metal, which
he considered to be good, he should ask the
works metallurgist to make some tests and to
furnish him with the results. He (the Presi-
dent) did not think a works metallurgist, if he
was worthy of his position, would ever refuse
such information.

With regard to the equilibrium diagrams, he
said the ordinary craftsman could hardly be
expected to understand or to digest the many
diagrams that one found even in the technical
literature devoted to the foundry craft. As far
as possible, he adopted the practice, when lectur-
ing, of dealing only with that portion of the
curve which had relation to the usable foundry
alloys, and he carefully avoided dealing with
the complete curve and its ramifications. It
was, however, advisable for the foundryman to
study that portion of a curve which covered
the alloy or range of alloys with which he was
likely to have to deal. In this connection he
(the President) offered to help any foundryman
who had difficulty in mastering an equilibrium
diagram. If any such would write to him and
explain their difficulty, he would be glad to in-
terpret that portion of the curve which related
to their particular alloy.

“Tin Sweat”

Discussing the “ tin sweat” which appeared
when casting bronze as mentioned by Mr.
Milner, he confirmed that the constituent which
sweated out was obviously the constituent which
was the last to solidify. One must regard the
first-formed tin-copper casting as a sponge con-
taining in its interstices a constituent which
had not solidified. As soon as the matrix or
sponge had solidified and had begun to con-
tract, there would be a tendency for the liquid
constituent remaining in the interstices to be
squeezed out. Obviously, as Mr. Dews had
pointed out, it was best to arrive at a tempera-
ture for casting the bronze at which as much

K2
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as possible of the low-melting-point constituent
would be trapped in the casting. At the same
time, there was something to be said in favour
of a little of the tin constituent sweating out,
because when that occurred it indicated that
the mechanism of solidification of the casting
as a whole was proceeding along normal lines.

Discussing further the interpretation of frac-
tures, he suggested that one should fracture
specimens in various ways in order to arrive at
a standard method, and also ask the metal-
lurgist to favour with a short lecturette on the
interpretation of any fractures so produced.
He urged the foundryman to make friends with
the metallurgist; if this was done both the
metallurgist and the foundryman would learn
something to their mutual advantage. Too often
a foundryman was inclined to regard the metal-
lurgist as a policeman, and in many instances
foundrymen themselves were to blame for not
making friends with the metallurgist. Foundry-
men did not always appreciate the introduction
of scientific instruments intended to aid them in
their work. For instance, when a pyrometer
went wrong they were inclined to say “ Pyro-
meters are of no use,” but if a pyrometer was
handled as it should be handled, instead of meet-
ing with the rough usage to which it is often
subjected, far less trouble would be experienced
and confidence in the use of the pyrometer would
soon be established.

Nickel Additions to Leaded Bronzes.

Referring to the bearing bronze mentioned by
Mr. Milner, and containing 8 per cent, of lead,
he said that, with all respect to Mr. Dews, he
would have suggested less phosphorus in the mix-
ture, unless bound by a specification figure.
Personally, he could see no valid reason for
including a high amount of phosphorus in a
bearing bronze containing a heavy percentage
of lead. Much slag is invariably formed, which
may, and sometimes does, find its way into a
casting unless means are adopted to keep it
out. With regard to the addition of nickel in
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lead bronzes, he said that snch practice was
resorted to more particularly in the case of
alloys having a higher lead content than that
mentioned by Mr. Milner. Nickel was one of
the reagents which were sometimes introduced
into bearing bronzes containing 25 or 30 per
cent, of lead, the object of the introduction of
the nickel being to “ hold up ” the lead, i.e.,
to prevent segregation, and in this respect it
was effective. Sulphur, plaster of Paris, and
other reagents were also used in some foundries
for a similar purpose.

Soluble Oxides in Bronzes.

Mb. A. Logax, commenting on Mr. Dews’
statement that there were no soluble oxides in
bronze, said that although he did not dispute
that statement, it might be profitable to con-
sider what happened when a bronze was mal-
treated. It was possible to melt in a reverbe-
ratory furnace a large amount of scrap—borings,
and other metal of that type—and obtain thereby
a mixture which a foundryman would refer to
as being oxidised. If that metal were run into
a ladle it would look very pasty, and a casting
made from it would be full of porous places,
gas-holes, etc., even though it were cast at the
correct casting temperature. Mr. Dews had
stated that there were no soluble oxides in the
alloy, but the foundryman wanted to know the
reason for the state of affairs mentioned, and
how it could be remedied. In such castings
there was a tendency to excessive segregation,
and there was evidence of the “ tin sweat ™ to
which Mr. Milner had referred.

Remelted Bronze Borings.

Mb. Dews said that the point raised by Mr.
Logan was very important indeed. He believed
that the statement in the Paper, that there
were no soluble oxides in bronze, was correct, and
he made the statement quite definitely. The
oxides which caused trouble in the casting of
bronzes were, he believed, insoluble, and were
held in suspension. Mr. Logan had visited his
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foundry on the previous day and had seen there
a reverberatory furnace which was employe
entirely in melting very fine bronze-bonngs
which were taken from the lathes m the shops.
These were turned out into ingots, and the ingots
were re-melted—with new metal, he admitted—
and poured into castings, and this metal never
gave any more trouble than other metal with
oxides, blowholes, or anything else. In fact, pro-
vided the metal were properly melted the second
time, he defied any foundryman to tell the dif-
ference between a casting made from new copper
and tin and one made from the dirtiest old
borings swept up from the floor of the shop. It
was merely a question of allowing sufficient time
for the oxides, scum, dirt, and so on, to rise to
the top of the metal, and then skimming it ofi.
One could add a little phosphorus, to make it
more fluid in order to allow the oxides to get
to the top so that they could he skimmed off.
He had never noticed any tendency for tin sweat
to occur in metal made from borings or scrap any
more than in new metal.

Gas Content in Metals.

Mr. A. H. Mundet said that many foundry
men missed or overlooked the fact that, of the
oxides in gunmetal, tin oxide was not deoxidised
by phosphorus. Copper oxide was deoxidised by
phosphorus, but tin oxide must he coaxed to the
top of the metal and skimmed off. It had been
pointed out by Griffiths, two or three years ago,
that tin oxide was some two and a-half times as
hard as tool steel, and the presence of little bits
of it in a bearing bronze was bad. Again, metal
which had been melted very quickly, or had been
standing very hot for a long time, occluded a
very large quantity of gas. That gas had to he
removed, but if the metal were cast badly or at
too high a temperature it did not get rid of the
gas. The conditions were the same as in steel
casting.

Reclaimed Scrap Metal Satisfactory.

The President said there was a tendency
among foundrymen, when having to make a
casting wholly from a scrap mixing, and which
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casting failed to turn out quite right, to blame
the trouble on to the use of scrap. The point
to be considered, however, was the nature of the
scrap. If, for instance, one had supplied a
number of perfectly good castings to a customer,
and for some reason or another those castings
were returned, one could not justly refer to
those castings as scrap in the general acceptance
of the word. Foundrymen should be too proud
to attribute many of their troubles to the use of
scrap; the fault was in the treatment of the
metal rather than inherent in the metal itself.
In the ordinary way one could make very good
castings from remelted scrap.

Second Melting.
M".A. H. Magreed that better results

were obtained on second melting than on the
first melting, and emphasised the point by means
of an analogy. If one went to a chemist’s shop
and asked for a bottle of medicine according to
a prescription, the chemist would not prepare it
by putting into the bottle a teaspoonful of
Epsom salts, fill the bottle with water, and then
add sugar and a little cochineal, and charge
2s. 6d. If he did that, one would notbe pre-
pared to pay the 2s. 6d. for it. W hat the
chemist did was to pour into the bottle a strong
solution of Epsom salts, and add tothat a solu-
tion of sugar and water and cochineal, and in
that way produced a homogeneous solution.
Similarly, a good foundryman did not make up
a copper-tin alloy directly by melting copper and
adding tin to it; he always prepared what he
called a white mixture—which was analogous to
the chemist’s strong solution—and, therefore, he
gave it a second melting and obtained a better

solution
Mr. I\‘Wdiscussed the call in the specifi-
cations of some firms for the use of virgin metals,

and said that his foundry had had to meet Orders
for very light castings, of not more than 4 or 5
ounces, in a mixture similar to a red bronze,
i.e.,, 85/5/5/5, and the customers had insisted
upon the use of virgin metal—electrolytic copper,
electrolytic zinc, and so on. The results obtained
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with the new metals, however, were not so good
as those obtained hy first melting the metal,
running it into ingots, and running the castings
from the second melt wdth an addition of zinc to
make up the amount lost by oxidation on the first
melt.

Twice Melting.

The President, discussing the problem _of
“ twice melting,” said that, when compounding
an alloy, the major portion of which was copper,
it was necessary not only that the copper be
rendered molten, but it must be superheated.
All metals, at high temperatures, have a ten-
dency to absorb gas and to give off that gas
during solidification. It was far better that the
gas should be given off when the metal was cast
in the form of an ingot for remelting than that
it should be found in the wultimate casting.
Therefore, it was considered better practice to
cast first into ingot form and to remelt at a
lower temperature for the ultimate casting into
shape than to attempt to make the metal and
cast direct. The latter method was not, how-
ever, impracticable, provided one exercised the
greatest care and paid particular attention to
relative temperatures.

Mr. Victor Stobif, said that the President’s
remarks with regard to gases coming off from
the metals on solidification applied to the fer-
rous as well as to the non-ferrous. |If one made
a steel by a highly oxidising process without
further treating it, one found that, the moment
it solidified, carbon monoxide and a complex
range of gases came off; roughly in proportion
to the severity of oxidation of the melting pro-
cess. That could be avoided in the main by de-
oxidising prior to casting. He asked whether
the de-gasifving of a non-ferrous metal prior to
casting would be less advantageous than a pre-
melting and ingotting of the metal.

The President pointed out that Mr. Stobie
had rather jumped to a conclusion. He (the
President) had not mentioned oxygen, but had
referred to “ gases.” One could deoxidise an
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alloy, but there were other gases with which
it was not so easy to cope.

Mr. A. Logan said the general concensus of
opinion was that a double melting was better
than direct melting, and possibly that was so in
the majority of cases, but it was not absolutely
necessary.

The President pointed out that that was
what he had stated, namely, that castings can
be produced satisfactorily without resort to
double melting, but only when the necessary
precautions are taken.

Mr. Logan agreed, and said he merely wanted
to confirm that statement.

On the motion of the President, seconded by
Mr. W. Cartirand, a hearty vote of thanks was
accorded Mr. Dews for his Paper.
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DIE CASTINGS.

By A. H. Mundey (Member).

The art of die casting is of the greatest in-
terest to the foundryman, yet it is feared that
this interest is not wholehearted as a general
rule. The attitude is apt to be one of good-
humoured tolerance, not unmixed with a trace
of contempt. It is easy to understand this, for
the foundryman’s craft is essentially that of the
moulder in sand and loam, and any process which
aims at the displacement of this highly-skilled
craft must of necessity be viewed with suspicion,
even if this displacement be only in respect of
a minute fraction of the total output of the
foundryman.

It has been pointed out several times recently
that when an intelligent person, who has no
intimate knowledge of the work, visits a foundry
and sees the large and beautifully-prepared
moulds ready for a casting—moulds, so costly
in money as well as skilled effort and time—
and the visitor learns that the mould is used
but once, that it is destroyed in giving birth
to one casting only, the natural question arises,
cannot moulds of a permanent or at least a
more-lasting character be employed? Diecast-
ing, in a limited measure and in respect to small
castings which are required in large numbers,
is the attempt to furnish a practical answer.

Die casting has been studied during recent
years by a number of metallurgists, both from
the point of view of scientific research and as
a technical problem of industry. Many Papers
have been read and lectures given and discussed.
The author has had some small share in these
efforts to obtain and disperse reliable informa-
tion. It will, therefore, be impossible to present
to the Institute details which are entirely new
and unpublished, as the investigators have
honestly reported results of experimental and
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explorative work, whether successful or not, to
the great advantage of all engaged in the
industry.

Die Gasting may be defined as a method of pro-
duction of castings in a highly-finished or semi-
finished condition, accurate to form and dimen-
sions, with holes and inserts as required, screwed
parts, both internal and external complete, by
pouring or by forcing under pressure, molten
metal into well-finished permanent or long-life
moulds. These moulds are frequently called dies;
this is probably on account of the fact that they
are produced by highly-skilled tool-fitters and
die-sinkers and not by the moulder, as in general
foundry practice.

The process is distinguished from that usually
known as ehill casting, in that the latter usually
requires a subsequent machining operation, or
even forging and machining before the article
is ready for use, on the other hand, die castings
are very largely polished and plated after cast-
ing and trimming.

Die casting is not a newly-invented process,
for the ancient armourers used more or less
permanent moulds of stone or burnt clay for the
production of spearheads, axes and other
weapons, these castings being of bronze. The
method of production, by simply pouring molten
metal into the mould, is now usually called
“ gravity ” die casting, as distinguished from
the employment of pressure, either by a pump-
plunger or high-pressure air when it is desig-
nated “ pressure ” die casting, thus excluding
the term chill casting altogether.

Type casting is the oldest-established branch
of die casting, and it is probable that the print-
ing industry employs an amount of die castings
in the form of type and stereo-plates, which far
exceeds in weight the whole output for all other
trades.

The early dies were simple, consisting of three
members, two forming the mould for the body
of the type, and the other the matrix for the
tvpe face, the metal being poured from a small



268

ladle, whilst the mould was held in the hand.
Type-casting machines are excellent examples of
automatic die casting. Here, in a belt or single-
unit motor-driven machine, molten metal is
pumped into a three-part mbuld, which is car-
ried to a nozzle to receive it, the mould is
opened, the casting ejected, the tang removed,
the cycle of operations is now repeated, each
movement being effected by appropriate cam-
mechanism. The composing machines, of which
the Linotype and the Monotype are the most
notable examples, are developments of the type
casters.

A few specimens of the products of these
machines will be of interest to foundrymen,
whose usual work is of such different character,
one specimen only will be specially mentioned;
a Monotype type, one-sixth of an inch-square
sectiop. On this small surface the whole of the
Lord’s Prayer is cast, the definition being per-
fect, as viewed under a low-power microscope.

At the other end of the scale of castings for
printers there is the stereotype foundry. In the
office of one great London daily newspaper no
less than 40 tons of metal is cast into plates (all
of which are of outstanding merit as to work-
manship) nightly.  Bullet casting was probably
the next operation in which die casting was
employing in an extensive way.

Anderson and Boyd, in an American Exchange
Paper to this Institute* gave an excellent classi-
fication, and Capt. George Mortimer adopted
this in his Paperf in 1926; it was as follows: —
(a) Slush casting; (») gravity casting; (c) cen-
trifugal casting; (a) corthias casting; and
(e) pressure casting. Cartland, in a lecture to
the Coventry Engineering  Society, 1928,
expanded this, as set out in Table I.

Die casting can be classified into two main
divisions, i.e., pressure die casting and gravity
die casting, but before passing on to discuss
these in detail it is proposed briefly to describe
the three other processes.

* Proceedings, “ Inst. British Foundrymen,” Vol. XV 11.p. 46.
t JournaV, “ Inst, of Metals,” Vol. XXXV, p. 371.
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Slush Casting.

The first is slush casting, which is used for the
production of articles of decorative rather than
engineering value, such as toy soldiers, statu-
ettes and chandelier fittings. The metal is
poured into the mould, and the mould is then
almost immediately inverted and the majority
of the metal poured out again, but a thin lining
solidifies against the cool surface of the mould,
thus producing a light hollow casting without
any elaborate method of “ coring.”

1— Classification of Die Castings.

Slush fTin base
Centrifugal Tin-antimony
Corthias 'Plunger*» Lead base ' copper;

w. T, I hardened )
1 Zinc B'ase ~ Copper> alumi.

I nium hardened

Pressure

| Al above
Air Aluminium
(LAlloys
f All above

J Aluminium alloys
| Aluminium bronze
[ Cast iron

Centrifugal Casting.

This is a method by which centrifugal force
is employed to bring pressure to aid in the fil-
ling of the mould. Its application is very
limited indeed, but castings of very close, even
grain can be produced.

Gravity

Corthias Casting.

A measured amount of metal is poured into
the mould and a tightly-fitting core attached to
a plunger is then immediately forced into the
mould with pressure. This gives the effect of
pressure die casting, but the process is naturally
limited to the comparatively few designs in
which the pressure can be applied by the inser-
tion of the core.

Pressure Die Casting.

This is one of the two main divisions of the
die-casting industry, and by pressure methods
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eastings can be produced with a high degree of
finish, a remarkable dimensional accuracy, and
with holes correctly spaced, true to size, with
internal and external screw threads, with bushes
and inserts placed as required and cast at a great
speed, when once the dies have been correctly
designed, made and tested.

The apparatus used is simple in principle.
Imagine a melting-pot formed essentially like a
teapot; the vessel is filled, or nearly so, with
molten metal, the lid is replaced by a plunger,
the mould or die is attached firmly to the spout;
a sharp application of pressure to the plunger
forces a supply of molten metal up the spout
and into the die, which is so arranged as to be
capable of ready opening for the release of the
casting. A small hand-operated machine,
patented in 1872, worked exactly on these lines,
and, although modern machines of the plunger
type have become relatively complicated in
design, the same general principle applies.

The general equipment for die casting by this
method wusually includes several melting-pots,
normally of cast iron, and gas- or oil-heated,
placed handily for supplying molten metal to
the actual casting-machine, which has a reser-
voir containing metal, kept hot by gas-burners,
enclosed in a chamber lined with firebrick.

The pump with plunger is attached to the
reservoir and the plunger is operated by means
of a long lever. The mould or die is fastened
to a swinging or hinged plate and is brought
into communication with the spout by swinging
the plate into position and fastening with clips
The mould, being in two parts at least, is held
together by means of a toggle-joint which admits
of quick release, thus parting the mould. The
parts of the mould are kept in register by means
of dowels. Holes in the casting are formed bv
means of cores which are removed by rack-and-
screw mechanism. Internal threads are formed
by means of screw cores and external ones by
screwed collars. The air is displaced by the in-
coming metal through vents which are placed at
suitable positions—the success of any particular
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of the die. The vents themselves are frequently
very thin, flat apertures through which air can
pass, hut on account of their small sectional area
the metal is unable to follow.

Dies are generally of steel—the main portions
of mild steel, the special parts of alloy steel,
such as nickel chrome, whilst as much of the
body of the die as can be, is made of cast iron.
The choice of material is controlled by the class
of alloy to be used and the character of the
casting.

The operation of casting in a plunger type of
machine is as follows:—The reservoir is filled
with molten metal and the lip of the nozzle
cleaned from dross and partly-solidified metal.
The die is opened, cleaned, oiled, and, in some
cases, dusted with French chalk, cores are racked
and screwed into position, and inserts or bushes
placed in position. The die is then closed and
by means of the plate, on which it is fastened,
is brought with the aperture pressed close
against the nozzle of the metal reservoir. The
stroke of the plunger is actuated by a bell-crank
lever, the long arm being manipulated by the
operator. The kind of pull on the lever is very
important; in some cases a sharp stroke is neces-
sary, whilst in others a steady, strong follow-
through is required. The workmen become re-
markably skilful in maintaining the kind of pull
to give the best result as well as in general
management of the whole machine. The dies
and cores are generally water-cooled; the adjust-
ment of the rate-of-circulation to maintain the
best die-temperature is important.

After completion of the casting, the spout is
severed and removed and the mould opened, a
set of ejector-pins which lie flush with the sur-
face of the die is operated and the casting
gently pushed out immediately after solidifica-
tion. The marks of these ejector-pins are just
visible on practically all zinc-base die castings.
The die is now ready for a further cycle of
operations.  The casting is given a preliminary
inspection and then passed on for trimming,
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polishing, plating, etc., if required, before final
inspection.

The plunger-type of pressure die casting
already described is suitable for all alloys of
low melting-point, that is, up to about 450 deg.
C., and under this beading are:—

(1) AIll tin-base alloys for bearings of every
description. This section of the die-casting in-
dustry is one which is almost complete in itself;
castings can be produced with great precision
and excellent finish. The subject of die-cast
automobile-bearings is one which will probably
be well known to the members of this con-
ference.

(2) Special tin-antimony alloys, which are used
for gas-meter parts. These also produce castings
of a high degree of accuracy and finish.

(3) Antimonial lead alloys for battery plates,
grids, and terminal nuts for batteries, and also
for certain weather-resisting window-fittings and
other special purposes.

(4) Zinc-base Alloys.—This is probably the
largest class produced as pressure die castings in
the plunger-type machine. Their application
covers a vast range of engineering and general
commercial work, as will be seen from the speci-
mens exhibited. Gramophone and other musical
instrument parts, wireless details, automobile
accessories, domestic articles, camera and cine-
matograph fittings and general instruments.

here are two main classes of alloys used:—
Zinc-hardened with tin and copper, and
Zinc-hardened with copper and aluminium.
The actual composition varies with the work to
bo done. Special more-complex alloys are some-
times used, but the following can be regard
typical of the two classes concerned:
Tin, 7 to 10 per cenjm copper, 4 to 7 per cent.;
and zinc, balance, @Copper, 3 to 5 per cent.;
aluminium, 4 to 4.5 percent.; and zinc, balance!

In general, Class are used where dimen-
sional curacy is of the greatest importance;
Class where strength and toughness are the

chief consideration.
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The most notable contribution to the avail-
able information on die casting at the moment
is the series of Papers presented to the Institute
of Metals at the Autumn Meeting at Liverpool
in September last year. The Papers report work
carried out by the British Non-Ferrous Research
Association, with the active support of the De-
partment of Scientific and Industrial Research
and the valuable co-operation of the manufac-
turers and their associations.

The Papers deal with three distinct sections
of the industry:—(1) Die-Castings Alloys of
Low Melting-Point by Russell, Goodrich, Cross
and Allen, under the direction of Professor C. H.
Ddfcch, of Sheffield University; (2) Properties
and Production of Aluminium-AUoy Die-Castings
by Archbutt, Grogan and Jenkins, under the
direction of Dr. W. Rosenhain at the National
Physical Laboratory; and (3) Die-Casting of
Copper-Rich Alloys by Genders, Reader and
Foster, under the direction of Dr. Harold Moore,
of the Research Department, Woolwich.

The Papers are arranged in this order because
it is considered that it corresponds with the
relative magnitude and commercial importance
of present-day manufacture. The first Paper,
dealing with alloys of low melting-pointyognfines
itself to zinc-base alloys of two types: @Those
in which the dening-constituents are tin and
copper, and examples of alloys employing
aluminium and “copper as hardeners, other con-
stituents, such as nickel, cadmium, lead and
magnesium, have been introduced as individual
cases, as shown in Table I.

Pressure-casting was employed throughout.
Flat test-pieces were made in sixteen alloys.
The examination was for tensile strength, hard-
ness, bending, porosity, and also as to the effect
of casting temperature, temperature of mould,
size of gate and vent and type of pull on lever.
Further, the effects on the strength and on the
permanency of dimensions after atmospheric
ageing and of accelerated ageing by the action
of hot air, hot moist air and steam at 100 deg. C.
were examined.
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The form of test-piece particularly in respect
to the radius at the junction of head and
parallel portion is most important. The pieces
having a small radius broke at the shoulder.
It was found that the most suitable form was a
2-in. parallel test length with 1.5-in. radius.

The alloys of the second class, having alu-
minium and copper as hardener, have about
twice the tensile strength of those in which
copper and tin are so employed, together with
what is perhaps of more importance, a useful
measure of ductility and toughness. Variations
in the size and form of gate within reasonable
limits were found not seriously to affect the
strength of the test-pieces, but, as was shown in
the discussion, are of importance in connection
with industrial production. Temperatures of the
metal in the bath did not greatly affect tensile-
strength of test-piece casting, but high tempera-
tures gave rise to surface pinholes.

It was elicited in the discussion that the rela-
tive temperature of the bath and mould is of
importance; with moderately low temperature
in the metal bath and a warm mould good
results are obtained in usual circumstances. The
type of pull leaves much to the skill and dis-
cretion of the operator, who from experience
learns that some castings require a short, sharp
pull and others a sustained and steady follow-
through. Variation in actual composition in the
casting was shown to have been obtained by
manipulation of the lever when casting metal
whilst passing through the long temperature-
range of solidification.

It was found that the aluminium-copper-
hardened alloys are more difficult to cast, requir-
ing a stronger action on the lever, and in this,
commercial manufacture had advanced beyond
the resources at the disposal of research and
had overcome the difficulty. The influence of
the external surface which is chilled is very
great on the strength and hardness of the cast-
ing. Machining away the surface alters the
conditions in a serious manner.
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Permanence of Zinc Base Die Castings.

It was shown that the prejudice against
aluminium-copper-zinc alloys, which formerly
existed, is not justified in the high-grade alloys
now being produced, and that so far as can be
authoritatively determined there is little dif-
ference between the two types of alloy under
examination. It was further pointed out that
a copper-tin-zinc alloy casting of a difficult
design had been in use as a component of a
commercial instrument for seven years, and

Tabie |I.—Composition of Alloys under Investigation.
Zinc Base.
Alloy. - Den-
Mark Cu Sn Al Ni Pb Mg Cd G
6 RM 3.17 567 041 _ _ _ __ 7.148
7RM 3.16 7.40 036 — — — — 7.143
8RM 372 973 098 — — — — 17.085
9RM 3.071383 044 — — — — 17.070
10RM 3.112231 029 — — — — 7.202
1 1.2 9.7 0.98
12 1.06 8.35 037 1.09 — — — 7131
13 3.66 9.65 086 — — — 097 7.128
14 272 — 395 — — — — 6.77
14B  3.07 0.28 4.64 — — — 6.73
15 514 — 416 — — — — 6.85
16 702 — 402 — — — — 6.905
17 303 — 387 — 080 — — 6.78
17AC 304 — 344 —075% — — —
2AE 302 — 407 — — 0095 — —
2AH 294 — 402 - _—_ 0107 — —

although required to he accurate to 0.001 in.
was found to be not sensibly altered in dimension
or form.

It is found that porous castings are more
liable to dimensional change than sound castings.
The rate of growth depends primarily on the
condition of the casting—namely, its size and
shape, its mass per unit of surface, its porosity,
crystalline size, etc.; whilst the effect of com-
position alone is (within fairly wide limits) com-
paratively small. It is considered that the
presence of certain impurities adversely affects



the permanence of die castings in these alloys
in addition to increasing the difficulty in the
actual casting operation.

The second class of die castings, the aluminium
alloys, so ably investigated by Archbutt
and his co-workers, is of increasing interest.
In the investigation gravity-feed was employed
throughout, but here again commercial prac-
tice under scientific guidance is racing ahead
of research reports, and pressure-feed is being
employed with striking success. Naturally there
is much to learn; unexpected difficulties arise;
extended experience in tool and machine design
as well as manipulation is demanded.

Five alloys were employed in the National
Physical Laboratory investigation; the object
was twofold. First to examine the properties
of the products and determine the best method
of production. Second to explore the phenome-
non of hot-shortness, which is the ever-present
cause of anxiety in production. The alloys were
4 per cent, copper, 8 per cent, copper, 12 per
cent, silicon, 4 per cent, copper plus 3 per cent,
silicon, and Y-alloy (copper 4 per cent, nickel

2 per cent.,, magnesium 1.5 per cent.). 0
types of casting have been investigated: a
shouldered test-piece of circular section suigaQle
for testing direct without machining; a

hollow tubular casting, requiring use of cores in
moulding, and incorporating flanges and changes
of section, features which cause difficulties in
casting. Design and treatment of moulds, and
conditions of working in respect to mould-tem-
peratures, pouring, stripping, etc., and the effect
of the different alloy compositions on these are
described, together with the testing and proper-
ties of the castings obtained. To overcome de-
fects due to air-locks, shrinkage, sticking of
cores, etc., very careful control of the working
conditions was necessary, including metal and
mould temperatures, rate of pouring, interval
between filling the mould and operations of
drawing cores, opening the mould and stripping.

By means of a practised team of workers these
operations were carried out with the degree of
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accuracy needed, and considerable success was
thus obtained. Satisfactory castings were pro-
duced in the tubular form from all the alloys
studied. With the test-piece form castings of
satisfactory mechanical strength were obtained
in “Y "-alloy, 12 per cent, silicon and 4 per
cent, copper, plus 3 per cent, silicon, but less
satisfactory results were obtained with the binary
copper-aluminium alloys owing to hot-shortness.

The moulds were of grey cast iron annealed,
and the cores from wrought 3-per-cent, nickel

TdhlV.—Mechanical Properties of Die-cast Test-
Pieces. Tested direct Without Machining.

M.S. E.
Condition. Tons per Per cent,
sg. in.  on 2in.

Large Test-Piec e.

oy / As cast 14-14.5 1.5-2

Y alloy .\ Yeat-treated .. 17-17.5 2
Si 12 per cent. Modified 13-13.5 10
Cu 4 per cent, Si / As cast 9.5-10 1.5-2
3 per cent. \ Heat-treated .. 14-5 2

Small Test-Piec e.*

“\ o f As cast 14-14.5 1.5

Y " alloy .. \ Heat-treated .. 18-19 2
Si 12 per cent... Modified 13.5-14 10
Cu8percent. .. As cast 9-10.5 3"
Cu 4 per cent. Si / As cast 9.5-10 4-5
3 per oent. \ Heat-treated .. 14.5 3

* Elongation measured on 1-in. gauge length.

steel. Morgan crucibles were used. Pyrometric
control was employed and every precaution was
taken to ensure uniform conditions, and a de-
gree of scientific accuracy observed so that any
part of the experiment may be repeated under
similar conditions, a feature which is so valu-
able and which is a characteristic of the work of
the Metallurgical Department of the N.P.L.
The moulds were dressed with either:—(a)
Whiting 13bs., plumbago 1 Ib. and water
galls.; or @Whiting 11 Ibs., water-glass 18 fluid
0zs. and water 4J galls. The cores were dressed
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withPlumbago 8| Ibs.,, commercial rouge
2+ Ibs. and water 4” galls. The rate of pouring
the metal was determined by trial. Over-rapid
pouring causes air-locks, whilst too slow pouring
causes incomplete filling, cold shuts, bad skin
and flow marks. The results of test-pieces are
set out in Table V.

These should be compared with results from
1-in. chill-cast bars.

The test-bars were cast in form, thus avoiding
subsequent machining; all went well excepting
the two binary alloys of aluminium and copper.
These were weak, or hot short, and, due to con-
traction on solidification, suffered before they
could be stripped (see Fig. 1). The typical cast-

TEtb\l—Comparative Tensile Properties of the Alu-
minium Alloys Investigated, in the Form of 1-in. diam.
Chill-cast Bars.

M.S. E.

Alloy. Tons per Per cent,

sq. in. on 2 in.
Cu 4 per cent., Si 3 per cent. .. 12 5
“Y malloy 14 2
“Y " alloy (heat-treated) 20 5
Cu 4 per cent. 10 12
Cu 4 per cent, (heat-treated) 16 22
Cu 8 per cent. 10 4
Si 12 per cent, (modified) 14 Vi

ing was well chosen; it gave excellent compara-
tive results and introduced many of the diffi-
culties which occur in commercial or works prac-
tice. It is certain that the team of skilled
workers who prepared the specimens appreciate
the troubles of the works production man very
thoroughly.

Tubular Castings.- The general form of cast-
iron mould is shown in the illustration Fig. 2.
Alter experimental work a set of conditions was
reached which enabled the operators to over-
come such difficulties as incomplete filling of the
mould, sticking of cores, air-locks, cracking and
breaking and internal and external shrinking.
To effect this it was found necessary to regulate :



280

(1) Temperature of the mould; (2) temperature
of the metal on pouring; (3) time taken to fill
the mould; (4) period of waiting, if any, before
drawing cores after solidification had occurred ;

Fig. 1.

and (5) period of waiting, if any, before final
stripping.

The Y-alloy gave less trouble than the others,
as it was less hot-short and gave a greater lati-
tude as regards temperature limits. The 12-per-



281

cent, silicon alloy is relatively tough at high
temperatures, but is subject to localised
shrinkage.

Figs. 3, 4, 5, 6 and 7 illustrate the difficulties
encountered in the production of the tubular
casting. The tests carried out on these castings
were:—(1) Tensile tests; (2) density measure-
ments; (3) microscopic and visual examination
of sections; and (4) porosity tests with water
and with petrol under pressure. The results of
tensile testing are set out in Table VI :—

TabVI.— Mechanical Properties of Tubular Castings.

M.S. B.
Alloy. Tons per Per cent.
sg. in. on 0.44 in.
“Y ™ (as cast) 13.2 3.5
*Y " (heat-treated) 15.0 3
Cu 4 per cent, (as cast) 10.0 10
Cu 8 per cent.. 125 6
Si 12 per cent. 11.6 7
(modified)
Si 12 per cent. 10.6

(unmodified)
Cu 4 per cent., Si 3 per
cent. 10.7 2

The 12-per-cent, silicon and the copper-silicon
alloys yielded sound castings with good density
values and an absence of cavities. All the cast-
ings were subjected to a hydraulic pressure test,
up to 1,000 lIbs. per sqg. in., for 30 mins. All
withstood this test without leaking. Mr. H. J.
Lavender also permitted at his works a special
test of all these castings (with the exception of
the copper-silicon alloy) with petrol at 30 Ibs.
per sg. in. The 4-per-cent, copper alloy revealed
a fine crack; the others passed successfully.

Copper Rich Alloys.

The investigation by Genders, Reader and
Foster into the die casting of copper-rich alloys,
dealt with a large range of alloys which had
either been in actual industrial use, or, from
their known properties, offered a promising field
for selection of material for this work. The



selection of mould material was also investigated
with great care. It was shown that low carbon
and general engineering steels were rapidly
attacked. High-carbon and heat-resisting steels
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withstood the action of the molten metal, both
still and in rapid motion, fairly well, but the
highest-grade alloy-steels were required for severe
service. Cast iron in contact with aluminium-
bronze is required to be low in phosphorus.
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The alloys used in the very large series of
tests were :(—A series of chill-cast test-bars was
prepared under varied conditions and their
mechanical properties closely investigated and

Fig. 4.

compared with die-cast test-pieces, both fiat and
round.

The chill castings were:—() Aluminium-
bronzes with added iron; (b) aluminium-bronzes
with added nickel and with nickel and iron;
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(c) aluminium-bronzes containing manganese
and manganese and iron; (d) complex aluminium
bronzes; (e) brasses with added iron; (f) brasses
containing nickel; (g) high-tensile brasses; and
(h) niekel-brasses with added aluminium.
These were cast at about 150 deg. C. above
the liquidus of the alloy into a cast-iron stick-
mould giving a casting of about 1 in. dia., 8 in.
long, with a taper of 0.1 in. The die-cast test-
pieces were made so that a round and a flat
test-piece were attached; one end was elongated
in each case, which enabled a piece to be cut
off for other tests. These were :—(1) Aluminium-

Fig. 5.

bronze ; (2) aluminium-bronze, with varying per-
centages of iron; (3) aluminium-bronze contain-
ing 2 per cent, of lead; (4) aluminium-bronze
containing 7.5 per cent, of nickel; (5) aluminium-
bronze containing iron and manganese; (6) high-
tensile brass (copper 58, zinc 35, aluminium 3,
manganese 4 per cent.); and (7) aluminium-
nickel-zinc-copper alloy.

All of these alloys were also used in the pre-
paration of die castings using moulds of various
design as in commercial practice. The alloys
containing zinc showed less *“ fluidity ” than
those based on “ aluminium-bronze,” and con-
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sequently required in some moulds a runner of
larger cross-section.

The results of the exploratory work suggest
that a large range of useful alloys is available
for adaptation to die-casting manufacture, ful-
filling requirements for materials either of low
strength or high ductility. The alloy contain-
ing 1.5 per cent, of aluminium with iron and

Fig. 6.

manganese was observed to give particularly
good surface-quality.

The effect of added iron up to about 4 per
cent, on “ aluminium-bronze ” is to increase the
maximum proof-stréss and tensile-strength of
the die-cast alloy. Nickel added to the extent
of about 10 per cent, raises the maximum proof-
stress to a greater extent, but is accompanied
by a marked lowering of the ductility. The
addition of iron and nickel together to 12-per-
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cent. aluminium-bronze ° produces a strong
alloy having a tensile strength of about 50 tons
sq. in; this type of alloy was the only one
tested showing" distinct liability to cracking in
the double test-pieee mould. The total shrink-
age of this alloy (about 2.4 per cent.) is greater
than that of all the remaining types tested
(*“ aluminium-bronze ” about 2 per cent., high-
tensile brass about 1.9 per cent.), and its utility
would probably be limited to castings of simple
form. * Aluminium-bronze ” is weakened
slightly by the addition of lead, which also
appears to introduce small surface defects. The
high-tensile brass included in the tests showed
mechanical qualities as high as those of the alloys
related to * aluminium-bronze.” The nickel-
brass (Cu-Zn-Ni alloy), containing aluminium,
gave a high ratio of proof-stress to breaking
load. The machining qualities of the alloys have
not been considered in detail, but none of the
castings made gave any great difficulty in turn-
ing or sawing. The aluminium-bronze ” con-
taining lead appeared slightly easier to machine
than the other alloys.

Many tests on brasses, 70 Cu: 30 Zn;
60 Cu: 40 Zn; and 55 Cu: 45 Zn; each with
added aluminium, were made with both 60 per
cent, copper and 70 per cent, copper alloys
with about 4.0 per cent, of aluminium replacing
a corresponding amount of zinc, about 40 tons
maximum load is obtained. Some comparative
results of tests of die-cast test-pieces are given
in Table VII.

The results of these investigations, which were
carried out with all the care and precision of
highly-trained workers in the best scientific con-
ditions possible, confirm the author’s personal
experience obtained in practice. He finds that
when a new die is put into operation that there
is almost invariably a period of trial whilst
small corrections are made, adjustments of gates
and vent effected, before the most skilful workers
are able to produce regularly and continuously
satisfactory eastings. As regards aluminium
alloy, he is fairly convinced that if satisfactory
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castings cannot be produced under commercial
manufacturing conditions in 12-per-cent, silicon
alloy, they cannot be produced at all, for as a
general rule they are less liable to “ hot-short-
ness ” ; they are easier to cast, have good tensile
strength, generally greater elongation and im-
pact values, and are more resistant to corrosion.

Capt. Mortimer compares aluminium-alloy die-
castings produced by pressure and gravity
methods. In his opinion gravity castings will
always have superior mechanical properties to
those cast under pressure. This view is based
upon the argument that in gravity die castings

Fig. 7.

the flexibility of the pouring-rate enables the
crystalline shrinkage to be taken up by the auto-
matic feeding from the molten layer above. In
pressuie die castings the metal is shot into the
mould and the shell in contact with the walls
of the die solidifies instantly, leaving a space
between two thin castings which sets to an open
porous structure within a beautifully finished
exterior.

From this it would appear that (a) gravity
die castings are preferable when the mechanical
properties of the finished casting are the chief
consideration and (b) pressure die castings are to
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be preferred where accuracy of dimension and
the elimination of machining are of first im-
portance.

In spite of these conclusions, with which one
is bound to agree in some measure, the very
marked success achieved by the author’s works
in the production of die castings in air-pressure
machines makes one feel that there is little to
be desired as to soundness of castings when
prepared under the best conditions. Much in-
dustrial research has been done to overcome all
the difficulties by the Doehler Die Casting Com-
pany in the U.S.A., by some firms on the Con-
tinent, and by the author’s colleagues in Fry’s
Metal Foundries, Limited.

-E:ﬂEvm:

M.S. E. e
Impact. Specifi-
Tons per  Per cent, -
sq. in. in 2in. Ft.-1bs. cation.
3L.11.. 9-1H 3-4 1.2-1.6 2.87
2L.5 .. 11-15 3-9 2.5-3.0 3.01
11 per
cent.
Si
mod. 13-14 10-15 6-8 2.66

Air-pressure machines are also employed with
the most gratifying results with zinc-base alloys,
especially those of the copper-aluminium-
hardened series, which possess high tensile
strength with good elongation. Some general
working data for aluminium pressure die cast-
ings is given by the Doehler Company as under:
Maximum weight, 5 Ibs.; maximum limits for
wall thickness, ~ in. for small castings and
a in. for large castings; variations from drawing
dimensions, 0.0025 in. per in. of length or
diameter; holes, 0.093 in. minimum diameter and
not deeper than 1 in. (smaller holes may be
“ spotted ”); draft, cores 0.075 in. in length or
diameter; and side walls 0.005 in. These rules
are good for general design purposes, but tbn
limits may be improved upon in certain cases.

I
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It is largely due to the work of Dr. A. G. C.
Gwyer, Chief Metallurgist of the British Alu-
minium Company, that the aluminium-silicon
alloys have been developed so rapidly. He has,
together with other eminent workers in this
country and in Germany and America, studied
with great persistence the phenomenon known as
N modification.” It was found that the addition
of certain elements, particularly sodium and some
of its compounds, to aluminium-silicon alloys
when in the molten condition caused a very
marked change in the crystalline structure of
the metal.

It was also found that this modification was
accompanied by greatly improved physical pro-
perties, to a limited extent in the tensile
strength, but more particularly in the elongation
and resistance of shock. These phenomena
belong to the realm of physical metallurgy, and
it is suggested that members who are keen to
follow up the theoretical consideration of the
subject should study Dr. Gwyer’s Paper.*
Dr. Gwyer’s work emphasises the value of the
most advanced theoretical research in relation to
its application to industry.

The comparison between the modified 11-per-
cent. silicon alloys and the well-known industrial
alloys 3 L.Il and 2 L.5 as to physical properties
is shown in Table VIII.

It will be noticed that the Izod impact-figure
shows a very marked improvement. The total
linear contraction is about the same in each of
these alloys, but the crystallisation shrinkage is
much less in the modified alloy. It is easier to
make good castings as it fills the moulds. It is
not hot-short to such an extent; it is, therefore,
easier to remove from the mould. It is less cor-
rodible than most unmodified aluminium alloys.

Much excellent work has been done with
regard to these alloys by the Light Alloys Com-
pany, Limited. Mr. Deeley’s valuable Paperf
on Alpax, did much to inform industry as to

*“ Journal, Inst, of Metals,” Vol. XXXV1.
t Proceedings, Inst, of British Foundrymen, Vol. XXII.
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the value of this process in the case of die cast-
ings as well as ordinary sand castings.

Magnesium Alloys—Two or three years ago,
Mr. W. R. D. Jones presented an important
Paper to the Royal Aeronautical Society on
“ Magnesium and its Alloys.” In it he com-
pared the physical and mechanical properties of
these alloys with those of aluminium and also
a number of other metals. The special attrac-
tions are the low. density and the high specific
heat, also the relatively high conductivity of
heat and electricity. Magnesium is considerably
lighter than aluminium; it is 1.74 as compared
with 2.7, whilst the melting points are almost
identical —651 deg. C. and 658.7 deg. C. respec-
tively.

Magnesium in the cast state is stronger than
aluminium, but an important proposal of
Rosenliain and Archbutt to consider the “ spe-
cific tenacity ” obtained by dividing the tensile
strength in tons per sqg. in. by the weight in
pounds per cub. in. gave magnesium a much
higher value than aluminium.

Mr. E. Player, of Coventry, recently reviewed
at a joint meeting of Metallurgical Societies at
Birmingham the properties of magnesium cast-
ings. He stated that by pressure die casting
these alloys can be produced in fine sections.
The strength of castings in magnesium alloys
is increased by forging. It is claimed that the
physical properties are greatly improved by the
addition of calcium. Chill castings thus modi-
fied by the process invented by M. G. Michael
are said to have lost the characteristic coarse
grain and to have assumed a so-called fibrous
condition. In this state both thermal and elec-
trical conductivity are said to be enhanced. The
metal treated by this process by the Maxium
Company is used for pistons with great success

The well-known alloy, elektron, used largely
by Germany during the war for aircraft, con-
tained from 5 to 6 per cent, zinc, together with
small proportions of copper, aluminium and iron,
gave good chill castings, having a tensile strength
of 12 to 14 tons per sq. in. ; it forged and pressed

12



well, and was capable of heat treatment. Mag-
nesium with 6 per cent, of aluminium is found
to be a good useful alloy. Casting and machin-
ing magnesium and its alloys are attended with
many workshop difficulties; not the least is the
inflammability of the turnings and fine cuttings
of the metal. Elektron car and trolley wheels
are largely used in Germany.

The circumstances connected with the produc-
tion of die castings are such that the industry
never came into the hands of the orthodox
foundryman as a part of his regular practice.
It may in view of this fact be well to consider
for a moment the type of labour engaged.

Die Design.—This work is the most important
of all, as engineering draughtsmen of great
ingenuity and experience are needed. They
must possess imagination as well as knowledge
of properties and behaviour of the metals whilst
in the fluid and transitional stages to complete
solidification. They must be adaptable and have
the knack of interpreting the ideas of the cus-
tomer who sometimes asks for an article which
is either impracticable or at least uneconomic.

Next is the die-maker, who must be a high-
class fitter and machinist, who must be able to
make adjustments in difficult conditions, and to
anticipate, as well as to overcome, “ snags ” in
production.

Finally the casters. It is a mistake to
imagine that tools and machines can be made so
fool-proof that any unskilled or casual operator
can produce good, sound castings at an economic
rate. A capable and experienced caster is a
valuable man.

The metallurgist has not been mentioned, but
it is worthy of note that the men in charge of
all  successful die-casting establishments are
highly-trained metallurgists with a good know-
ledge of engineering practice or engineers with
a sound knowledge of metallurgy. In such cases
a full use and appreciation of the laboratory
follows inevitably.

It is with a feeling of great gratification that
the author is able to report that his company,
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Messrs. Fry’s, recently acquired a new process
in the manufacture of die-castings in yellow
metals, which promises to revolutionise this
section of the industry. At the moment of
writing it is not possible to give intimate details,
but it is anticipated that specimens will be
shown at the meeting and that particulars of
the principle and methods will be available. The
improvements and modifications have passed far
beyond the experimental stage, and the results
in actual manufacturing conditions are over-
whelmingly satisfactory.

DISCUSSION.

Mr. A H. hyin presenting his Paper,
took the opportunity, as an old friend and
comrade, to congratulate Mr. Lambert upon
having attained the position of President of the
International Foundrymen’s Congress and of the
Institute of British Foundrymen, and also upon
having been awarded the Oliver Stubbs Medal.
It was a very great pleasure, he said, to find
old friends and colleagues so honoured by those
with whom they had worked, and who were best
able to assess their value. Mr. Lambert had
attained the respect of his colleagues in very
full measure.

Special Steel Pots Used.
- A commenting on Mr.

Mundey’s reference to the solubility of
aluminium in cast iron, asked whether, in view
of that, cast-iron pots were not used for
aluminium pressure die casting, or whether
spﬁl cast-iron pots were used?

. replied that for pressure die cast-
ing he used pots made of steel of a very special
character, and not cast iron.

Relative Costs.

M’. I'hTS/M.’H; discussing the pressure

machine for die casting of aluminium bronze,
said he had tried the use of aluminium bronze
gravity-fed die castings for the making of ball
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race cages, brush holders for electrical machinery,
and products of that kind, and had found that
sand castings coupled with facilities for cheap
machining were cheaper than gravity-fed die
castings. The u sand cast ” job had not so good
a skin nor was it as true to size as the one which
had been die cast, but the slow method of pro-
duction of the latter outweighed these
advantages.

He further added that where a job could be
sand-cast with a number of patterns mounted on
a plate, and the castings afterwards tooled on
automatic chucking lathes, the final cost of pro-
duction was lower than that of gravity-fed die
casting.

A New Die-Casting Process.

M". M.“jysaid that at present there were
no machines in this country for the making of
die castings by the new process referred to in
the Paper, hut he was awaiting delivery of the
first machine. Mr. Pechal and himself had
inspected the new process in December, 1928,
and had been negotiating ever since; the process
had been modified just a little, and his Company
had acquired the British Empire rights. It
would be before the public in a very short time,
and he regretted that he was not yet able to
invite those attending the Congress to see the
process.

Mechanical Properties of Die Castings.

. referred to the efforts that
had been made to improve the mechanical pro-
perties of die castings. At first, he said, die
castings had a really large sale. The zinc-base
alloy die castings produced under pressure had
a beautiful finish, but their physical properties
were not all that could be desired; they were
brittle. Great improvements were effected in
the zinc-base alloy die castings, so that they
were less brittle, but from the point of view of
mechanical properties they were nothing special.
A long time had elapsed before the foundry had
been able to produce pressure die castings in



295

aluminium, applying the pressure by means of
air instead of by plunger, and that represented
a great advance; there was a great difference
between the properties of the zinc-base and
aluminium-base alloy die castings. To obtain
castings with higher physical properties, however,
it had been necessary to produce the aluminium-
bronze or aluminium-brass gravity die castings,
which had definitely good physical properties,
but with gravity die casting one could not get the
precision in finish that was desired. If one were
able, by the new process, to produce, under
pressure, die castings in alloys of the vyellow
aluminium-bronze type with high physical pro-
perties and first rate finish, it would appear that
the foundry had made another great advance.

Another New Process.

The P resident said he had had the advantage
of visiting Germany a few weeks ago, and had
seen in operation there a plant for the manu-
facture of yellow metal die castings, the machine
used being, to his mind, unique. A rectangular
box, made of special steel, was suspended over
the molten brass or yellow metal, the metal being
contained in an ordinary plumbago pot. The
rectangular box was lowered into the vyellow
metal and filled itself by gravity. The box was
then lifted out by means of a lever arrangement
and was swung over and clamped between two
plates, one of which formed the orifice into the
mould, the other being a blank plate. Air was
applied to the rectangular box containing the
molten metal, and by that means the metal was
forced into the mould. He thought the
apparatus was rather novel in its conception.
He was given to understand that the contrivance
was giving satisfaction, but he was told that
there had not been a very great demand up to
that time for pressure die castings in yellow
metal as compared to the demand for gravity-
poured yellow metal die castings.

Mr. Mundey Said he had heard of the process
described by the President. There had always
been a temptation to adopt the vacuum method,



by which the mould was exhausted and allowed
to fill automatically. It was very difficult, how-
ever; the filling must be very good, and must
he continuous.

The Pkesident suggested that Mr. Mundey
might have emphasised a little more than he
had done the necessity for constructing the die
so that the air was allowed to escape from it.
One of the great difficulties in die casting was
to get rid of the air in the die, unless the die
was properly constructed, but the difficulty had
been overcome to a large extent. He mentioned
this matter for the information of those who
had broken up die castings, and were not
enamoured of them because of the presence of
one or two holes.

On the motion of the President, seconded by
Mr. Simm, a hearty vote of thanks was accorded
Mr. Mundey for his Paper.
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CRYSTALLINE GRAINS IN CASTINGS.

By Dr. Ing. A. Glazunov

Restgo Rt oaen

According to Tammann, a crystallite is a
crystal lacking in erystallographically-oriented
boundary-surfaces—that is, without any definite
crystallographie shape, the so-called allotrio-
morphic crystal, or ordinarily polyhedral grains.
According to Sauvenr, who expresses the
American view as to the conception of crystallite,
it is a crystalline group or an aggregate of
allotriomorphic crystals under the condition, that
they represent a definite complex, which may
be described as “ Dendrite,” “ Star,” “ Crystal-
line Grain,” and so on.

As is evident, these two opinions as to the
conception of crystallite are totally different.
The view of Tammann, identifying the concep-
tions of crystallite and of allotriomorphic
crystal, makes the denomination of crystallite
superfluous, and the definition of Sauveur is very
indistinct. In Europe Sauveur’s definition of
crystallite has spread very restrictedly, whereas
the opinion of Tammann has asserted itself.

The crystalline grains, of which normally a
pure substance, obtained by melting, is con-
stituted, are homogeneous, which fact may be
concluded according to the reflection of the light
from the polished and etched surface of
specimens. Every grain will have its colour—
white, black or grey (which is dependent on the
direction of its optical axes in comparison with
the direction of the optic rays); but the whole
grain will always be of one colour.

In Fig. 1 there is shown a microphotograph
of pure iron; in Fig. 2, that of pure lead, and in
Fig. 3, pure copper. As one may see from these
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microphotographs, the crystalline grains, of
which normally pure metal is constituted, are

homogeneous and polyhedral.  This had led to
the fact that conceptions of * crystallite,”
“ allotriomorphic crystal ” and “ crystalline

grain ” have become synonymous so far as metals
are concerned. Yet observing the macro as well

g WG IR

as the microstructures of some metals under
special conditions of crystallisation—for instance,
the crystallisation of zinc on the surface of iron,
as in galvanised sheet (Fig. 4), or the crystallisa-
tion on the surface of a pure antimony casting
(Fig. 5), there is to be seen a so-called “ star-
like ” structure, in which the metal-grain is not
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homogeneous, but represents a considerably large
quantity (complex) of crystals, grown out from
one crystallisation centre. In Figs. 4 and 5
there are clearly shown the physical hetero-
geneity of the individual star-like grains and
the homogeneity of the particular rays.

A similar structure may be also observed in
the solidification of pure substances, crystallised
in thin layers between two glass-plates, Fig. 6.
Here one sees not only a star-like structure, but

Fig. 2.— Microphotograph of Pure Lead.
(Institute of Theoretical Metallurgy,
Pribram SCNOOU of Mines.)

also a ray-like structure. Such structures
are often obtained in the crystallisation of pure
substances. If there is a crystallised substance,
giving a solid solution, or if a pure substance
has been crystallised from some solvent
(selective solidification by eutectics), then in-
dependently of the conditions of the crystallisa-
tion, one may obtain either idiomorphic
crystals, or dendrites, or also, as was in the case
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in the crystallisation of pure substances, star-
like grains or allotriomorphic grains.

Elementary Desiderata.

W hat can one definitely postulate as a crystal-
lite? And to which group should one leave
Sauveur’s definition of “ group of crystals,”
and where should one make use, according to
Tammann, of the classification of  crystallite
and “ allotriomorphic crystal ” as synonymous

Fig. 3.—Microphotograph of Pure Copper.
From “ The M etallography and Heat
Treatment of Iron and Steel,” by
A. sauveur.

terms? Is not the allotriomorphic crystal only
one of the possible variants of crystallite? In
order to be able to give reasons for one of these
views as to the conception of crystallite, it is
proposed to study successively the process of the
formation of a crystal in the crystallisation of a
pure substance, as well as in crystallisation from
solutions. Normally, as is well known, the
process of solidification takes place under the
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influence of two factors, which have their indi-
vidual values for every substance. These factors
are GK and KZ, this is, the linear crystallisa-
tion velqgcity (Kristallisatiosgeschwindigkeit) and
the number of crystallisation centres (nuclei)
forming in the course of one unit of time in the
unit of volume (Kernzahl’s nucleus-number).

The crystallisation velocity is ordinarily indi-
cated in millimetres per minute, and the number
of formed crystallisation-centres per cm3 and
minute. It is self-evident that for various
crystallographic-axes of crystals there also may
be wvarious values for KG wunder the same
external conditions. Both these factors KG and
KZ are dependent on supercooling and their
inter-relationship depends on the size of the
crystalline grains, and not on their shape, as will
be shown later. It is clear that the fewer the
crystallisation centres formed in the course of
one minute, and the higher the linear crystallisa-
tion velocity, the larger the size of the grains,
and inversely. In other words, the size of the
final grains is directly proportional to the linear
velocity of crystallisation and, contrarily,
proportional to the number of crystallisation
centres. The relation between the supercooling
temperature, between the number of crystallisa-
tion centres and the linear crystallisation
velocity (according to Tammann) can be
expressed as in the diagram (Fig. 7).

Crystallisation of a Pure Substance.

Dependent on the fact how far the super-
cooling was carried, and on whether the maxima
of the crystallisation centres and of the linear
crystallisation velocity are lying in the same
region, one obtains a fine-grained or a coarse-
grained structure, or even glass-like structure.
In metals no one has yet succeeded in obtaining
this last type of structure. The question of the
rationale of crystallisation, after the formation
of a crystalline centre of a pure substance, has
not yet been definitely solved. Arising from this
are the following queries:
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(1) Whether the process spreads itself equally,
that is, with the formation of spherolite, or
whether the action proceeds according to a de-
finite orientation, in accordance with the crystal-
lographic system of the substance; (2) whether
the product grown from one crystallisation centre
will be physically homogeneous, that is, mono-
crystalline or physically heterogeneous, or poly-
crystalline P

In fact, in crystallisation processes there has
been observed in a series of substances, in addi-
tion to the formation, of well defined crystals
(for instance, during the solidification of sulphur
after the formation of a crust has taken place
on the surface, this crust being broken and the
rest of the still liquid sulphur poured out, one
finds internally well defined acicular crystals,
representing the formation of spherolites), for
example in the crystallisation of organic sub-
stances, of some minerals, or in the recrystallisa-
tion of glass, etc. As to metals, the question of
the formation of metal grains remains unsolved.

Tammann explains the formation of these
spherolites through the influence of surface
tension in the process of crystallisation, that is,
through the relation of the surface tension a to
the crystallisation forces. The author has trans-
lated * Festigkeitskrafte ” as “ crystallisation
forces,” because he is of opinion that the literal
translation forces of strength would not be clear.
By this term one would understand forces main-
taining the crystallographic form of the crystal.
If a is higher than /, that is, if the surface
tension is higher than the crystallisation forces,
spherolites are obtained. On the other hand, if
a is lower than /, a crystal is obtained with
regularly-defined surfaces. If the number of
crystallisation centres is small, and the
crystallisation velocity relatively high (im-
mediately below the freezing point) one may
obtain the crystallisation of a larger quantity of
substance in the form of one crystal. Tammann,
in supercooling to 0.1—0.3 deg., definitely
obtained, when crystallising organic substances
in glass tubes, crystalline cylinders, filling the
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whole volume and equally orientated in each of
their parts, that is, each of them constituted
one crystal. Czochralski also obtained in his ex-

Fig. 4.— M acrophotografh of the Surface
of Galvanised lron Sheet. (Institute
of Theoretical Metallurgy, P ribram
School of Mines.)

periments with the crystallisation of metals
large allotriomorphic crystals. All these experi-
ments show that in the crystallisation of pure
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substances one may obtain spheroidal, as well as
regularly crystallised substances, yet thereby the
qguestion is not answered as to how the process is
operating in metals practically.

Crystallisation in a Block of Pure Metal.

In the normal process of crystallisation in a
metal block, owing to the more rapid cooling of
the outer walls, the first nuclei are formed on
the face of the block in considerable quantities,
almost contiguously. Consequently, the crystals
grow inwards, that is to say, at right angles
to the walls of the block, and only in a slight
degree in a vertical direction in regard to the
latter, because the crystals, formed from
various nuclei, lying on the same surface, will
impede this growth. The result of such a
crystallisation  will be columnar crystals,
schematically represented in Fig. 8.

When this primary period of crystallisation has
proceeded so far that the thermal influence of
the surrounding space almost disappears, that is,
when the temperature of the remaining liquid is
everywhere the same, there begins the formation
of nuclei regularly disseminated throughout
all the liquid phase; the growth of the crystals
will continue according to Fig. O. The
crystallisation units formed here are of a poly-
hedral shape. As a final result of the solidifica-
tion, taking its course according to this scheme,
one obtains a structure constituted of a series
of columnal crystals running from the walls and
closely touching one another with their long
surfaces, with their needle-shaped tops directed
towards the interior of the casting, and a large
quantity of polyhedral crystalline grains filling
the interior of the block. Such a structure is
shown in Fig. 10, representing the crystallisation
of a block of brass.

It is true that brass is not a pure substance,
yet because the block, designed in accordance
with its composition is lying within the limits of
a solid solution, that one does not see the
results of liquidation, one may use this macro-
graph as a suitable example, because both kinds
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of crystalline grains—columnar and polyhedral
grains—are homogeneous. In this case there
is a similar structure, as is normally the case
with pure metals, with the exception that the
size of the polyhedrons is larger. %What is the
origin of these homogeneous grains? According
to Desch, these grains are produced from the
original dendrites, whereby every dendrite grows
one grain, and from one nucleus one dendrite is
formed. The scheme of producing grains,
according to Desch, is shown in Fig. 11.

Tschernoff also is of a similar opinion, his views
as to the formation of columnarcrystalline grains
being shown in Fig. 12. Many other authorities
have analogous views, Sauveur’s, for instance,
being set out in Fig. 13.

Rosenhain, Tammann and Oberhoffer, whose
opinions, it is thought, are shared by most metal-
lurgists, have outlined the further development
of the dendritic theory. They postulate that in
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the nucleus the elementary crystals are con-
stituted according to their crystallographic axes,
that is, in the formation of the grain there is
always one properly oriented crystal, whilst
its final form may be optional. However, all of
the limiting lines will arrange themselves
reciprocally according to definite angles as
defined by crystallographic laws.

Tammann supposes that crystallisation, pro-
ceeding from the nucleus, may continue
spherolitically, or by the deposition of crystals
according to the crystallographic axes. For
metals, on the basis of the homogeneity of the
grains, Tammann considers the second process
only possible. Under special conditions (for
instance, on the surface of a casting) Oberhoffer
also admits a dendritic origin of the grains.
The scheme for the formation of grains, accord-
ing to Rosenhain, is shown in Fig. 14, and the
grains, constituted in this way (according to
Oberhoffer and Tammann), are shown in Fig. 15.
Rosenhain and Beilby also state the hypothesis
that between the particular grains formed from
various nuclei, there is produced a very fine
layer of amorphous cement, forming the limit-
ing membrane between the grains. This film is
produced on contact, as soon as there is no room
for the formation of primary crystals. This
hypothesis is shown in Fig. 16.

Co-ordination of Data and Views.

All the established data, as well as differences
in opinion, may be summarised into a definite
scheme.

Having observed the crystallisation of organic
substances in thin layers under the microscope,
that is, under the condition that crystallisation
takes place practically on the surface (in a two-
dimensional space), and that the temperature of
the whole sample is the same (this second con-
dition is-also present during the crystallisation
in the inner part of a large mass of metal), the
author found that the structure was always star-
shaped. Consequently, crystals grow symmetric-
ally in all directions, that is, with an equal
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velocity. In other words, the curve, according
to which, at every moment during whicn
crystallisation is proceeding (equilibrium curve
between the crystalline phase and the liquid

phase in which *Fiigz~Fcr will be a circle).
In the three dimensional space one obtains for
Fng~ Fcr a spheric surface, that is a

*Fa, signifies the liquid phase, and F,r signifies the
crystalline phase.
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spheroid, the section of which on the surface (in
the two-dimensional space) will be a circle. The
geometrical centre of this sphere will be the
crystallisation centre. Such a rationale, impeded
in its evolution by rapid quenching, whereby the
remainder of the liquid is quickly crystallised
into small grains (with a high KZ), is shown in
Fig. 17.

Crystallisation, embodying a group of crystals
growing from various nuclei, where a reciprocal
impediment to the normal has developed, is
shown in the microphotograph (Fig. 6). In com-
paring the microphotographs Nos. 1, 2, 3, with

Fig. 7.— Relation between Super-cooling

Temperature KZ—KG.

the microphotograph in Fig. 6, one observes a
considerable similarity, as well as the difference
between them. The shape of the particular
grains in Figs. 1, 2, 3 and 6 is similar.  They
are made up of polyhedral grains, just as in
metal forming the interior of castings, as well as
in organic substances crystallised in a thin layer.
Yet in metal it is noticed that the particular
polyhedral grains are physically homogeneous,
whereas in organic substance (Fig. 6), which
like metal and according to its composition is
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chemically homogeneous, they will be physically
heterogeneous, composed not of one allotrio-
morphic crystal, but of a series of independent
crystals, grown from one nucleus—there is a
spheroidal crystallisation instead of a polyhedral
one (Tammann).

In comparing the resultant heterogeneous
grains with the grains obtained under conditions
of crystallisation embodying like conditions, that
is in thin layers having practically the same tem-

rig. s —CGovih qp Gyalels

perature for the whole surface, it is to be noted
that in metals one also obtains a star-like struc-
ture of the grains constituted from crystals grown
from one nucleus and variously orientated. One
obtains a heterogeneous, crystalline grain. In
Figs. 5 and 6 are-shown for the crystallisation in
thin layers of zinc, or antimony (on the
surface of the casting) in certain grains hetero-
geneous, star-like shapes.
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According to  Tammann, in  spheroidal
crystallisation and in polyhedral crystallisation,
one obtains other boundaries between the par-
ticular grains, and that in the first case there is
an uninterrupted curved surface (the section of
which will be a curve). In the second case, a
plain surface (the section being a straight line),
corresponding to the crystallographic qualities
of the given substance. As shown by comparing
Figs. 1, 2, 3 and Figs. 4, 5, 6, there is not such

Fig. 9.— Columnar Crystals.

a difference. In both cases the boundaries are
of the same kind, and their sections will be
straight lines. Fig. 18 is a micrograph of the
boundaries of three polycrystalline grains in
spheroidal crystallisation.

The relation between the crystal-forming
energy and the surface tension, that is between
/ and a, is, in this case, not of any importance
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for the crystallisation surface, forming the
region of the spheroid, as it is composed of the
front surfaces of a series of crystals growing
from one nucleus. Because the rapidity of the
growth, according to equal crystallographic axes,
under the same conditions in substances of
similar chemical composition is the same, one
must obtain in the crystallisation of some series
of crystals from one centre, during the growth

of the crystals, a spheroid. It is true that some
organic substances observed by the author, as
well as zinc and antimony, do not belong (as
most of metals do) to the cubic system (zinc
crystallising, according to the hexagonal system,
and antimony to the rhomboidal), to which
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adherence is always assumed in explaining
dendritic crystallisation, yet this has nothing
to do with it. In observing leaded iron-sheet,
one can distinguish on its surface star-shaped,
crystalline grains (resembling those observed in
galvanising iron-sheet), yet normally lead,
belonging to the cubic system, gives homogeneous
allotriomorphic crystals, as do other metals (see
Fig. 2).

Hg 11 igGas

It is not clear why in one case (that is, in
the crystallisation of the surface layer), from one
nucleus, there should grow a series of crystals
in various directions, whilst in a second case
(inside a massive casting) only one crystal
grows, whilst finally, in the case of the regular
system, the growth should only run in three
directions, vertical to one another, or why,
accepting the hypothesis on the deposition of
elementary units, in one case this deposition does
not take place, whereas in the other it does.
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Therefore the following hypothesis is postulated
as to the formation of metal grains (allotrio-
morphic crystals). From one nucleus there
always begins to grow a series of crystals, and
that in all possible directions. From the
nucleus there is always primarily produced a
star-like formation—a physically-heterogeneous
grain—and from this, as the first period of the
crystallisation of pure substances, there will
always be formed a spheroid, composed of a series

of crystals growing radially. Further, indepen-
dently of the conditions under which the crys-
tallisation process is taking place, this hetero-
geneity of grains remains (entirely or partially)

or it disappears. In the latter case from every
grain an allotriomorphic crystal is produced.

Equalisation of Grain Size in Mass.

If this hypothesis is accepted the rendering
homogeneous of crystalline grains would be a
secondary process, which, dependent on external
factors, would not take its course, or it would
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do so only partially, or it would continue up
to the end—that is, up to the absolute rendering
homogeneous of the grain. The essential matter
of this secondary process of the rendering of
grains homogeneous inside the casting, accord-
ing to the hypothesis proposed by the author,
would be as follows:— (1) The growth from one
nucleus of the group of crystals inside the east-
ing takes its course at the melting temperatures
of pure metals (or with very little super-cooling),

Rg 1: —Gan Goth Guar)
that is, at a relatively high temperature; (2)
this process takes its course in a three-dimen-
sional space, so that the shape of the crystallisa-
tion surface (where the equilibrium Fiia~ For is
situated) will be spheric and the crystals just
formed will be entirely isolated from the other
space by means of the crystallisation surface;
(3) in consequence of this fact, the cooling in-
fluence of the surrounding space can influence
only the crystallisation surface : (4) as to the cry-
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stals already formed (reference is being made,
of course, to the period of the process) from the
nucleus up to the crystallisation surface, their
temperature remains, during the whole period of
the process, constant, and protected from losses
(through the influence of the surrounding space)

Fig. 14.—Schemes of the Formation of

Grains (Rosenhain).

by means of the latent melting temperature,
that the crystallisation surface steadily develops;
(5) the individual crystals of the growing grain
are in close contact with one another through
the large crystalline surfaces of the same che-
mical composition, having amongst themselves
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neither amorphous layers, nor even the smallest
quantity of whatever the impurities ordinarily
contained even in very pure metals, because the
remaining liquid will be centrifugally repulsed
by the growing crystals, that is in the direc-
tion of their growth; (6) these thermal con-
ditions should be very favourable for the fusion

Fig. 15— Formation of Crystal Grains
(Oberhoffer and Tammann).

of the individual crystals; it is similar to the
fact that two drops of mercury will immediately
associate when touching one another, of course,
under the condition of a pure surface. The dif-
ference will be in that the mercury endeavours
to decrease the total surface through the forma-
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tion of one spherical drop—that is, it endeavours
to obtain a geometrical shape, having a minimal
surface, whereas metal during crystallisation only
endeavours to increase the crystal, preserving
at the same time its shape; (7) this endeavour

P articular Grains according to the
Hypothesis of R osenhain and
Bailly.
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to fuse together takes place in every system -
every system endeavours to obtain maximum sta-
bility. It tries to decrease its free energy (in
this case, through the decrease of the surface
area, to decrease the surface energy), that is,
to increase its entropy, and (8) independently
of the rapidity of this secondary re-crystallisa-
tion process one can obtain such grains, in which

Fig. 17— Institute of Theoretical Metal-

lurgy, Pribram School of Mines.

the crystallisation units are equally disseminated,
or at least that after etching there may be
observed the principal re-crystallisation axes
(pseudodendrites) whereby sometimes the loca-
tion of the primary nucleus may be defined, but
not always.

In considering that by heating finished cast-
ings for a relatively short time and at a
not too high a temperature (sometimes well be-
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neath the melting point), it is possible to obtain
re-crystallisation—that is, an increase of grains
by the fusing together of the individual poly-
hedrons—the process having to overcome the re-

Fig. 18.— M icrophotograph op Three
Polycrystalline Grains. (Institute
of Theoretical Metallurgy, Pribram
School op Mines.)
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sistance of the tensioned metallic films between
the grains, as well as the impurities accumu-
lated there, whereby the latter become segregated
through this process into relatively large accu-
mulations. Obviously at temperatures near the
melting point and under the condition that the
particular crystals are in mutual contact with
pure surfaces, their rapid fusion is very probable.

Table | details the lowest temperatures at
which re-crystallisation can still take place (that
is, the fusing of various grains, divided from one
another by a layer of amorphous cement, or

Tabte |.—Approximate Lowest Recrystallisation Tem-
perature (Z. Jeffries and RmS. Archer : “ The Science
of Metals ).

Approximate lowest

Metal. Melting re-crystallisation
point. temperature.
Iron 1,528 450
Nickel 1,452 600
Gold e, 1,064 200
Silver 961 200
Copper 1,084 200
Aluminium 658 150
Platinum 1,753 450
Magnesium 650 150
Tantalum approx. 2,950 1,000
Tungsten approx. 3,350 1,200
Molybdenum 2,620 900
Zinc 419 Room temperature.
Cadmium 321 Room temperature.
Lead 327 Less than room
\ temperature.
Tin 232 Less than room x
temperature.

maybe a layer of impurities). This temperature
may be a few hundred, and even a thousand
degrees below the melting point. The depend-
ence of the speed of grain growth on the tem-
perature is shown in Fig. 19. In*temperatures
approximating to the melting point, the size of
the grains (that is, the fusion of various grains)
has increased several times after thirty minutes’
treatment.
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As to crystallisation taking place in thin
layers, or on the surface of the casting, there
is here no longer any protection from the cooling
influence of the surrounding space, as the crys-
tallisation equilibrium Fi,g® F cor takes place
circularly, so that the already formed crystals,
contained inside the circle, are of a much lower
temperature than is the crystallising part.
Owing to the lowered temperature, the re-
crystallisation process (rendering homogeneous)
does not take such an easy course as it does
inside a mass during the crystallisation.

Fig. 19.—Relationship of Grain Growth
to Temperature.

Depending upon (1) the absolute temperature
at which re-crystallisation takes place, (2) on the
capacity of the substance to change at this tem-
perature the orientation of its crystalline units,
(3) on the degree of decrease of temperature and
(4) from the rapidity with which, under these
conditions, the process of rendering the crystals
homogeneous takes place, this is total or partial

u
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(decrease of the number of rays branches owing
to their fusion), or finally none.

The crystallisation process itself, actuating in
the thin layers, or on the surface, would take
the following course:—(1) From the formed
nuclei there begin to grow in different directions
star-like crystals with the same rapidity in all
directions; (2) depending upon the crystallo-
graphic character of the crystal and its definite
angles in reference to its axis there are deposited
crystalline units. The crystal will also grow in
a vertical direction, in reference to its natural
radial direction; (3) the rapidity of this process
can also be different from the rapidity of the basic
axis. KG can be different for every crystallo-
graphic axis; (4) this growth will find a mutual
obstacle in the growth of the adjacent crystal;
(5) if this rapidity resembles (according to the
coefficient value) to the speed of the growth of
the crystal according to the radial axis, there is
obtained a typical, circular, growth; (6) if this
speed were much smaller than the speed of the
radial growth, one would obtain an acicular
structure. Such a structure could be used to
explain the formation of sulphur needles from
liquid, as previously cited; (7) if the capacity
for the rendering homogeneous of the substance,
under these conditions, is considerable, there is
obtained a partial, or even an absolute, elimina-
tion of one sort of crystal by the others—one is
obtaining a star-shaped, cruciform, or even a
pseudodendritic form; and (8) if this capacity of
the substance is low under these conditions, one
obtains a typical star-like structure.

This scheme would explain the origin of various
types of surface grains. An example of a cruci-
form structure is shown in Fig. 20. All possible
types of crystalline grains of pure substance, as
well as their successive transition from one type
into the other are represented by the scheme
(Table I1). A structure, in which, in pure sub-
stances, there can be distinguished within the
grains a dendritic structure, has been termed by
the author “ pseudodendritic,” in contradistinc-
tion to the true dendritic structure (formation
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of a dendritic skeleton in the course of primary
crystallisation), existing in crystallisation from
solutions.

The process of the formation of the structure
in question always takes its course to the right,
as indicated in Table Il, and that being so,
initially there is formed a star-like structure,
which then, independently from the outside
factors, either persists, or changes, and that,
at such a distance to the right, as is admitted

Fig. 20.—A Cross-shaped Structure.
From Das Technische Eisen,” by
P. Oberhofeer.

by the crystallisation conditions. Its homo-
geneity may, under suitable conditions, effect
itself so rapidly, that already during the forma-
tion of star-like crystals, initially there occurs an
absorption of one crystal by the other, so that
still early on in the crystallisation process one
may obtain a unicrystalline composition of the
grain (pseudodendrite in cross-section).

If the crystallisation process takes place from
a solution, or, similarly, from a molten alloy, one

m2
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will always have the possibilities shown in
Table Il1l. The type of Group Il is not dealt
with in this Paper, for in a chemically stable com-
bination there will not be any difference accord-
ing to the crystallisation process of the types
of Groups | or Il, and in the case of the forma-
tion of decomposing chemical combinations—
that is, when these are formed in the course of
the crystallisation process by a reaction between

Fig.21.7erow(n op F.g.22.7erowtn of

Binary Alloy. Ternary Eutectic.

the precipitated crystals and the liquid—one will
obtain, not a primary formation of crystalline
grains, but a complicated secondary process,
which is extraneous. Equally the type of

Group I, 2, B (a) is not discussed, because it
is also a secondary process.
The types of the Groups Il, 2, A, and II, 1,

are not different from one another in the sense
of the crystallisation process. Consequently the
types of the Groups I, 1; I, 2; Il, 1 and II, 2,
B, b, alone remain.

Group I, 1.—The most important case is the
type of Group I, 1, that is, the crystallisation
of a pure substance from solution. As in this
case, also in all of the other cases, in the crystal-
lisation of alloys, except the above-mentioned
factors determinating the crystalline process, an
important part is played by the concentration of
the solution, the change of its concentration
during the process of crystallisation and the rela-
tion between the rapidity of diffusion in the con-
centration and the linear crystallisation speed;
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in the case of the crystallisation of a solid solu-
tion, the diffusion in the already precipitated
crystals also plays an important part.

In case I, 1, when the concentration of solu-
tion (under the existing thermal conditions) has
attained saturation, the crystals of the pure sub-
stance begin to precipitate according to the
liquidus curve in definite intervals of tempera-
ture, when the temperature will decrease and at
a constant temperature in the case of the crys-

tallisation from the solution, when the solvent
will gradually disappear.

If the crystallisation takes a very slow course,
that, is, when the time between the beginning
of crystallisation and the final eutectic solidifica-
tion of the solution is very considerable (the pro-
cess evidences itself only with a very low super-
cooling—low KG and low K2Z), and chiefly
because the absolute value for KG will be low,
one obtains large, well-developed, idiomorphic
crystals.
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Process of the Production of Idiomorphic Crystals.

Equally as in the crystallisation process of the
pure substances already outlined, nuclei are
formed very sparsely. One may suppose, pro-
vided the hypothesis propounded is accepted,
that initially, from the nuclei, crystals begin to
grow in all directions, yet before they reach any
considerable  size, equalisation is already
taking place and the crystal assumes its innate
crystallographic form. Moreover, if KG is low,

Fig. 24.— Eutectic Structure—
Fine-grained Structure.
From “ Lehrbuch der
Metallographie,” by J.

Tammann.

there constantly will be deposited on this crystal
new and fresh layers of crystal; from the satu-
rated solution surrounding it one thus obtains
an idiomorphic crystal. If KG is higher than
the concentration of the solution, the solution
in the immediate vicinity of the surface will be
poorer by the dissolved substance; the regularity
of the growth will he interfered with and the
formation of dendrites started. The crystallis-
ing substance will require more material for its
growth in other parts of the solution if it is
not in the immediate vicinity of the surface. In
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this manner one obtains a true dendiitic
structure.

The influence of the impoverishment of the
solution in the immediate vicinity of the crystal-
lisation surface—owing to a high value for KG
on the precipitating metal may be easily ob-
served in the process of the electrolytic precipi-
tation of metals on the cathode, which follows
the same principles as the crystallisation from a
molten bath—that is, according to KG and KZ.
On the edges of the cathode (supposing it is
being worked with a maximum density of cur-
rent, in which a good cathode deposition may
still be obtained there), whereby the density of
the current is still higher, branches of a den-
dritic character begin to form, the precipitating
metal requiring more material for the construc-
tion of its crystal.

If the crystallisation process reaches finality,
the precipitation of the eutectic begins at the
eutectic temperature.  This surrounds the pre-
viously-precipitated crystals, whether dendrites or
idiomorphic. Naturally this will occur only if
the alloy chosen is of a composition approxi-
mating to the eutectic composition, that is if
the quantity of eutectic is greater than that cf
the precipitating primary crystals. On the con-
trary, i.e., if the quantity of primary crystals
is larger than the eutectic, the precipitated
crystals will constitute an obstacle to each other
as to growth. In the crystallisation of pure sub-
stances one obtains a polyhedral structure,
whereby the dendritic structure of the polyhe-
drons are almost always clear.  The remaining
quantity of liquid solidifies eutectically between
the individual polyhedrons.

Formation of Nuclei from Eutectic Alloys.

The type of Group I, 2, represents an alloy
of eutectic composition.  For clarity it is pro-
posed to treat the most usual case, that is, an
alloy composed of an indefinite quantity of con-
stituents, so that this may correspond to what-
ever eutectics exist. It is immaterial whether
this eutectic is mono-, bi-, tri- or “ n ’-variant.
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It is sufficient to have an eutectic, i.e., a com-
position, in which the liquid will be saturated at
the same time with some, or at least two, com-
ponents. In this case, the precipitation of
the smallest particle of one constituent will im-
mediately be followed by the precipitation of the
second component. This supersaturation occurs
in the immediate vicinity of the precipitated
particle, so that the precipitation of these other
constituents of the eutectic will take place in
the immediate vicinity of the precipitated

Liquid

B
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crystal, that is, near the same nucleus. The
number of the crystallisation centres will depend
on the supercooling. The linear crystallisation
speed will assume another value for each of the
constituents of the eutectic.

The process of the crystallisation of the
eutectic itself will act in the following manner :
For every time-unit, a definite number of nuclei
will form, and from these eutectics begin to grow
in all directions (spheroidally). These eutectics
are constituted of as many constituents as there
are in the eutectic. Naturally the crystals in
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this case growing from one nucleus will have a
different chemical composition, so that the
adjacent crystals or branches will be of various
phases.

In the simplest case, that is, in the case of the
binary eutectic, a growth is formed according to
the scheme represented in Fig. 21 (the white
branches refer to component A, the black ones
to component B). In a terna