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From our wide range we are
able to supply refractory mat-
erials of high quality suitable
for most industrial purposes.
In our various works, which
are modern in design and
equipment, care is taken in
every stage of manufacture to
ensure that our products are
maintained at a uniformly
high standard.

For fuller particulars, ask
for our Pamphlet, No. 1.
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The latest product of our Metallurgical Research
Laboratories is Free-Cutting Aluminium Alloy,
B.A.35.

This new alloy provides the same fine surfaces
and clean screw threads as our standard machin-
ing alloy B.A.24/MS. At the same time, B.A.35
has fully developed free-cutting properties, i.e.
it machines with short brittle chips which drop
away without clogging the machine. B.A.35 alloy
can be worked on fully automatic machines with
the minimum of attention.

We shall be happy to provide particulars and jree samples to
interested inquirers.

The BRITISH ALUMINIUM*™

HEAD OFFICE: ADELAIDE HOUSE .KING WILLIAM STREET. LONDON.E.C.4.
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Donations of any of the under-mentioned, would he welcomed to complete
the Institute’sfiles :

Encyclopaedia Britatmica (latest issue).

Searle, Alfred B. “Refractories™ (latest edition).

Brass World.” Volumes 2-6.

Metallurgical and Chemical Engineering (Chemical and M etal-
lurgical Engineering). Volumes 12- 14; Volume 15, Nos. 1-8, 10-12 ;

Volume 16, Nos. 1,2,4; Volume 17,No. 6; Volume 18, No. 1; Volume 20,
No. 9; Volume 21, No. 11.

Mineral Industry. Issues since 1932 (incl.).

Foundry Trade Journal. Volumes 1-25.

Journal of the Electroplaters and Depositors’ Technical Society.
Volume 1.

Journal of the Iron and Steel Institute. Volumes 1- 15.

Journal of the Russian Physico-Chemical Society. (Chemical Part.)
193°, Volume 62, Part 4.

Metallwirtschaft. Vvolumes 1- 5.

Mitteilungen aus dem Kaiser-Wilhelm-Institutfir Eisenforschung
zu Dusseldorf. Vvolumes 1—0.

Proceedings of the Institute of British Foundrymen. 1916-17.
(Volume 10.)

Revue de Métallurgie. Volume 1.

Transactions of the American Electrochemical Society. Volumes 1-3
and Volume 11.

Transactions of the American Foundrymen’ Association. Volumes
1- 15, 18-27 incl-

Transactions of the American Institute of Metals (American Brass
Founders’ Association). Volumes 3- 5.

Transactions of the American Society for Steel Treating. Volume 13.
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WE also make Sheet and Strip in Brass, Copper,

Bronze and Nickel Silver, etc., Extruded Rods and

Sections, and also “ DURALUMIN " of which we are
the sole makers.

JamesH oo fllsOan] iImiec

ARGYLE STREET WORKS, BIRMINGHAM,7.

Telegrams: “ Booth, Birmingham.”

Telephone: EAST 1221 (P.B.E.).
Cables: Lieber’s 5 letter. A.B.C. 6th Edition. Bentley’s Second Phrase. Western Union.



For the economical production of tubes with absolutely
uniform wall thickness we supply

TUBE EXTRUSION
PRESSES

of vertical or horizontal type, also the
required power water plants consisting of
pressure pumps and accumulators, the
latter of the electrically controlled, com-
pressed-air loaded type without any pistons
or floats, for which the HYDRAULIK Co.
owns patents in all countries of the world.

British Agents: Aabacas Engineering Co., Ltd., 10Canning Place, Liverpool. |
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WELLINGTON HOUSE, BUCKINGHAM GATE, LONDON, S.W.|

Telephone: Whitehall 7665 & 7666 Telegrams: Fluxode, Sowest, London
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HOT ROLLING MILLS
FOR SHEET METAL

Two-high hot rolling mill for wide sheets of light alloys of high
tensile strength. A special feature of our rolling mills is the

ease and rapidity with which the rolls and their fittings can
be adjusted. 0

DEMAG AKTIENGESELLSCHAFT, DUISBURG, GERMANY

For further particulars apply to
E. HAFELS, 119 VICTORIA STREET, LONDON, S.W.I.
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N O discoloration

NO deposits

N O variation in physical properties

IN FACT straight from annealing
furnace to customer

MINIMUM extraneous material to
be treated

MINIMUM maintenance costs

MINIMUM labour required

IN FACT lowest possible annealing
costs

REMARKABLY SIMPLE AND EASY
OPERATION

Advt. oj The General Electric Co., Ltd.

100% Bright Finish with a per-
fect and uniform Anneal now
obtainable both with BATCH
and CONTINUOUS FURNACES
for Iron and Steel and most Non-

Ferrous Metals and Alloys.

A typical C.E.C. installation for bright
annealing by the Grinewald process.

Head Ofjicc : Magnet House, Kingsway, London.
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The illustration shows castings
which are part of the wheels for a
racing model of the Austin Seven.
These wheels were produced for
special racing purposes in one of
our aluminium alloys by
If. Maybrey & Co., Ltd.

for

VWOIIIMS TES

A cast aluminium wheel centre confers many
advantages—in particular the dissipation of
heat, which enables the brakes to retain
their original efficiency at high speeds.
This is one example of the many applications
and advantages offered by our range of
aluminium alloys. Write to us for infor-
mation 011 aluminium and its alloys.

ALUMINIUM UNION LIMITED

H uJdih ¢J4oufe

TEMPLE BAR 8844 (10 lines) LONDON "ALULIM®

HIGH PURITY ALUMINIUM INGOT - FOUNDRY ALLOYS - SHEET INGOT



Rauscli fom t

WIDE FIELD

BINOCULAR
MICROSCOPE
BKT

AN “ALL ROUND"” INSTRU-
MENTforthe METALLURGIST

Its Uses include: EXAMINATION OF

SURFACE STRUCTURES
BREAKS AND CRACKS
RUSTS AND FINISHES
jfc OurNew Catalogue gladly sent on request

BAUSCH & LOMB OPTICAL CO.

(Established 1853) LIMITED
Africa House, Kingsway,
BKT STAND LONDON, W.C.2.
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SECTIONS SIMPLIFY CONSTRUCTION

Extruded sections, available in thousands of different forms,

effect economies in modern constructional methods. By the

suitable choice of one of our alloys—strengths of which range

from 6| to 28 tons per sq. in.—and by choosing suitable ex-

truded sections, maximum strength can be obtained with
minimum weight.

NORTHERN ALUMINIUM CO., LTD.

BUSH HOUSE, ALDWYCH LONDON, W.C.2
Telephone: TEMPLE BAR 8844 (6 lines)
And at BIRMINGHAM, MANCHESTER, BRISTOL and GLASGOW
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« Bring your
reference library up
to date

A copy of our new Catalogue
with details of Britain’s finest
Precision Balances and Weights
gladly sent free on request to
any industrial or educational
laboratory. Please state whether
interested in Chemical Balances,
Assay Balances, or both.

Founded in London, 1849.

L. OERTLING Ltd., 65 HOLBORN VIADUCT, LONDON, E.C1
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Quality is a matter of comparison

J. F. RATCLIFF (METALS) LTD, NEw SUMMER STREET, BIRMINGHAM

Telephone- Aston Cross 3576/7.

and it matters very much, when

you are buying rolled metal, what
standard you use to make your

comparison.

11 you have seen LUSTER Metal
followed the process
from start to finish, watched the
patient testing of raw materials,
admired the modern electric an-
nealing process, noted the almost
meticulous care taken in each stage
of manufacture, you will be con-
vinced that here is your standard

produced :

for Rolled Metal . . . LUSTER.

The photograph shows some
rolls and strips waiting

finished
delivery instructions.

Telegrams: " Rodent, Birmingham."
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CIRCULATION FURNACES
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HEAT-TREATMENT OF"=====
NON -FERROUS '"METAL?

LOW INITIAL COST «LOW RUNNING COST « UNIFORM RESULTS ¢ HEALTHY CONDITIONS

WILD - BARFIELD ELECTRIC FURNACES LTD
ELECFURN WORKS, NORTH ROAD, HOLLOWAY, LONDON, N.7



BASE
METALS

ANTIMONY MERCURY
BISMUTH MOLYBDENUM
CADMIUM SELENIUM

In addition to the supply of the
above metals in ordinary com-
mercial forms and qualities, we
have excellent facilities for the
production of chemically pure
base metals for research pur-
poses. We also specialize in
the production of very fine wire,
foil, and seamless tube in suit-
able metals and alloys.

Silver solders for use on

brass, bronze, copper,
carbon steel, Monel metal,

JOANSON, MATTHEY & @., LID.

Head Office and Refineries :

73-83, HATTON GARDEN,
LONDON, E.C.I
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Norton Boron Carbide as it comes from
the electric furnace (uncrushed)

NORBIDE
METALLURGICAL COMPOUND

Norbide Metallurgical Compound (Norton Boron
Carbide) has possibilities as an economical source of
boron for metallurgical purposes—both as an alloy
constituent or as a scavenging agent. In the latter
case use is made of the powerful deoxidizing properties
of both boron and carbon.

Norbide Metallurgical Compound has a guaranteed
boron content of not less than 75%a

A typical analysis—

BOron i 78.22
Carbon 21.00
Silicon .01
lron . 14
Undetermined .63
100.00%

Thus is offered a boron source of known analysis and
appreciably constant carbon ratio with a minimum of
impurities.

Norbide Metallurgical Compound will dissolve
readily in steel to provide a boron constituent or for
its effect on the contained carbon.

Write for leaflet 454 A

NORTON GRINDING WHEEL COMPANY, LIMITED
WELWYN GARDEN CITY, HERTS.



INSTITUTE NEWS AND ANNOUNCEMENTS

Annual General Meeting and
Dinner.

The Twenty-Ninth Annual General
Meeting will be held on March 10 and
11, 1937, in the Hall of the Institution
of Mechanical Engineers, Storey’s
Gate, London, S.W.l, beginning at
10 a.m. on each day. The Annual
Dinner will take place on March 10 at
the Trocadero Restaurant.

Autumn Meeting, 1937.

The Council received at its last
meeting, through Professor J. H.
Andrew, D.Sc., an invitation to the
Institute to hold its twenty-ninth

Autumn Meeting at Sheffield in
September, 1937. The invitation
was warmly accepted. The last

Sheffield meeting of the Institute took
place in 1919.

List of Members.

A new edition of the List of Mem-
bers is expected to be ready for issue
about the end of November. Mem-
bers who desire to receive a copy
should send a post-card to the
Secretary.

Membership Additions.

The following were elected on
October 29, 1936 :

As Members.

Barker, Stuart Netherwood, South-
ampton.

Billinghurst, Philip Edward, Salis-
bury, S. Rhodesia.

Black, Arthur, Southampton.

Day, William Arthur Jefferies, Pre-
toria, S. Africa.

Edens, Leonard, Dipl.-Ing.,
Spandau, Germany.

Farr, Harry, Cardiff, S. Wales.

Holdings, Arthur Sidney, Birming-
ham.

Berlin-

Horley, Robert Eustace, South-
ampton.

Kempe, Louis W., M.S., Cleveland,
Ohio, U.S.A.

Laves, Fritz, Dr.-phil., Gottingen,
Germany.

Lorentz, Marjorie Geraldine, B.A.,
Bridgeville, Pa., U.S.A.

MacDonald, James, London.

Messner, Martin C., Katowice,
Poland.

Pultlen, Alfred Norman
Grappenhall, Cheshire.
Roglin, E. C., North Canton, O,
U.S.A.

Tattersall, Cecil Owen,
A.R.C.Sc., Cawnpore, India.

White, Edwin Hillier Maurice, Bir-
mingham.

Y ates, Donald, B.E., Port Pirie, S.
Australia.

Douglas,

B.Sc.,

As a Student Member.

King, George Rowland, Hounslow,
Middlesex.

PERSONAL NOTES

The Editor requests that his attention
be directed to items of interest to mem-
bers that might be included under the
“ Personal Notes ” heading. All con-
tributions for the December issue of the
Monthly Journal should reach the
Editor not later than November 24.

Mr. N. W. Ageew, Met.Eng., has
been awarded the degree of Dr.Chem.
by the Academy of Sciences of
U.S.S.R. (Moscow) for a thesis on
“ Physico-chemical Study of Inter-
metallic Molecular Solid Solutions.”

Mr.H.S.Duncan,B.Sc., A.R.S.M,,
is on leave from the Federated Malay
States, and correspondence may be
forwarded to him at 23 Dryden Road
North, Gateshead, Co. Durham.

Mr. C. F. J. Francis-Carter,
formerly Chief Chemist, Messrs.
Morris  Motors, Ltd. (Radiatois
Branch), Oxford, has been appointed
Head of Research Department,
Messrs. The Pyrene Company, Brent-

ford, Middlesex.

Sir Francis Goodenough, C.B.E.,
will shortly sever his connection with
the Institute—of which he has been a
member since 1917—in view of his
retirement. He has been Executive
Chairman of the British Commercial
Gas Association since 1911.

Mr. N. M. Hopkin, A.R.S.M,
B.Sc., has recently been elected
Associate of the Institute of Chem-
istry.



Local Sections News

Mr. Edward Spurr has been
appointed Chief Engineer to the Lon-
don Laboratories of Sloane Square,
where he is in charge of research work
and general development work in
relation to aircraft engines and air-
craft structures.

Birth.

On August 19, 1936, a daughter
was born to Mr. and Mrs. A. G.
Robiette at Birmingham.

Obituary.

Mr. S. Cholewinski died on
September 26, 1936, after a long and
painful illness. He was Director of
the “ Babbit ” Aluminium Foundry,
Warsaw, Poland, and had been a
member of the Institute of Metals
since 1933.

Mr. C. W. Murray died in South-
sea on August 19 at the age of 79
years. He was Superintendent
Engineer and Manager of the Marine
Department, Messrs. Babcock &
Wilcox, Limited, from 1900 to 1930,

local

sections

and was elected to membership of the
Institute of Metals in 1914.

Mr. A. R. Stewart died on
August 6, 1936. He had been a
member of the Institute since 1916.

The Engineering Institute
of Canada.

Members of the Institute of Metals
are cordially invited by the Engineer-
ing Institute of Canada to participate
in the celebrations of its fiftieth
anniversary at a semi-centennial
meeting to be opened in Montreal on
June 15, 1937.

It is the expressed desire of the
Council of the Canadian Institute
“ that this occasion may be the means
of bringing about a closer acquaint-
anceship between engineers of Great
Britain and Canada.” Special plans
are being made for a group to travel
together. Members interested should
get into touch with the Secretary of
the Institute of Metals.

news

MEETINGS IN NOVEMBER AND DECEMBER *

Birmingham Section.

Some Aspects of Industrial Hygiene.
(December 3.)

Metallurgical Problems in the Chemical Industry.

(December 15.)

By Howard E. Collier, M.C., M.B., Ch.B.

By N. P. Inglis, D.Sc.

London Section.
Suppber-Dance. At Thames House, Millbank, S.W.l, at 7.30 p.m., on Novem-
er 25.

Tickets, price 6s. 6d. each, can be obtained from any Committee member
of the Section, or from the Institute Secretary.

Some Impressions oi Industry in the U.S.S.R.

(December 2.)

By W. T. Griffiths, M.Sc.

This will be a joint meeting with the London Branch of the Institute of

British Foundrymen, who will be acting as hosts.

in the Charing Cross Hotel at 8 p.m.

The meeting will be held

Manchester Metallurgical Society.

Discussion on Microscopy.
(November 18.)

Opened by J.

Dickson Hannah, M.Sc.Tech.

* For places and times of meetings, where not given, the green folder
programme already issued should be consulted.
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Local Sections News

North-East Coast Section.
Refractory Materials. By J. W. Mellor, D.Sc. (November 27.)

The meeting is being held, by invitation of the Newcastle Branch of the
Soeietv of Chemical Industry, in the Chemistry Lecture Theatre at 7*30 p.m.
The lecture isthe Jubilee Memorial Lecture of the Society of Chemical Indus ry.

Scottish Section.
Metal Spraying by the Wire Process. By W. E. Ballard. (December 14.)

A brief historical survey of the process of metal spraying ; a brief descrip-
tion of the three methods used in modern industry ;
nistol « the structure of metal-sprayed coatmgs ; ‘the influence ol the gases
used 1’ nozzle distance, &c. ; metal spraying as a preventative of corrosion ,

H H A o AOA|O]; .

O L T N ST e A
building up by metal spraying; repairs of castings; a description of t
industrial uses of the process; zinc coatmgs for prevention of atmospheric
corrosion ; aluminium coatmgs for steelwork food vessels and chemical plan
the aluminizing process for the prevention of high-temperature oxidation,
the metallurgy of aluminizing ; tin coatings by spraying for food vessels, &c.,
nickel coatings for corrosive media. t

The author hopes to show a film 011 metal spraying m addition
slides.

Sheffield Section.
w rought Nickel Silver Alloys. By Maurice Cook, M.Sc., Ph.D. (December 11.)

The classification of this group of alloys is discussed
reference to recent proposals, and consideration is given to the relationship
between colour and composition. The melting and casting PTOcedure is
briefly dealt with, and attention is directed to the importance
temperature and deoxidation. The mechanical properties, constitution
stamping and machining properties of hot-working nickel
nickel brasses, in the form of extruded rods, are described The results ot a
detailed study of the physical and mechanical properties of a series of alloys
conforming to the suggested British Standards Institution specification, are
given  These tests were carried out on strip produced by cold-rolling, and
addition to hardness and tensile tests, information is given regarding the
annealing characteristics of the alloys, and such properties as electrical and
thermal conductivities, coefficient of expansion, and density.

Swansea Section.

Display of Films of Metallurgical Interest. (December 8.)
The new Honorary Secretary and Treasurer of the Swansea Section is
Mr. K. M. Spring.

International Chemical Congress.

The Transactions of the International Chemical Engineering Congress,
held in London in June, 1936, will be published as early as possible next year,
and are obtainable at the pre-publication price of £10, until January 31.

The Publishers, Messrs. Lund, Humphries and Co., Ltd., 12 tfeatora
Square, London, W.C.l, will send on application, full prospectus of the 121
naDers which with General Reports on Sections, and Discussions, and an
account of the Congress, occupy Vols. I-1V. Vol. V contains the Author
and Subject Index. Most of the Papers are m English; all are provided with
French and German summaries.
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MEETINGS OF OTHER SOCIETIES

WEDNESDAY, November 18.

Electrodepositors’ Technical
Dr. H. J. T. Ellingham : *“ Modern Views
Regarding Electrolyte Solutions.” (North-
ampton Polytechnicinstitute, St. John Street,
Clerkenwell; London, E.C.I, at 8.15p.m.)

THURSDAY, NOVEMBER 19.

Company of Armourers and Brasiers in the
City of London—Dr. J. L. Haughton:
“ The Equilibrium Diagram of Alloys; its
Meaning, Construction, and Use.” First of
Three Lectures. (Royal School of Mines,
Prince Consort Road, South Kensington,
London, S.W.7, at8pm)

SATURDAY, November 21

Institute of British Foundrymen, Scottish
Branch, Falkirk Section.—M. Russell:
“ Design, Patternmakmg and Moulding, and

Society.—

their elatlonshl Producin Castings
Competitively.” FTemperance afé, Lint
Riggs, Falkirk, at 6 p.m.)

THURSDAY, NOVEMBER 26.

Company of Armourers and Brasiers in the
City of London.—Dr. J. L. Haughton:
“ The Equilibrium Diagram of AIons its
Meaning, Construction, and Use.” Second of
Three Lectures. (Ro al School of Mines,
Prince Consort Road, South Kensington,
London, S.W.7, at8pm)

SATURDAY, NOVEMBER 28.

Institute of British Foundrymen, East
Midtands Branch.—F. Dunleavy : * More
Non-Ferrous  Problems.” (Loughborough
College, at 6 p.m.)

TUESDAY, December I.

Electrodepositors’ Technical Society.—

W. H. Riley : “ Modem Platlmi; Shop Prac-
tice.” (James Watt Memorial Institute, Gt.
Charles Street, Birmingham, 3, at 7.30 p.m.)

THURSDAY, December 3.

Company of armourers and Brasiers in the
city of London.—Dr. J. L. Haughton :
“ The Equilibrium Diagram of AIons its
Meaning, Construction, and Use.” Third of
Three Lectures. (Royal School of Mines,
Prince Consort Road, South Kensington,
London, SW.7, at 8 p.m.)

Institute of British Foundrymen, Sheffield
and District Branch.—Commander Trevor
Glenny: *“The Planning and Progress of
Foundly Operations.” (King’s Head Hotel,
Change Alley, Sheffield, at 7.30 p.m.)

INSTITUTION OF ELECTRICAL_ ENGINEERS.—P.
Dunsheath : * Continuous Extrusion of Lead
Cable-Sheaths.” (The Institution, Savo
Place, Victoria Embankment, London, W.C.
at 6 p.m.)

FRIDAY, December 4.

Institute of British Foundrymen, Birming-
| ham, Coventry, and West Midlands
Branch.—E. J. L. Howard: *“Bronze

Castings.” (James Watt Memorial Institute,
Gt. )Charles Street, Birmingham, 3, at 7.30
p.m

SATURDAY, December 5.

Institute of British
Midlands Branch, Lincolnshire Section.
—F. Dunleavy: “ Non-Ferrous Problems.”
Technical Col Iege Monks Road, Lincoln, at

p-m.)
TUESDAY, December 8.

Institution of Electrical Engineers, North
Midland Centre.—P. Dunsheath: *“ Con-
tinuous Extrusion of Lead Cable-Sheath.”
(Hot)el Metropole, King Street, Leeds, at 7
p.m.

Foundrymen, East

WEDNESDAY, DECEMBER 9.

Institute of Welding, Scottish Branch.—J.
Carpenter: “ ElectrodeManipulation.” (Royal
Philosophical Institute, 207 Bath Street,
Glasgow, at 7.30 p.m.)

FRIDAY, December II.

Institute of Welding, Midlands Branch.—
T. E. B. Nixon : “ The Behaviour of the Arc.”
James Watt Memorial Institute, Gt. Charles

treet, Birmingham, 3, at 7.15 p. m)

SATURDAY, DECEMBER 12.

Institute of British Foundrymen, East,
Midtands Branch.—S. A. Horton: “Pat-
terns and Their Relation to Moulding Prob-
lems.” (Loughborough College, at 6 p.m.)

Institute of Brltlsh Foundrymen, Scottish

Branch —W. Smith : “ Mould and Core
Drying.” (Royal Technical College, Glasgow,
at4p.m.)

WEDNESDAY, December 16.

Electrodeposltors' Technical Society.—
E. A OIIard * Rectification of Acid Copper
Solutions.” (Northampton Polytechnic Insti-
tute, St John Street, Clerkenwell, London,
E.C.l, at 8.15p.m.)

In inIuIe of Welding, Manchester and
District Branch.—L. B. Wilson: *“ De-
velopments in Resistance Weldm% (Man
chester College of Technology, at 7.30 p

Royal Society of Arts.— Sir William Brasg
“The Development of Crystal Analysis.” (The

Society, John Street, Adelphi, London, W.C.2,
at 8.3 p m.)
THURSDAY, December 17.

Leeds association of Engineers. . B.
Nixon : * Electric Weldlng Plants " Jomt
Meeting with Institute of Welding. (Griffin
Hotel, Leeds, at 8 p.m.)
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the Secretary not later than March 15,1937.
STRESS-STRAIN CHARACTERISTICS OF
COPPER, SILVER, AND GOLD.*

Bv J. MCKEOWN.t M.Sc., Ph.D., Member, and
0. F. HUDSON,! A.R.C.S., D.Sc., Member.

Synopsis.

A study has been made of the stress-strain characteristics of gold
and silver of a very high degree of purity, and also of twc»coPP«™- one
oxygen-free but containing a small amount of silver (about 0003 per
cent.), the other containing 0-016 per cent, oxygen but free from silver,
both having little more than traces of other impurities. Stress-strain
curves were obtained to determine limit of proportionality, 0-01 per cent
proof stress, and Young’s modulus. The materials were tested m the
fully-softened condition, after slight tensile overstrain (less than 1 per
cent.) and after definite larger amounts of tensile overstrain (5-15 per
cent.), and after re-heating the overstrained specimens at different

It is generally considered that copper in the fully-annealed condition
has no elastic limit, and the present tests have shown, as was expected,
that pure gold and pure silver, when fully annealed, also show no pro-
portionality of stress to strain in any part of the stress strain diagram.

The elastic properties induced by cold-working were retained in
large measure in all three metals after re-heating for short pe™ds at
moderately elevated temperatures, when the amount of cold-working
(tensile overstrain) had been small. Low-temperature annealing, as
used in the tests described, did not, however, result m raising the limi
of proportionality of pure gold and silver and of oxygen-free and oxygen-
containing coppers, to the same extent as in other cases, e.g. other kinds
of copper.1.3 The tests have shown that, when any of the metals, fine
gold, fine silver, oxygen-free and oxygen-containing coppers, has been
subjected to a small tensile overstrain, the effect of this small overstrain
is evident in the stress-strain characteristics, even after re-heating

relaT h f testfVaTOPshownethat the value of Young’s modulus (E) for
this oxygen-free copper is decreased by a small (5 per cent.) tensile
overstrain to 15-7 X 10« Ib./in.2 (mean value). Larger amounts of over-
strain appear to result in a recovery in the value of E; with 15 per
cent, overstrain the value of E found being 17-6 X 10 Ib./in. . This is
in agreement with the results of Kawai s previous work.

nnealing of the overstrained copper tended to restore the value ol

E lowered by previous overstrain, and by suitable treatment a value ot
182 x 10s Ib./in2 was obtained. Similar effects of re-heating alter
overstrain were found in the cases of fine gold and of fine silver, although
the raising of the modulus by heat-treatment was less"marked than in
the case of copper. Gold, which had a value of E oi 10-3 X 10

when overstrained 5 per cent., gave 11-3 X 106 Ib./in.2 when re-heated
for J hr. at 300° C.
* Manuscript received June 27, 1936. T

+ Investigator, British Non- Ferrous Metals Research Association, London.
| Research Superintendent, British Non-Ferrous Metals Research Association,

London.

Note to Abstractors and Other Readers.-This paper will be pushed in
permanent form, in the Journal of the Institute of Metals, \ol. LX, 1937.
Reference should accordingly be as follows : J. Inst. Metals, 1937, 60 (Advance
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Some time ago the authors had the opportunity to carry out tensile
tests on standard 0-564 in. test-pieces of fine gold and fine silver the
materials being very kindly lent for this purpose by Messrs. Johnson,
Matthey and Co., Ltd., at the suggestion of Professor R. S. Hutton'
The original object of the tests was to obtain full load-extension diagrams
for these two metals when in a state of high purity and in the annealed
condition. It was felt, however, that while the specimens were available
it would be of interest to examine the stress-strain characteristics of
gold and silver after overstrain and after overstrain followed by heat-
treatment. Later the tests were extended to include copper, and for
this purpose a sample of copper of high purity (oxygen-free) was kindly
supplied by Messrs. Thos. Bolton & Sons, Ltd, who also supplied some
otherwise exceptionally pure copper containing 0-016 per cent, oxygen.

I. Previous Work.

The effect of cold-work alone and followed by heat-treatment on the
elastic properties of metals has been the subject of numerous investi-
gations, and only the more recent work is reviewed. In 1929 Hudson,
Herbert, Ball, and Bucknalll dealt at some length with the effect of
heat-treatment on the hardness and on the elastic properties, particularly
the limit of proportionality, of copper containing small percentages of
various added elements. In 1931 Jones, Pfeil, and Griffiths2 dealt
with the effect of heat-treatment on the elastic limit of nickel-copper
alloys, while in 1932 the present authors 3 in a paper dealing with the
effect on copper at low stresses of cold-work, heat-treatment and
composition referred particularly to the influence on the stress-strain
characteristics of these variables.

All these investigations showed that cold-work produces in most
materials a definite range of proportionality of stress to strain where
none exists in the materials in the fully-annealed state, and that this
range is generally increased by suitable low-temperature heat-treatment
These investigations were mainly confined to the determination of limit
of proportionality and proof stress, the determination of Young’s
modulus being as a rule considered as a subsidiary matter.

On the other hand, W. Kuntze «in 1929 gave evidence to show that
the value of Young’s modulus was dependent on the previous history
of the specimen tested. He concluded that cold-working decreased the
value of the modulus while heat-treatment subsequent to cold-working
increased it.

Batson and Hyde m state that if the limit of proportionality is
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exceeded the value of Young’s modulus (E) for steel may be decreased,
in some cases by as much as 20 per cent. Recovery, however, is effected
by rest or immersion in boiling water. The same authors quote the
results of tests made at the National Physical Laboratory to determine
the effect of heat-treatment on the value of E. The maximum effect
due to heat-treatment alone (4 per cent.), was found in the case of the
2-75 per cent, nickel, 0-25 per cent, carbon steel.

An example of cold-work followed by precipitation-hardening as
effecting a change in the value of E is given by beryllium-copper.5
Fully-annealed (water-quenched) sheet containing 2 per cent, beryllium
has a value of E of 15-2 X 106 1b./in.2, for the same sheet rolled 6 Nos.*
hard E = 16-0 X 106 Ib./in.2 and heat-treated after rolling E =
17-9 X 10®1b./in.2. With 2-5 per cent, beryllium the sheet rolled 6 Nos.
hard gave E = 16-3 X 10®1b./in.2, and when heat-treated E = 19-0 X
10®Ib./in.2.

Kawai 6 carried out an investigation on Armco iron, mild steel,
nickel steel, copper, aluminium, and nickel to determine the effect
produced on the modulus by cold-working with and without subsequent
heat-treatment. He found that in iron and steel the modulus always
decreases with cold-working and that in the other metals it decreases
for a small degree of working, but increases for a large degree of working.
The effect of annealing iron and steel subsequent to cold-working
was to increase the modulus again; thus, in the case of mild steel drawn
with 36 per cent, reduction annealing at 900° C. returned the modulus
to the original value of the soft material.

In the case of copper, aluminium, and nickel, previously cold-worked,
the modulus increased rapidly as the annealing temperature was
increased, a maximum being reached at 300°, 200° and 350° C.,
respectively, at which temperatures recrystallization began to become
noticeable; from this point the modulus decreased up to about 650°,
500°, and 900° C., respectively, where it had returned to the initial value
before cold-working.

In the 1911 May Lecture to the Institute of Metals, Beilby 7 quoted
the results of acoustical tests on the changes in elasticity due to annealing
at various temperatures, the test being carried out on vibrating tongues
of gold, silver, copper, and iron. The pitches of the hardened tongues
were raised by annealing treatments, the increase being of the order
of 5 per cent, by annealing at the crystallizing temperature. Since the
frequency of vibration is proportional to the Young’s modulus, it follows
that the modulus was increased by the heat-treatments.

* 50 per cent, reduction.
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Il. Experimental.
A. Materials.

The gold, assayed by the makers, was 999-999 fine and the silver
1000-000 fine. In each case the metals were cast in lj-in. diameter
bars and then rolled to a diameter of 0-8 in. in steel rolls. The bars
were then annealed for 10 minutes at 500° C., and standard British
Standard 0-564-in. diameter specimens were machined from them.
After the machining operation, the finished specimens were given another
anneal for 10 minutes at 500° C.

The oxygen-free copper was of high purity, the oxygen content being
less than 0-0005 per cent. A spectrographic analysis gave the following
results :

Per Cent.
Bismuth . . . less than 0-0001
Arsenic . . ” ,» 0-001 (if any)
Lead . . 0-001 (approx.)
Iron . . . . 0-005
Nickel . . . 0-0005
Silver . . . 0-003
Antimony . . . not detected (less than 0-002 if any)
Tin . . . " " (less than 0-005 if any)

This material was supplied in the form of hard-drawn |-in. diameter
bar. It had been hot-rolled in the ordinary way to (nominal) 1.(Vin.
diameter from an imported, vertically cast, 250-1b. wire-bar of O.F.H.C.
(non-guaranteed) quality, and drawn to § in. diameter on a draw-
bench, being given an intermediate annealing of approximately J hr.
at 650° C. at 1-0 in. diameter. Specimens were machined to the
British Standard 0-564 in. size.

The oxygen-containing copper was supplied in the hard condition
in the form of machined bar 7 mm. in diameter. It was made from
copper of unusual purity, hot-rolled from an ordinary horizontally-cast
250 Ib. wire-bar to in. diameter, annealed, pickled, cold-drawn on a
block to No. 000 S.W.G. approximately, and finished on a draw-bench
without intermediate annealing to T¥ in. diameter; it was finally
machined to 7 mm. in diameter. Specimens having a diameter of
0-1784 in. (area  sq. in.) on the 2-in. gauge-length were machined from
the bar. This copper contained 0-016 per cent, oxygen, and in a careful
spectrographic analysis the only other impurities detected were iron

(0-001 per cent.) and lead (0-0002 per cent.). It should be borne in
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mind throughout the subsequent discussion of results that, whereas
the oxygen-free copper contained about 0-003 per cent, silver, this
specially pure copper, while containing a small amount of oxygen, was
apparently entirely silver-free; several independent spectrographic
and chemical analyses, carried out to detect silver, completely failed to
do so.

B. Testing Methods.

Two different testing machines were used in this investigation,
a 5-ton Avery lever machine and the 5-ton range of a 20-ton Amsler
hydraulic machine. The Amsler machine was calibrated against
standards before the tests were made, and a cross-check of the two
machines was made using a standard steel specimen, elastic to loads
greater than 5 tons, and an extensometer. The test showed that
the calibration of the machines agreed to within less than 0-5 per
cent.

The extensometer used in the determination of the elastic properties
of the materials was a Lamb’s roller extensometer designed for a gauge-
length of 2in. The scale distance used was such that 1 cm. on the scale
represented a strain of 1 X KH on the specimen. The scale was
graduated in mm., and a reading could be estimated to 0-2 mm. with an
accuracy of at least £ 0-2 mm., i.e. the strain was estimated to
+ 2 X 10-6. With such a high sensitivity as this, it is important, of
course, that temperature variations should be very small. The tests
were made in a basement laboratory where temperature was constant
to -j- 1° C. during the period of the test. In addition, the specimen
and extensometer were left for at least 1 hr. after being assembled in the
testing machine, to allow them to attain a steady temperature before
any testing was proceeded with.

For accurate testing of elastic properties the greatest care is
necessary to ensure axial loading of the specimen, and this was secured
by using grips of the Robertson type. These grips were made on the
lathe that was used to produce the copper specimens.

All the determinations of elastic properties were made on the Avery
machine, on which the load could be read directly to 0-01 ton and by
vernier to 0-001 ton. In most of the tests on gold and silver, the load
was increased in increments of 0-025 ton, and this increment could be
read to £ 0-001 ton. Thus, for an increment of stress on the specimen
of 0-100 ton/in.2, the probable error was i 0-004 ton/in.2. Taking a
mean value of E for gold and silver as 10-5 X 1061b./in.2 then the strain

) ) ) 0*004 v 2240
correspondingto i 0-004 ton/in.2= rfc NX o Ne~= % X 10~6,

a measurement approximately half the sensitivity of the strain measure-
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ment. It follows from this that the measurement of stress was about
twice as sensitive as the measurement of strain. Attempts were made
to increase the sensitivity of strain measurements by reading the scale
to £ 0-1 mm., but it was considered after experience of this that the
increase in sensitivity was not fully justified in all cases, and it was
decided to adhere to the former method where the strain was measured
to a sensitivity of £ 2 X 10 6.

Where the value of Young’s modulus is calculated from a stress-
strain curve showing a very low limit of proportionality of stress to
strain, the sensitivity of strain measurement becomes important. As
an example, take the case of a specimen having a limit of proportionality
of 0-4 ton/m.2 and a modulus of 10-0 X 106 Ib./in.2. The calculated
strain at 0-4ton/in.2is 90 X 10-8,and this may be read as 92 or 88 X 10-6
The former value would give E = 9-74 X 106, while the latter would
give E = 10-18 X 106 Ib./in.2, i.e. a total variation of 0-44 x 108
on a mean value of 10 X 106= 4-4 per cent. On this account the
values of E given in this paper and derived from specimens having a
limit of proportionality of only about 0-4 ton/in.2 and a value of E of
the order of 10 X 1061b./in.2 may be in error by about + 2j- per cent.
When the limit of proportionality is 1 ton/in.2 on the other hand
the value of E will vary only by + 1 per cent., and as the limit of
proportionality increases the probable error in E will decrease.

C. Annealing.

Annealings at temperatures of 500° C. and over were carried out in
an electric muffle furnace, and heat-treatments at 250°-400° C. in an
electric tubular furnace in air. Heat-treatment at 200° C. was given
in an oil-bath.

D. Stress-Strain Curves.

The stress -strain curves were plotted to a strain scale such that
1 mm. on the paper represented a strain of 2 X 10 6 on the specimen.
From the straight-line portions of the curves, the limit of proportionality
and Young’s modulus were determined. The proof stress was
determined by drawing, parallel to the elastic line, a line distant from it
1 X 10-4 strain or 0-01 per cent, and noting the stress at which it cut
the stress—strain curve.

In a number of cases the early part of the stress-strain curve con-
sisted of two straight-line portions having different slopes. The first
part up to a stress of about 0-3 ton/in.2 was followed by a much longer
straight length on which the experimental points lay very well. In
such cases the limit of proportionality and E were determined from the
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second straight-line portion and the first part was ignored. The reason
for this peculiar form of stress-strain relationship, present in some cases
and absent in others, is not known, but it is interesting to compare
the finding with that of Chalmers 8 on lead specimens using an inter-
ference extensometer by which strain was read to 10-7. Chalmers
obtained from lead specimens a new type of closed stress-strain loop.
The early part of the loading line was curved, and that was followed
by a straight portion which was found to persist up to the elastic limit.
If the elastic limit was not exceeded, the unloading line was an exact
reproduction of the loading line starting with a curve and continuing
on a straight line. It may be mentioned that in the loops obtained by
Chalmers the straight lines were parallel.

In practically every case in the present work, the return line from the
maximum stress down to the initial stress was determined, the rate
of unloading being the same as the rate of loading. Except for the case
of the severely worked materials, which had been overstrained during
the test by only a small amount, the return line was curved for all of
its length (see typical stress-strain curves in Figs. 1 and 2). This
resulted in the permanent set being less than the apparent inelastic
extension at the maximum load. In all three materials, and particularly
in the silver, the limit of restitution or elastic limit was much greater
than the limit of proportionality, in some cases it was observed to be
greater by as much as 100 per cent.

A study was made of the effect of rate of stressing in the case of the
fully-annealed materials by increasing the stress in equal increments
each 10 minutes and taking readings of the scale at 1 minute, 5 minutes,
and 10 minutes after each stress was applied. The creep occurring at
the higher stresses was clearly shown by the curves obtained. The
curves were plotted in such a way that the creep occurring during the
period 1-10 minutes at any stress was eliminated from the strain reading
for 1 minute after stressing at the next higher stress and similarly for
5 minutes. This enabled curves to be obtained on the one specimen as
if it had been subjected to three separate tests simultaneously—in
which the stress was increased at 1-, 5-, and 10-minute intervals,
respectively. It is, of course, possible that the curves obtained in this
way for the 1- and 5-minute intervals are affected slightly by the strain-
hardening due to the small amount of creep occurring during the
10-minute interval. A very interesting feature of the curves obtained
was that the return lines, while curved, were parallel for the three
rates of stressing. This appears to indicate that the curvature of the
unloading line is not a time effect; in other words, is not a phenomenon
connected with negative creep.
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E. Load-Extension Diagrams to Fracture.

Most of these tests were made at a slow rate on the 5-ton range of
the 20-ton Amsler machine. In a test on the Avery machine the
gauge-length, 2 in., was marked on the specimen using small centre
punch marks, and the machine was operated at its lowest speed.
Dividers were set to 2-05 in., and when the gauge-length had extended
to this amount the load was read off the beam and the time noted. The
dividers were now set to 2-10 in., and the load corresponding to this
gauge-length noted as before. This process was continued until just
past the maximum load. It should be noted that the pulling of the
specimen was continuous, not a series of steps, movement of the poise
on the beam being stopped only for the short time necessary to read the
load.

In the case of the tests on the Amsler machine, the gauge-length
was measured by dividers at intervals of time, and the corresponding
loads noted.

In each case the rate of testing (given in the tables) was calculated
by dividing the final extension per in. of original gauge-length at
fracture by the time taken for the test.

I1l. Results of the Tests.

The results of the tests are given in Tables I-XVII, and typical
stress-strain curves obtained are illustrated in Figs. 1 and 2.

A. Gold.

(1) Annealed {as received) material (Table 1).—None of the specimens
gave a limit of proportionality, but from the figures given in Table |
for strain at maximum stress applied in the test and for permanent
strain it would appear that there was some variation in initial condition
of the specimens, although they were received in a nominally fully-
annealed condition.

(2) Effect of overstrain on the annealed material (Table 17).—The
overstrain in these tests was produced by pulling the specimens in the
testing machine until the gauge-length had increased by the desired
amount. The effect of 5 per cent, overstrain was to give the material
a definite limit of proportionality of D3 ton/in.2 and a 001 per cent,
proof stress of 36 tons/in.2, the value of Young’s modulus being
10-3 X 106 1b./in.2 8

(3) Effect of heat-treatment after 5 per cent, overstrain (Table 11).—
The effect of heat-treatment following 5 per cent, overstrain is set out
in Table Il, from which it is seen that annealing at 200° and 300° C.
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reduced the limit of proportionality and the proof stress but increased
the modulus.

%) Effect of speed of testing on ultimate tensile strength and elongation
of annealed specimens.—The results of these tests are given in Table 111,
where it is seen that reducing the speed of testing causes a reduction in
ultimate tensile strength.

Fio. 1.—Typical Stress-Strain Curves for Silver and Gold.

Curve 1. Silver specimen No. 3, annealed (as received). Curves for 0-1 and 0-01
ton/in.2/minute rates of stressing.

Curve 2. Silver specimen No. 3, annealed (as received) + 5 per cent, tensile
overstrain. . . .

Curve 3. Silver specimen No. 3, annealed (as received) + 5 per cent, tensile
overstrain + J hr. at 350° C. .

Curve 4. Gold specimen No. 4, annealed (as received). Curves tor o-1 and u-ul
ton/in.2/minute rates of stressing.

Curve 5. Gold specimen No. 4, annealed (as received) + 5 per cent, tensile
overstrain. . . .

Curve 6. Gold specimen No. 5, annealed (as received) + 5 per cent, tensile
overstrain -f- / hr. at 300° C.

5) Effect of overstrain and heat-treatment on the ultimate tensile
strength and elongation (Table 1V ).—The effect of 5 per cent, tensile
overstrain was to increase the ultimate tensile strength slightly and to
reduce the elongation slightly. The effect of 5 per cent, overstrain
followed by treatment for J hr. at 200° C. was to give a further increase
in the ultimate tensile strength, the effect on the elongation being very

slight.
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B. Silver.

Q) Annealed (as received) material (Table V).—Extensometer tests
made on “as received” specimens showed some variation. Two
of the specimens gave a possible small limit of proportionality, while
the other four gave no proportionality of stress to strain. As in the case

Fiu. 2.—Typical Stress-Strain Curves for Oxygen-Free Copper.

Curve 1. Hard-rolled and annealed 1 hr. at 500° C. (Specimen No. 15.)

Curve 2. Hard-rolled, annealed 1 hr. at 500° C. + 5 per cent, tensile overstrain.
(Specimen No. 1)

Curve 3. Hard-rolled, annealed 1 hr. at 500° C. + 5 per cent, tensile overstrain +
1 hr. at 200° C. (Specimen No. 3.)

Curve 4. Hard-rolled, annealed 1 hr. at 500° C. + 5 per cent, tensile overstrain +
1 hr. at 400° C. (Specimen No. 5.)

Curve 5. Hard-rolled, annealed 1 hr. at 500° C. + 5 per cent, tensile overstrain +
1hr. at 500° C. (Specimen No. 6.)

Curve 6. Hard-rolled, annealed 1 hr. at 500° C. + 15 per cent, tensile overstrain +
1hr. at 500° C. (Specimen No. 13.)

of the gold specimens, the greatest differences between the specimens
were shown by the strain at 1 ton/in.2 and the permanent set. From
the results of the tests it would appear that the final heat-treatment
of 10 minutes at 500° C. given by the makers did not produce material
in the fully-annealed condition, this treatment being insufficient
completely to remove all effect of the slight overstrain, which may have
occurred in machining. To investigate this matter further, specimen

No. 2 was given two further treatments, first 1 hr. at 500° C., and
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secondly 1 hr. at 700° C. The first treatment failed to remove the small
limit of proportionality induced by the overstrain produced in the
initial testing, while the second treatment appeared to produce full
annealing.

(2) Effect ofoverstrain on the annealed (as received) material (Table VI).
—The effect of 5 per cent, overstrain was to give the material a limit of
proportionality of the order of 1J tons/in.2 a OOl per cent, proof stress
of 3| tons/in.2, and a Young’s modulus of 10'l X 106 Ib./in.2.

(3) Effect of heat-treatment after 5 per cent, overstrain (Table VII).—
After 5 per cent, overstrain J hr. at 200° C. had little effect on the limit
of proportionality and left the value of E unaltered, while J hr. at 350° C.
decreased the limit of proportionality and increased E slightly. A
specimen which had been overstrained 5 per cent, in tension and
subsequently heated for 1 hr. at 700° C. still gave a small limit of
proportionality on the stress-strain diagram, with the much higher
value of E = 1T3 X 106 1b./in.2

(4) Effect of speed of testing on the ultimate tensile strength and
elongation of annealed specimens (Table VII11).—The effect of reducing
the speed of testing was to reduce the ultimate tensile strength slightly.

C. Oxygen-Free Copper.

(1) Effect of annealing the (as received) hard material.—The results
of different annealing treatments are given in Table I1X. Annealing
for 1 hr. at 500° C., although giving material which would be considered
as fully annealed, did not completely remove all traces of elasticity,
and it was possible to determine the value of Young’s modulus after
this treatment. Annealing the material for \ hr. at 650° C. did not
appear to produce any further annealing effect. The effect of a treat-
ment of 1 hr. at 200° C. was to increase the limit of proportionality and
the proof stress of the “ as received ” material. It may be noted that
the effect of the higher temperatures of annealing was to produce a
decrease in the value of the modulus.

(2) Effect of overstrain on the annealed material.—The annealed
material was that which had received 1 hr. at 500° C., and the results
of the overstrain tests are shown in Table X. The effect of 5 per cent,
overstrain was to give the material a definite limit of proportionality
of the order of 25 tons/in.2 and a proof stress of the order of 55-
6 tons/in.2. An overstrain of 10 per cent, gave a slightly lower limit
of proportionality but a high proof stress of the order of 8 tons/in.2
An overstrain of 15 per cent, gave a limit of proportionality of 2tons/in.2
and a proof stress of about 8'4 tons/in.2, a value higher than that of the

original hard material. The effect of overstrain on Young’s modulus
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may be noted : the original material in the hard condition had a value
of E of 18’3 X 1061b./in.2, while for the annealed material, overstrained
5 per cent., E was 157 X 1061b./in.2. Overstrain of 10 and 15 per cent,
gave values of E of 16'5 X 106 Ib./in.2 and 17'5 X 106 Ib./in.2,
respectively. The value for the fully-annealed material could not be
directly determined, but from the evidence given by specimens 15 and
16 in Table IX, it is of the order of 17'5 to 18 X 108 Ib./in.2. The
results seem to point to the conclusion that a small amount of overstrain
produces a considerable decrease in the value of Young’s modulus, while
a larger overstrain gives a value which is higher than that produced by
the small overstrain but lower than that of the annealed material. This,
it should be noted, is in complete agreement with the results of Kawai,6
who showed that for copper with increasing amounts of cold-work
produced by stretching, the value of E at first decreased, reached a
minimum at approximately 5 per cent, elongation and then increased
again.

(3) Effect of heat-treatment after overstrain.—The effect of heat-
treatment after overstrain is shown in Table XI. The effect after
5 per cent, overstrain may be summarized as follows :

(@) Limit of proportionality.—Treatments for 1 hr. at various
temperatures up to 500° C. produced at first a slight increase,
followed by a gradual decrease of the limit with increasing
temperature of treatment. Treatment for 1 hr. at 500° C.
left a limit of about 1I'0O ton/in.2.

(b) Proofstress.—The changes in proof stress corresponded with the
changes in the limit of proportionality.

(¢) Young’s modulus.—Treatments for 1 hr. at 100°, 200°, and
300° C. produced little effect on the modulus, but such effect
as there was appeared to indicate a definite small increase;
while treatments for 1 hr. at 400° and 500° C. produced a
further and decided increase.

The effects of treatments for 1 hr. at various temperatures up to
500° C. after 15 per cent, overstrain was to decrease gradually the limit
of proportionality, the last treatment removing all traces of pro-
portionality of stress to strain. The value of Young’s modulus was
again increased by increasing temperature of treatment.

(4) Load-extension diagrams to fracture.—The results of the tests
on the copper specimens are given in Table XIII, and typical curves
of stress and extension are shown for this material (and also for the gold
and silver) in Fig. 3. It should be noted that, in accordance with usual
practice, in these curves the stress in each case is the load divided by

the area of cross-section of the specimen at the commencement of the
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test, in other words the “ nominal stress.” Attention may be directed
to the tendency for slight increase of the ultimate tensile strength by
low-temperature annealing after the 5 per cent, overstrain in the copper
specimens.

The load-extension curves for the materials in the fully-annealed
condition have been re-plotted as curves of true stress and strain, the

Curve. 1. Oxygen-free copper specimen. Hard rolled and annealed J hr. at
650° C.

Curve 2.  Silver specimen. Annealed (as received).

Curve 3. Gold specimen. Annealed (as received).

Curve 4. Oxygen-free copper specimen. Hard rolled, annealed £ hr. at 650°C. +
5 per cent, tensile overstrain + 2 hrs. at 350° C.

Curve 5.  Gold specimen. Annealed (as received) -5 per cent, tensile over-
strain -~ | hr. at 200° C.

cross-sectional area of the specimen at any extension being determined
by assuming constant volume of the gauge-length portion of the
specimen. Attempts have been made in the manner indicated by
G. |. Taylor 9to determine suitable parabolas to fit these curves, but
no true fits were obtained. The equations of the parabolas which fitted
the curves best in the region of (H-0"2 strain were as follows, S being

the stress in tons per sq. in. and s the strain. _Ifz\o
Pure gold . S = 19T t/s
Pure silver . . S =194 Vs (POLITECHNIK!
Oxygen-free copper . S = 336 Vs \ r\ /

D. High-Purity Silver-Free Copper Containing 0016 Per Cent.
Oxygen.

(1) Effect of annealing the (as received) hard material (Table X 1V ).—
The effect of annealing the “ as received ” material at 500° or 600° C.
was to remove completely all traces of proportionality of stress to

strain. The effect of heat-treatment of the “ as received ” material
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for 1 hr. at 200° C. was to reduce the limit of proportionality from about
2to 1'27 tons/in.2, the proof stress from 9 to 7 tons/in.2, and to increase
the modulus very slightly.

(2) Effect of overstrain on annealed material (Table XV).—The
effect of 5 per cent, overstrain on the annealed material was to give it
a limit of proportionality of 1 to 1'25 tons/in.2 and a modulus of
16‘6 X 106 Ib./in.2, compared with 19’9 X 10® Ib./in.2 in the original
material in the hard state. The effect of 15 per cent, overstrain on the
annealed material was to give a limit of proportionality of T4 tons/in.2
and a modulus of 18T X 106 1b./in.2.

(3) Effect of heat-treatment after 5 'per cent, overstrain (Table XV 1).—
The effect of heat-treatment at 200° C. after 5 per cent, overstrain was
to increase slightly the limit of proportionality and the Young’s modulus.
Treatments at 300° and 400° C. decreased the limit of proportionality
and increased the modulus, treatment at 500° C. removing all traces
of proportionality of stress to strain.

(4) Effect of heat-treatment on ultimate tensile strength (Table X V I1).—
The effect of overstraining the annealed material 5 per cent, was to
increase the ultimate tensile strength slightly, and annealing treatments
up to 400° C. did not reduce the value appreciably. 1 hr. at 500° C.,
however, caused a considerable reduction in ultimate tensile strength.
The effect of 15 per cent, overstrain on the annealed material was to
increase the ultimate tensile strength from 15 to 17'25 tons/in.2.

A large number of specimens broke at or close to the gauge-mark,
and consequently it is not possible to reach very definite conclusions
as to the effect of overstrain and heat-treatment on the elongation.

IV. Comparison of the Oxygen-Free and Oxygen-Containing

Coppers.

A. Elastic Properties.

In the annealed condition (up to 650° C.) the oxygen-free copper
tended to retain some small range of proportionality of stress to strain,
whereas the oxygen-containing copper showed no such range.

The effect of 5 per cent, overstrain in the case of the oxygen-free
copper was to give it a limit of proportionality of the order of 2-5 tons/in.2,
whereas in the case of the oxygen-containing copper the limit was only
of the order of 1 ton/in.2. On the other hand, the Young’s modulus
was higher in the case of the oxygen-containing copper than the oxygen-
free copper after this amount of overstrain. After 15 per cent,
overstrain, the oxygen-free copper had a limit of proportionality of

2 tons/in.2 and a modulus of 17’65 X 106 Ib./in.2, the corresponding
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figures for the oxygen-containing copper being 1-4 tons/in.2 and
18-1 X 106 Ib./in.2.

In both coppers heat-treatment following overstrain produced a
lowering in the limit of proportionality and an increase in the Young’s
modulus. In the case of the oxygen-free copper, however, treatment
for 1 hr. at 500° C. following 5 per cent, overstrain produced a limit of
proportionality of the order of 1 ton/in.2, whereas similar treatment
in the case of the oxygen-containing copper removed all traces of
proportionality of stress to strain.

B. Ultimate Tensile Strength.

In the fully-annealed condition the ultimate tensile strength of the
oxygen-containing copper was more than 1 ton/in.2 higher than that of
the oxygen-free copper, and throughout the various treatments this
difference in the strength was approximately maintained. It may be
noted that the reduction in area is greater for the oxygen-free than for
the oxygen-containing copper.

The effect of oxygen in slightly increasing the ultimate tensile
strength of copper is well known, but its effect on the elastic properties
of the copper has not been very fully investigated. In the present work
it is not clear, however, whether the superior elastic properties of the
oxygen-free copper are due to the absence of oxygen alone or in part to
the presence of the small amounts of other impurities, e.g. silver (0’003
per cent.).

Y. The Effect of Very Small Amounts of Overstrain.

The effect of a very small amount of overstrain on the stress-strain
characteristics of the materials tested has been considered for the two
cases :

(1) When the specimen is re-tested without any intermediate
treatment.
(2) When the specimen is re-tested after treatment.

In the case of the oxygen-free copper the results of some tests are
given in Table X1, and from these it will be seen that the application
of a very small overstrain produced a considerable increase in the
limit of proportionality. If such overstrain is now followed by a heat-
treatment at 500° or 600° C., the limit of proportionality is reduced but
is still higher than the original limit. The effect on the modulus is

the reverse, the small overstrain producing a small, but apparently
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definite, decrease of the value of E, which is more or less completely
restored by the subsequent heat-treatment.

A specimen of gold in the “ as received ” annealed condition which
had been slightly overstrained to the extent of O'147 per cent., and then
heat-treated for 10 minutes at 500° C., had a limit of proportionality
of 0-4 ton/in.2, the value of E being 107 X 10« Ib./in.2. A similar
silver specimen which had been overstrained 0-0368 per cent, and heated
for 1 hr. at 500° C. gave a limit of proportionality of 04 ton/in.2and a
Young’s modulus (E) of 10'7 x 10®1b./in.2.

These results illustrate the importance of slight overstrains in their
effect on the stress-strain characteristics and also the retention of some
of the effects of the overstrain after treatment at comparatively high
temperatures.
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Table 1—Gold.

; Bate of
Spe&lmen Stressing,
0. Tons/in.2Zminute.

1 0-6
2 01
6 0-1
3 001
4 0-01
5 001

Table Il—Gold.

APPENDIX.

Properties of Annealed (As Received) Material
(Extensometer Tests).

Limit of Pro- Maximum Strain x 101 Permanent
tionality, ~ Stress Applied, at Maximum f *
P%:%?ﬁ].'a}’ T(S)?]S/ﬁle Stress, Strain, x 10*.
nil 10 30-20 28-4
nil 0-8 22-40 20-80
nil 10 18-30 16-32
nil 0-8 16-30 14-70
nil 101 8-98 6-90
nil 10 26-14 24-10

Effect of Heat-Treatment after 5 per Cent. Over-
strain (Extensometer Tests).

Speci I'_Dimit of OP-Ol"/fo '\\l(logn?’s Meé)tdmum S'Elr&ilnt Per- .

- - odulus, ress X at  manen

men  Heat-Treatment. tiorr?eﬂ?tr)/, Strr?egs, Lb-/in 2 Applied, Maximum  Strain,
Ho. Tons/in.2. Tons/in.2 106 Tons/in.2.  Stress. X 104.
4 1-30 3-60 10-3 403 10-36 112
6 i hr. at *200° C. 0-75 2-65 10-7 3-365 9-02 1-40
5 \ hr. at 300° C. 0-60 2-85 11-3 4-045 12-60 3-40
Table Il11.—Gold. Effect of Speed of Testing (Tests to Fracture).

. Rate of Ultimate . .
Speci- H H Elongation, Reduction
hen Condition. F;g”/'ir:]% S'lrreer;]sﬂt% on2in., in Area,
No. minute. Tons/gln.i Per Cent. Per Cent.
1 Annealed as received 0-05 7-89 73 90
2 0-05 7-88 72-5 90

0-009 7-56 68 92

+ 10 minutes at 500° C.

Table IV.—Gold.

Effect of Overstrain and Heat-Treatment (Tests

to Fracture) Rate of Pulling in all tests 0"05 in./in./minute.

Ulti-  Elonga- Reduc-
Speci- mate tion, tionin
men Condition. Tensile on 2 Area,
No. Strength, in., Per  Per
Tons/in.2 Cent.  Cent.

1 Annealedasreceived . . . . . 7-89 73 90

4 " " ., + b5 percent, tensile overstrain  7-97 65 87
6 » » . -f- 5 percent, tensile overstrain  8-20 64-5 93-5

+ i hr. at 200° C.
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Table V.—Silver.

Stress-Strain

(Extensometer Tests).

Rate of Limit

: Stres-
Speci- H
r?]en Condition. -Sr'gg}
No. in.2

minute.
1 Annealed as received 0-1
5 99 99 99 01
6 % % % 01
2 Annealed as received 0-01
3 » » » 0-01
4 % % % 001
2 1 hour at 500° C. 0-01
2 1 hour at 700° C. 001

Table VI.—Silver.

Maxi-

. Strain
0-01% Young’s mum

pocfr'tpiroor{- p,—oo? Modg- Stress Xa%ﬂ*
ality,  Stress, lus, AP Maxi-
Tors) Tons/ Lb./in.2 plied, mum

in2 N2 106 -Egr]f/ Stress.

K 0-7 103 10 1416

nil 10 11-50
0-3 065 111 10 2202
il 10 576
nil 10 842
nil 10 528
0-4 0-9 10-7 10 3-70
nil 10 23-38

Material (Extensometer Tests).

. Limitof Pro- 0-01% Proof
Spe'\c‘gnen portionality, Stress,
: Tons/in.2. Tons/in.2
2 1-90 3-70
3 1-30 3-30

Table VII.—Silver.

Maximum Strain

Properties of Annealed (As Received) Material

Per-
manent
Strain,

X 10*.

12-06
9-40
19-90

3-68
6-40
3-30

1-70
21-40

Effect of 5 per Gent. Overstrain on Annealed

Young’s
l\lilgd/glgug, Strless(,j x 104at  Permanent
Jin. Applied, Maximum ]
10« Toﬁg/in.z Stress. X 104
101 3-76 912 0-80
10-1 3-76 1000 1-34

Overstrain (Extensometer Tests).

Effect of Heat-Treatment after 5 per Cent.

Speci- Limitof  0-01% Younlg’s Maximum Strain Per-
r?]en Heat- Propor- Proof  Modulus, Stress X 104at  manent
No Treatment. tionality, Stress, Lb./in.2 Applied, ~Maximum  Strain,

' Tons/in.2 Tons/in.*. T 10«  Tons/in.8 Stress. x 104.
2 \ hr. at 200° C. 1-80 3-5 101 3-34 7-70 0-48
2\ hr.at 350° C. 1-20 3-15 10-3 3-76 11-24 2-62
5 1hr. at 700° C. 0-30 0-5 11-3 0-63 6-12 5-02
Table VIII.—Silver. Effect of Speed of Testing (Tests to Fracture).

Speci- Rate of L_JI_Itim_elite Elongation on  Reduction
men Condition. Pulling, Stfennmt% in., Per in Area,
No. In./in./minute. Tons/?n.é. Cent. Per Cent.

1 Annealed as received 0-05 9-61 65 91-5
4 9 9 % 0-01 9-19 60 90
6 0-01 9-16 67-5 91
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Table IX.—Oxygen-Free Copper. Effect of Annealing (Extensometer

Tests).

g I s

] 53w =S £ =1
2 F24 8 o M B S8 ux
s Condition. wEE & ;5 033 59 xx. 2
g 23S 247 S0 B¢
g £8P 85° 233 Z8° Sed g5
0  Asreceived (hard) 2-2 81 183 80 10-4  0-62
14 , + 1hr. at 200° C. 34 9-0 187 92 11-78 0-55
0-2 . + lhr.at500°C.AC. 06 14 153 2-0 7-80 5-26
0-3 . + lhr.ates50°C.AC. 06 13 157 2-0 7-40 5-00
7 ., + lhr.at500°C.F.C. 06 14 164 20 6-85 4-58
15 " ., 4-1hr. at500°C.F.C. 03 15 173 16 3-36  1-20
16 . + 4hr.at650°C.F.Cc. 0-37 148 179 1-625 3-40 1-40

A.C. = Air-cooled. F.C. = Furnace cooled.

Table X.—Oxygen-Free Copper. Effect of Overstrain on Material
Annealed 1 Hr. at 500° C.F.C. (Extensometer Tests).

B Limit of 0-01% Young’s Maximum Strain Per-
Srggﬁ" (')A\;Te]?sl:patigf Plrrgpl)o?- groof0 I\III_%d/uﬁJsz AStrF'Sfj MX 104at rréangnt
'+ tionality, tress, in. ied, aximum train,
No.  Per Cent. -Hg,r,]:/i'n)fz_ Tons/in.2. = 10« To’?lps/in.z. Stress. X 10*,
1 5 2-64 5-7 15-8 6-08 9-60 1-20
17 5 2-20 5-95 15-7 600 9-20 0-68
8 10 2-16 7-9 16-5 9-54 14-32 1-06
9 15 2-00 8-4 17-7 10-20 14-42 0-78

Table X1.—Oxygen-Free Copper. Effect of Heat-Treatment after
Overstrain (Extensometer Tests).

_ i g & g
g = oz s 173 3E o
R aZ o o Gey S TE 5>

= S o Heat-Treatment. wc£ o £ »w3 2 £3E X% 2
2 EPO 2% 2 23= g=@ $2 s
5 8%, £E5s 885 585 85 §°& ES
& Eoé S8 g8k £30 §<|— Suk fatz

5 2-42 5-8 15-7

2 5 1lhr.at 100°C. 2-62 6-1 16-2 6-84 10-76 1-44
3 5 1hr.at200°C. 2-44 5-7 16-2 6-49 10-12 1-16
4 5 1lhr.at300°C. 1-80 5-2 16-5 6-04 9-94 1-76
5 5 lhr. at 400°C. 1-80 5-1 17-3 6-42 12-42 3-58
6 5 1hr.at 500° C.  1-00 4-7 17-8 5-62 10-00 2-22
24 5 lhr.at500°C. 0-73 4-2 18-2 5-36 12-32 4-42
9 15 2-00 8-4 17-7 10-20 14-42 0-78
12 15 I hr.at 200°C. 1-88 8-5 17-7 9-36 13-04 0-64
18 15 1hr.at 300°C. 1-55 7-2 17-9 8-82 12-32 0-56
19 15 1lhr.at400°C. 0-88 6-2 18-5 8-76 12-46 0-70
13 15 1hr. at 500° C. nil 1-975 5-88 3-60
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Table XI11.—Oxygen-Free Copper.

McKeown and Hudson :

of Overstrain (Extensometer Tests).

Stress-Strain

Young’s
Modulus,
Lb./in.8
H 10«

18-4
17-7
18-3
17-3
18-1
17-6

Elonga-

tion, on

2in., Per
Cent.

29
28-5

58-5
60
59
60-5
63
61

54
46

Speci- Limit of
men Overstrain, Per Cent. Trg%tggln;i%ﬂer tﬁ)rﬁgl?{y
No. Tons/in'8
20 nil nil 0-37

0033 nil 1-24
00358 1 hr. at 500° C. 0-62
0-0358 + 0-0412 nil 1-03
0-0358 + 0-0452 1lhr. at 600° C. 0-54
0-0358 + 0-0452 + 0-0420 nil 0-86
Table XII1.—Oxygen-Free Copper.
Treatment (Tests to Fracture).
(Rate of Pulling in all Tests 0-05 in./in./minute.)
. Ultimate
Sr?]%ﬂ Condition. S{,-ee"nsé I[?]
No. Tons/in.8
As received . . 18-5
14  1hr. at 200° C. F.C 18-2
7 1lhr.at 500° C. F.C.. 13-65
15 1hr.at 500° C. F.C. 13-73
10 \ hr. at 650° C. F.C.. 13-68
16 1hr. at 650° C. F.C 13-76
1 1lhr.at500°C. F.C. + 5 per cent, overstrain 14-15
17 1hr. at 500° C. F.C. 4 5 per cent, overstrain  13-82
2 | hr.at 500° C. F.C. -j- 5 per cent, overstrain
+ 1 hr. at 100° Cu.ocevereeeereere e 14-47
3 1hr.at500° C. F.C. + 5 per cent, overstrain
+ 1 hr. at 200° C..ooveeveveececee e 14-55
4 1hr.at 500° C. F.C. 4 5 per cent, overstrain
+ 1hr. at 300° C. 14-40
5 1hr.at500°C.F.C.4 5 per cent overstrain
4 1hr. at 400° C..ooovvveerecerereese e 14-25
6 1hr.at 500° C. F.C. 4 5 per cent, overstrain
+ 1hr. at 500° C. . . 14-48
22 lhr.at500°C.F.C.4 5 per cent overstrain
4 1hr. at 500° C. . . 14-3
8 1hr.at500° C.F.C. 4 10 per cent overstrain 14-75
9 1lhr.at500°C.F.C. ) 15per cent, overstrain  15-43
12 1hr.at 500° C. F.C. -j- 15 per cent, overstrain
4 1hr. at 200° C...ooevvreerreiceeneceeereese s 15-72
18 1lhr.at500°C.F.C. 4 15per cent, overstrain
4 1hr. at 300° C..ooevveereericeesecee e 15-18
19 1 hr. at 500° C. F.C. 4 15 per cent, overstrain
1hr. at 400° C. 14-80
13 1 hr. at 500° C.F.C. 4 15 per cent overstrain
4 1 hr. at 500° C..oooovrveerercrnereereiceeese e 13-70

* Broke at gauge-mark.
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Effect of Very Small Amounts

Per-
manent
Set, Per

Cent.

0-033

0-0358
0-0412
0-0452
0-0420
0-0468

Effect of Overstrain and Heat-

Reduction
in Area,
Per
Cent.

85-5
86
86
90
88-5
90
87
88

85-5
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Table XIV — Oxygen-Containing Copper of Very High Purity.

Effect of Annealing (Extensometer Tests).

g 3 =
5 > “— — = <
g%‘\! 8 8 4y gly Tt

E5° 83° 333 3520 533
As received . . . . 1-97 92 199 12-5 15-84
” + 1 hr.at 200° C. l-_27 6-9 20-4 9-07 10-92
” n -(-1 hr. at 500° C. F.C. nil 2-68  8-48
nil 1-21  4-00
7 » 4-1 hr. at 600° C. F.C. nil 2-98  5-17

Table XV.—Oxygen-Containing Copper. Effect of Overstrain

Specimen  No.

~

=
=

13

Table XVI.—Oxygen-Containing Copper.

© Specimen No.

Annealed Material (Extensometer Tests).

o 3 8
5> — = <
55, E%«! g o urh 8o SE

Annealing Treatment. 58 ©S& & £ M2 2,5 *Eg
S50 o2z L Yed S82 g3
géé& 5&3 85  i8»S 3 £20
5 1-0 16-6 2-46 3-30
5 1-04 4-65 17-0 6-35 10-52
5 1-27 63 16-7 7-25 12-04
1 hr. at 500° C. 15 1-40 6-6 18-1 897 12-92

after 5 per Cent. Overstrain (Extensometer Tests).

. o 8 3

$248 o ¢ B
Annealing Treatment.  Heat-Treatment. 5E = g b %’% E .= ¥Eg
52 528 07 5E2 55:
=ak gun— SoF ﬁE 17}
1-04 4-65 17-0 6-35 10-52
1hr. at 200° C. 1-25 4-46 176 6-0 9-46
1hr. at 300° C. 0-90 4-25 186 6-28 10-52
1hr. at 400° C. 0-30 161 184 2-15 4-96
1lhr. at 500° C. nil 2-46  3-30
» 500° C. . 1lhr.at300°C. 091 4-50 17-8 6-38 10-70
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Table XVII.—Oxygen-Containing Copper.

11
12
13

Stress-Strain Characteristics

(Rate of Pulling in all Tests 0-05 in./in./minute.)

Condition.

As received (hard) . . . .

. -f 1hr. at200°C.

” " . -]- 1hr.at500°C. F.C.

99 99 99 9 99 1"

600° C.

Asreceived  1hr.at 600° C.F.C. + 5 per
cent, overstrain .

As received -+~ 1 hr. at 600° C. F.C. + 5 per
cent, overstrain + 1 hr. at 200° C.

As received + 1hr. at 600° C. F.C. -f 5 per
cent. overstrain + 1hr. at 300° C.

As received + 1hr. at 600° C. F.C. - 5 per
cent, overstrain + 1 hr. at 400° C.

As received f- 1 hr. at 600° C. F.C. -|- 5 per
cent. overstrain -f- 1 hr. at 500° C.

As received -+ 1 hr. at 500° C. F.C. + 5 per
cent, overstrain .

As received + 1hr. at 500° C. F.C. + 5 per
cent, overstrain -+ 1 hr. at 300° C.

Asreceived + 1hr.at500° C.F.C. + 15 per
cent, overstrain

* Fractured at gauge-mark.
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Ultimate
Tensile

Strength,
Ton/in.3.

23-8
23-6
150
150
15-05
15-55
15-6
15-5
15-4
13-8
15-75
15-8

17-25

Elonga-

tion, on 2
in., Per
Cent.

*

9t
50-5
43f
42-5
38f

40-5

22

(Tests to Fracture.)

Beduc-
tion in
Area, Per
Cent.

58-5
64-7
83-6
80-5
83-3

7

79-2

f Fractured close to gauge-mark.
F.C.—Furnace cooled.
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THE ESTIMATION OF GRAIN-SIZE IN THE
REGION ABOVE 10* CM.*

By R. A. STEPHEN,t M.Sc.,, Member, and R. J. BARNES,f Ph.D.

Synopsis.

X-ray methods proposed for determining grain-sizes above 1CT3 cm.
are critically examined. It is shown that to be generally applied in
practice any such method must use the same specimens as are used by the
metallurgist for microscopic examination. This necessitates the use of
back reflection photographs, except in the case of thin sheets.

A new method for determining a value for average grain-size solely
from X-ray results is described.

An empirical method too is considered for determining average sizes
from a graph. The graph is derived from plotting spots on a given (hlcl)
reflection against the grain-size of standard specimens.

Introductory.

As the ordinary method of grain counting is tedious and cannot as a
rule be applied non-destructively, the authors undertook an investiga-
tion into an alternative method of grain-size determination, particularly
as the control of grain-size is becoming of more importance in metal-
lurgical practice. Perusal of the literature showed that various claims
in connection with X-ray diffraction methods have been put forward
from time to time. These methods have not been applied in industry
to any extent, and it was decided, therefore, to examine critically
their practical or theoretical disadvantages; these are not always
apparent from the opinions expressed in the papers themselves.

Czochalski took Laue photographs through thin specimens, and a
qualitative idea of the grain-size was obtained by comparison with
pictures of standard specimens. The Laue method cannot be applied
generally, except in the case of thin sheet work. It is, too, a qualitative
test, and investigation on the counting of spots shows that the method
is very difficult to apply quantitatively. The Laue method cannot
be regarded, therefore, as practicable for general use.

The diffraction lines in a powder photograph with a grain-size
above Kb3 cm. become spotted, i.e. individual reflections can be sorted

* Manuscript received August 10, 1936.
f X-ray Service Laboratory, Philips Lamps, Limited, London.

Note to Abstractors and Other Readers.—This paper will be published, in
permanent form, in the Journal of the Institute of Metals, Vol. LX, 1937.
Reference should accordingly be as follows: J. Inst. Metals, 1937, 60 (Advance
copy).
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out. Glocker 1 published details in which the sizes of the spots were
shown to be proportional to the grain-size, and this was elaborated by
Clark and Zimmer.2 This involves measuring the size of diffraction
spots a difficult task; in fact, it is more tedious than ordinary grain
counting with the microscope. It also seems open to objection on
the grounds that grains of equal size are not necessarily equally im-
perfect. This method, too, cannot be considered to be of great utility,
except for noting variations of grain-size in the area examined.

Recently Shdanow3 has published a paper describing another
method, which at first sight appears to be more promising. This is
based on rather a different view-point; if a large number of crystals
are arranged at random and are irradiated by monochromatic X-rays,
a certain proportion will be in a position to reflect in accordance with
the Bragg law. From the number of reflections, knowing the dimen-
sions of the camera and pinhole system, it is possible to calculate the
number of grains irradiated. Since the volume irradiated is known,
the grain-size can be deduced. The authors again used thin slips,
i.e. transmission pictures; it appears that this was done to arrive at
an accurate knowledge of the volume irradiated. This method,
although theoretically sound, must be rejected in practice on the grounds
that transmission pictures necessitate thin slips, and as monochromatic
radiation must be used, the exposures are long. The present authors
have endeavoured to extend this treatment to reflection pictures.

Short references have been published by the National Physical
Laboratory on X-ray methods of determining grain-size, which appear
to rest on a similar argument, but in which reflection pictures are
obtained. This, of course, is much better, for in practice much shorter
exposures result, and the method is non-destructive. A paper dealing
with this subject has not apparently been published.

The present authors have been studying this question for some time,
and during this period these latter references have appeared. The
reflection technique was considered. During the theoretical treat-
ment many difficulties arose in arriving at a rigid formula to be applied
quantitatively. To obtain a relation for relative grain-sizes at first
appeared easy, but a closer examination showed that it is very difficult
to derive a satisfactory relation between grain-size and the number of
spots to be used as a basis for relative grain-size determination. A
fairly simple method for determining the absolute grain-size of a specimen
was evolved.

In Part I of this paper this new method for determining an absolute
value for the mean grain-size by X-rays is described. The X-ray
data for grain-sizes of samples of aluminium are compared with the

microscopic measurements of grain-sizes of the same specimens.
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Grain-Size in the Region above 10‘3 cm.

In Part Il the determination of relative grain-sizes is considered,
and the difficulties in arriving at a rigid expression are discussed. The
numbers of spots which can be counted on reflection photographs are
plotted against the actual grain-sizes of samples, and a smooth curve
obtained. Such a method once standardized can be applied in practice
in a simple way, and seems to be less laborious than ordinary grain
counting by the microscope. The same photographs, too, yield infor-
mation on recrystallization, release from internal strain or directionality
—information which cannot be obtained by ordinary metallurgical
examination.

Part 1.
Theoretical.

In this the derivation of the formula relating grain-size to the number
of spots in a definite (MI) line for a definite grain-size is given for a
back reflection picture.

If a specimen consisting of a large number of small crystals orientated
at random be irradiated by a fine pencil of monochromatic X-rays,
then, in general, some of the crystals will be so oriented that they give
a certain (MI) reflection in accordance with the Bragg law. If the
geometrical conditions are chosen correctly, there will, in general, be
one spot on the photographic film corresponding to one grain,* and so
the number of spots will determine the number of crystals in a position
to give this particular (MI) reflection. For certain experimental
conditions one can calculate the probability that a single crystal will
be in a position to give this (MI) reflection. Combining this proba-
bility factor with the number of spots observed on the film for this
reflection, it is possible to deduce the total number of grains irradiated.
If, therefore, for the same set of experimental conditions the volume of
the specimen irradiated is known, the grain-size can be determined.

The calculation of the factor F, expressing the probability of re-
flection, is for the usual way of taking powder photographs impossible.
Shdanow3 determined this graphically, and took into account the
size of the focus of the X-ray tube used and the usual haphazard
geometry of the normal pinhole system. This author discussed the
general case and mentioned the simplification which results from a long
or narrow diaphragm, a method which the present authors use. The
use of a long pinhole system whose dimensions and position with respect
to the focus of the X-ray tube are such that it is completely filled
with X-radiation, simplifies the mathematics and renders easy the
calculation of F. Shdanow still utilized the transmission through a

* It is possible to get two spots from one grain if the divergency of the primary
beam be large enough.
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thin specimen,a method whichhas been discarded by the present
authors for the reasons previously given, i.e. long exposures and rarely
applicable in practice.

In Fig. 1 SS is a pinhole system of diameter a placed in such a
position with respect to the focus of the X-ray tube that it is completely
filled with radiation. CC is the specimen with its plane face per-

pendicular to the incident rays
at a distance D from the front
of the diaphragm.
Let P be that part of the
specimen contained within a
I cylinder co-axial with the dia-
| phragm, of diameter a and
depth d, where d is the effective
depth to which the X-rays pene-
trate the specimen.*
Thereisincidentatanypoint
A in P a solid circular cone of
rays defined by the front open-
ing of the diaphragm and the
point A ; and since d and a are
small compared with D the cone can be regarded as right-angled and
constant whenever A may be in P. With A as centre, construct a
reference sphere of radius D. Let AK be any one of the cone
of rays incident at A, let AN be the normal to a set of planes in
a crystal at A, and let NL be the normal from N to the ray AK. If
angle KAN = (90° — 0), where 0 is the glancing angle of reflection,
then a reflection will result, hence if N fall on a circle with NL = D
sin (90° — 0) as radius, a reflection of the ray AK will occur. Similarly,
for any other ray of the cone to be reflected N must lie on the appropriate
circle. The envelope of these circles is a belt of area 24D sin (90° — 0)a
around the sphere, so that the probability that this set of planes will
reflect one of the rays of the cone is

area of belt
area of surface of sphere
1e p _ 2nD sin (90° — 8)a acos 0
iizD2 ~ 2D '

* The actual estimation of d is not easy; it may be regarded, however, as that
depth beyond which any grain gives a reflection so weak that it cannot be seen
on the film by visual observation. This distance d depends on the grain-size,
i.e. it is possible for a large grain at average depth d below the surface to give a
just visible spot, whereas a small grain at average depth d would give a spot which
would not be visible owing to its lesser intensity. Tor one particular grain-size
and for a definite time of exposure, d can be regarded as a constant.
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Grain-Size in the Region above 103cm.

If there are N grains in P, then the probable number of reflections
from a given plane from the grains in P is

N cos Qa
2D

Let Y be the number of spots for a given (hid) reflection coming from

the grains in zone P.

m, Nj cos 0a
Then * = 277-

Wherej is the number of planes in the particular form.

_ 2DY
~jacoso

y
If V is the volume of zone P the volume of 1 grain = * and the
mean length of the grain edge, G, is given by

Vja cos 0

S u

In the foregoing we have dealt with the central zone P alone, which
is easily amenable to mathematical analysis.

With the experimental conditions as depicted in Fig. 1 a limited
part, Q, of the specimen lying outside P is irradiated by the more
oblique rays passing through the diaphragm, and so Q will also produce
spots corresponding to this (hkl) reflection. A little consideration
will show that the pencil of rays incident at any point in Q not only
varies the further remote the point is from P, but also is of such shape
that the factor F expressing the probability of reflection cannot be
rigidly calculated. Shdanow used a graphical method to determine F
for this zone.

If now the diaphragm is long enough to come practically to the
front surface of the specimen, the outer zone Q becomes very small
and can be neglected. This is only the case either for a long diaphragm
or if a circular “ stop ” of diameter a is placed concentric with the axis
of the diaphragm so that only reflections from P are allowed to register
on the film. In the experimental portion to follow the long diaphragm
has been mainly used.

Considering expression (1), we find that it is required to know V.

Now V is equal to X d (the effective depth). Unfortunately d is

not constant, but varies with the grain-size. This introduces the
difficulty in deriving a rigid mathematical formula applicable to
reflection pictures for different grain-sizes.
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For one particular grain-size, however, and a constant exposure
time and irradiation conditions, d is a constant. V can therefore be
determined if d can be determined. The determination of d is ap-
proached by considering the relative intensities of the rays reflected
by a small grain at a distance d below the surface of the specimen and

of a similar grain on the specimen
surface.

Referring to Fig. 2, AB is a
ray incident on the specimen CC.
LetB bea point distance d below
the.specimen surface, and let the

A reflected ray lie along BD.

If 10is the intensity of the
incident ray, the intensity Ib at
B will be given by

Fig. 2. Ib = JId
where ixis the linear absorption
coefficient of the X-rays in the specimen.
Suppose a fraction, K (depending on the structure factor, &c.),
is reflected by a grain atB, then the intensity at B of the reflected ray is
K I ae~iid
This ray has to traverse a further distance BD, and since BD =
d/cos (180 — 20) the intensity on emerging from the specimen surface is

KI10r-~(l + cos (180 _ 20))

The intensity of a ray reflected by a similar grain at the surface is
K 10,* and the intensities of other reflected beams lie between these
two values.
Let the intensity ratio of the strongest and weakest reflected rays
be r, then
y. — giidQ. —sec. 20)

_ loger
16. t= fx(I — sec %{
Thus the volume of part P taken as a cylinder of height d radius \a
is given by
na2og er
4(i (1 — sec 20)
and the mean length of the grain edge G is given by

| 71G§ cos 6 log er
(t~ 3IV8DY [x1- sec20) ' * )
* We are here neglecting the absorption in the reflecting grain itself.
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Grain-Size in the Region above If)-3 cm.

Considering this expression, all terms are known except r, the ratio of
the intensities of the strongest and weakest spots. There must be a
certain minimum blackening for one to see a spot on the film, and the
blackening of the strongest spot will depend both on the exposure
time and on the grain-size. It is not possible to obtain a measure of
the blackening ratio by photometric means, and in any case this pro-
cedure can be ruled out from a practical point of view. If it were
possible to know the exposure in advance, i.e. expose so that the
strongest spot has a blackening
about equal to unity, then an
estimate of r, the intensity range,
could be given. This possibility
was borne in mind, but a much
simpler way of surmounting the
difficulty was devised.

A photograph of the specimen
was obtained by making the ex-
posure time, tv short so that the Fig. 3.
strongest reflections prod uce spots
of medium blackening B (less than unity). The photograph was repeated
using the same part of the specimen with a longer exposure time, t2 The
two photographs are compared side by side, and all spots in the second
photograph, which have a blackening equal to or greater than B,
must be produced by reflected beams with an intensity range r, where

Diaphragm

r— —n

G
If Y1is the number of these spots in the second photograph, this

is the value of Y, corresponding to r given by the ratio of the times of
exposure, to insert in expression (2) for the determination of the absolute
grain-size.

The taking of two photographs obviates the need for photometry and
permits the evaluation of the actual grain-size using X-ray data alone.

Practical.

The grain-sizes of six specimens of aluminium have been determined
by this double picture method. The essential arrangement and dimen-
sions of the apparatus used are shown diagrammatically in Fig. 3.
By tapering the end of the diaphragm as shown it can be brought
very near the specimen surface without interfering with the required
reflected beams. The (331) reflection, conveniently given by CojKa
radiation was observed. The two photographs were compared side

* This follows from the Schwarzschild law S = F {itp), where S is the blacken-
ing, i the intensity, and t the exposure time, p may be taken as unity for X-rays.
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by side on a viewing lantern, and the mean value of two or three of the
blackest spots in the first photograph was taken as the value of B.

Table I.
Grain-Size
Specimen Photo Exposure, r Grain-Size Calculated, bf{”'\éliecﬁl'
No. No Minutes. LN ' Mm. x 10-*. Count
Vim x 10-*.
P. 445 174 B }
171 2] 2% 15 3-3 mean 31 2-8
174
172 5 3} 5 33 3-08
174
173 20 72 2-9
171 2H
173 20 J 8 47 2-96
172
173 ) J1 4 24 3-24
P. 732 168 2%1 } ) )
166 10 3 4 31 2-98 mean 2-95 3-35
168 2%1
167 20 ] 8 50 2-92
169 5\
167 20 J 4 82 295
P. 431 162 . \ , .
163 IS) 10 20 4'08 mean 4'1 4-2
162
164 30 } 30 30 4-07
P. 439 156 , . _
161 i) 12 9 5’48 mean 52 6-35
260
261 20 15 500
260
262 40 20 4-8
P. 427 216 10 \ _ ~ 2.35
218 i 4 50 2-54 mean 2-45
215 45
21 1 45 60 246
215 45 \
217 5 9 102 2-34
P. 554 221 10 | ~
293 o] 4 7 2-2  mean 245 245
220 40 \
291 10 3 4 86 242
220 40 t
292 5 3 8 130 212

In the larger grain-sized samples in particular the and a2 reflections
cannot be differentiated, so that the total number was counted and
halved to get the correct value for Y. Details of the results are given
in Table I.
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Grain-Size in the Region above 10~3 cm.

Possible Modifications of Methodfor Large Grain-Sizes or Highly
Absorbing Substances.

Owing to the soft radiations used, viz. CuZ0 or CoKa, which are
highly absorbed in metals, it was thought at first that the analysis
could be treated as if only grains in the surface gave spots which could
be counted.

Consider the expression which was obtained in section (1) for G
the grain-size

n__, /to2.djacos 0
8BY 1

If d is smaller than G, one would be justified in treating the whole
calculation as if only the grains in the surface give countable reflection
spots, and then we should have, simply,

n 9 I™31j cos 6
8BY -
log.
[x (1 — sec 20)
in which r is the relative intensity of the weakest and strongest observ-
able spots. Judging from experimental results, r is of the order of
1to 50, and is bound normally to exceed the ratio of 1to 10.
Using these values of r, the values of d corresponding to the Ka

radiations of Cu and Co for specimens of aluminium, copper,andiron
have been calculated. These are given in Table II.

Table II.
Specimen. d x 10-" cm. r.
1

Radiation Culg,.
Al 14-7 1-50
8-6 1-10
Cu 3-97 1-50
2-3 1-10
Fe 0-74 1-50
0-4 1-10

Radiation CoKa.
Al 8-4 1-50
5-0 1-10
Cu 2-7 1-50
1-6 1-10
Fe 4-5 1-50
2-6 1-10

Copper radiation is never used for examination of iron owing to

the enhanced incoherent scatter, but cobalt is specially convenient.
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Both in the case of aluminium and iron, d for the usual 1-50 intensity
ratio is of the order of 5 X 10“3 cm., which is very near the maximum
grain-size which it is normally wished to count—it is clear, therefore,
that in general for aluminium and iron, grains below the surface layer
will give rise to countable spots, and therefore the volume formula
must be applied.

Part II.
Determination of Grain-Size from an Empirical Chart.

It is necessary to take two photographs of the same region to deter-
mine the absolute value for the mean grain-size. The authors have
endeavoured to find whether it was possible to develop a suitable
method by which the grain-size can be determined from one picture
alone; this would be a considerable advantage in practice. The total
amount of X-radiation reflected by small grains is proportional to the
volume of the grain. The length of a spot has been shown to be pro-
portional to the grain-size, and the width of a reflected spot is a linear
function of the grain-size and the divergency of the beam; it can be
seen, therefore, that the intensity of a spot or the blackening of a spot
varies approximately with the grain-size. The authors have tried
using this as a method of grain-size determination, but there are many
difficulties in the practical estimation of the intensities of the spots.

I't is fairly easy, however, to derive an empirical relationship between
the numbers of spots on photographs taken under standard conditions
and the grain-sizes for a given series of specimens. By expressing this
relationship in the form of a graph, the grain-size of an unknown
specimen can then be read off, after observing the number of spots
on a photograph taken under these standard conditions. For constant
experimental conditions it is sufficient to realise that Y is some function
of Gthe grain-size.

The graphs relating the total number of observable spots to the
grain-size for the same series of aluminium specimens as used before
is given in Fig. 4. The (331) reflection given by Coif,, radiation was
observed. The source of X-rays was a “ Metalix ” apparatus for
crystal analysis which gives a fairly constant output with a constant
size of focal spot.

Curve (1) shows the number of spots plotted against the grain-size
determined with the microscope, while in curve (2) they are plotted
against the grain-size determined by X-rays. For grain-sizes larger
than 5 X 10-3 cm. the method is not very sensitive, but in the use-
ful region down to 10-3 cm. results to within 10 per cent, can be
obtained.
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Estimation of Grain-Size

With regard to specimen P. 445, there appears to be some dis-
crepancy between the results for grain-size determined by the two
methods—judging from the curves it appears that the X-ray result is
the more correct.

Summary.

The use of X-rays for determining the grain-size above 10-3 cm.
has been discussed. The reflection method is the only one which can
be considered as practicable for ordinary work, for it is the only method
which can be applied on the ordinary specimen used by the metallurgist.
The method described by Shdanow on thin specimens cannot be applied
to reflection photographs. It forms, however, a satisfactory basis for
the theoretical treatment of another method developed by the present
authors—a double-picture method from which a mean value for the
absolute grain-sizes of specimens can be derived.

So far as relative grain-sizes are concerned, it is shown that the
grain-size is not inversely proportional to the cube of the number of
spots owing to the relative intensities of the strongest to weakest
observable spots being dependent on the grain-size for constant ex-
perimental conditions. A smooth curve was obtained, however, when
the number of spots on a given (hkl) line were plotted against the grain-
size. A chart can be constructed which can be used for routine grain-
size examination in this region.
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ALLOYS OF MAGNESIUM. PART Y.—THE
CONSTITUTION OF THE MAGNESIUM-
RICH ALLOYS OF MAGNESIUM AND
CERIUM.*

By J. L. HATIJGHTON.f I).SC., Member oe Councir, and
T. H. SCHOFIELD,{ M.Sc., Member.

Synopsis.

The constitution of the magnesium-rieh alloys of magnesium and
cerium has been re-determined. The eutectic point is found to be at
21 per cent, cerium and 590° C. Magnesium dissolves about 1-6 per cent,
cerium at the eutectic temperature and probably less than 0-15 per cent,
at 337° C.

I. Introduction.

This report is Part V of the investigation of the constitution and
mechanical properties of magnesium alloys which is being conducted
at the National Physical Laboratory under the direction of Dr. C. H.
Desch, F.R.S., for the Metallurgy Research Board of the Department
of Scientific and Industrial Research.1 2>3+4

Recent research on magnesium alloys has shown that the mechanical
properties of some alloys at elevated temperatures are improved by the
addition of small amounts of cerium. The present work has been carried
out to confirm and possibly supplement existing information on the
constitution of the cerium-magnesium alloys and has been extended to
alloys containing up to about 40 per cent, cerium in order to establish
the composition of the eutectic and to confirm the existence of a peri-
tectic reaction. The solid solubility of cerium in magnesium has also
been determined.

Il. Previous Work.

Although Muthmann and Beck 5 were probably the first to prepare
cerium-magnesium alloys, the only systematic study carried out was

* Manuscript received August 22, 1936.

4 Principal Scientific Officer, Department of Metallurgy and Metallurgical
Chemistry, National Physical Laboratory, Teddington.

J Scientific Officer, Department of Metallurgy and Metallurgical Chemistry,
National Physical Laboratory, Teddington.

Note to Abstractors and Other Readers.—This paper will be published, in
permanent form, in the Journal of the Institute of Metals, Vol. LX, 1937.
Reference should accordingly be as follows : J. Inst. Metals, 1937, 60 (Advance

copy).
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Haughton and Schofield : Alloys of Magnesium

that by Vogel,6 who investigated the constitution in some detail.
Using fairly pure magnesium and cerium containing 6’5 per cent, of
impurities, he found the eutectic point to be about 27 per cent, cerium
and 585° C. No evidence of solid solubility was given.

Ill. Present Work.

Preparation of the Alloys.

The magnesium was supplied by British Maxium, Ltd., and contained
as impurities : aluminium 0°018; iron 0020 ; silicon 0013 per cent.

The cerium, kindly given by La Société de Produits Chimiques des
Terres Rares, contained 977 per cent, cerium and 1-25 per cent. iron.

The alloys were prepared by adding cerium in small quantities to
molten magnesium under a flux in a stainless steel crucible. They were
cast into smaller stainless iron crucibles of the type previously described
the excess was cast into iron moulds, and a vertical slice cut from the
ingots was used for chemical analysis; in some cases the remainder was
used for the preparation of other alloys and for microscopical examina-
tion. The flux had the same composition as that employed previously,
and a minimum quantity was used for each melt.

Thermal Analysis.

Heating and cooling curves of nine alloys were recorded. Because of
the large difference in specific gravity between cerium and magnesium,
it was deemed advisable to carry out the thermal analysis in the stirring
apparatus designed by Payne.7

Most of the thermal curves were recorded on an inverse-rate recorder
by means of manual signals depending on observations of a deflection
potentiometer, but some were recorded automatically on the recorder
by means of an automatic potentiometer 8 actuated by a photoelectric
cell.

Two heating and two cooling curves of each alloy were recorded, and
as the temperature arrest of the liquidus taken from the first and second
pair of curves agreed closely it was assumed that no appreciable change
in composition had taken place during the taking of the curves. After
the curves had been taken, the metal was remelted in the crucible and
cast into an iron chill. In certain cases the ingots thus obtained were
analyzed, and the cerium content was always less than that of the alloy
before taking thermal curves. This discrepancy was probably due to
losses caused by adding new flux when remelting the alloy from the
thermal curve crucible. That considerable loss could be caused in this
way was shown by the analysis of the flux from one of the rich cerium
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alloys which gave 18'5 per cent, cerium. Cooling curves of two alloys
were taken down to 360° C., but no arrest points were observed below
the eutectic temperature.
The results of the present work and of Vogel’s work are embodied
in Figs. 1 and 2, respectively.
CERIUM,ATOMIC PER CENT

Fig. 1

Fig. 1.—Equilibrium Diagram of the Cerium-Magnesium Alloys Containing up to 40 Per
Cent. Cerium. (Haughton and Schofield.)

Microscopical Examination.

The specimens were rubbed down by hand on emery paper and
polished on velvet with metal polish. Specimens of cerium content
near and beyond the eutectic were brittle and were mounted in Bakelite
before polishing.

The specimens were etched either in a 4 per cent, solution of nitric
acid in alcohol or in a mixture of citric acid, nitric acid, and glycerine.
All specimens used for the determination of the solidus and solid

solubility were annealed in hydrogen contained in sealed tubes of
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Pyrex glass. Quenching was done by pushing the tube containing the
specimens directly into cold water.

The Liquidus.

The liquidus differs in temperature and form from that plotted
from Vogel’sdata; the former falls less steeply and is below the latter.

Fig. 2.

Fig. 2.—Equilibrium Diagram of the Cerium-Magnesium Alloys Containing
up to 40 Per Cent. Cerium. (Vogel.)

It should be noted that the temperature of the melting point of magnes-
ium given by Vogel is high (661° C.).

The Peritectic Reaction.

The existence of a peritectic observed by Vogel has been confirmed
by thermal analysis and by microscopical examination. The temper-
ature of the peritectic reaction is about 614° C.

Pigs. 3 and 4 (Plate 1) show an alloy containing 39’7 per cent, cerium
as cast and after annealing at 565° C. for 6 hrs., respectively. The
cooling curves of this alloy showed four definite arrests, one of which was
close to the peritectic; no explanation is put forward for one arrest

point which suggests increasing complexity of the system. Investigation
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Fig.
Fig.

Fig.

Fig.

3.—39-7% Cerium, As Cast. Etched in 4% Nitric Acid in Alcohol. X 500.

4.—39-7% Cerium, Annealed at 565° C. for 6 Hrs. and Quenched. Etched in 4% Nitric
Acid in Alcohol. x 300.

5—1-7% Cerium, Quenched from 595° C. Etched in Citric Acid, Nitric Acid, and
Glycerine. x 150.

6.—24-7% Cerium, As Cast. Etched in Citric Acid, Nitric Acid, and Glycerine. X 150.
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Plate |l

Fig. 7—18-6% Cerium, As Cast. Etched in Citric Acid, Nitric Acid, and
Glycerine, x 150.

Fig. 8.—21-6% Cerium, As Cast. Etched in Citric Acid, Nitric Acid, and
Glycerine, x 150.
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Part V.—Magnesium-Rich Alloys

of the diagram beyond this point, however, lies outside the scope of the
present work.

The Eutectic.

From thermal evidence, the eutectic point was found to be at 21 per
cent, cerium and 590° C., compared with about 27 per cent, cerium and
585° C. from Vogel’s data. Confirmation of this was obtained by micro-
scopical evidence. Figs. 6 and 7 (Plates | and Il) show the structure
of alloys containing 24-7 and 18‘6 per cent, cerium, respectively, and
illustrate the primary separation on either side of the eutectic. Fig. 8
(Plate 11) shows the structure of an alloy containing 21'6 per cent,
cerium and shows that it contains a small amount of hypereutectic
primary. It was possible to distinguish between the two primaries by
etching in boiling water which stained the a primary brown but left
the {3 primary unchanged. Photographs illustrating the etch are
not reproduced because liquid exuding from the numerous holes in the
specimen caused a tarnish film to spread over the surface and rapidly
spoiled its appearance.

The Solidus.

The position of the sloping part of the solidus was determined from
microscopical examination of alloys quenched after annealing at various
temperatures. All alloys, both for the determination of the solidus
and the solid solubility line, were first annealed at 565° C. for hrs. to
render them homogeneous. Fig. 5 (Plate 1) shows the structure of
an alloy containing 1'7 per cent, cerium quenched from 595° C. The
chilled liquid is readily visible.

The Solid Solubility Line.

The solid solubility of cerium in magnesium was determined micro-
scopically. Specimens of suitable composition were annealed at 565°,
472 ,and 337 C.for 12 hrs., 40 hrs.,and 5 weeks,respectively. Although
microscopical examination led to conclusive evidence of the amount of
solubility at 565 C., some doubt exists as to the solubility at the lower
temperature; this was due to the difficulty in identifying small amounts

of a second phase in the presence of small amounts of impurity origin-
ating from the cerium.

Magnetic Properties.

It has been discovered that some of the cerium-magnesium alloys,
and certainly those containing about 20-40 per cent, cerium, are mag-
netic in that they are feebly attracted by a strong permanent magnet.
It seems improbable that the magnetism can be solely due to the iron
in the cerium because the latter is not attracted by a magnet.
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IV. Conclusions.

The constitution of the magnesium-rich alloys of magnesium and
cerium has been determined. The eutectic point is found to be at
21 per cent, cerium and 590° C., compared with about 27 per cent, and
585° C. observed by Vogel, who used much less pure metals than
were employed in the present investigation. Vogel did not determine
the solubility of cerium in magnesium, which is now shown to be about
1'6 per cent, at the eutectic temperature, and probably less than 0T5
per cent, at 337° C. The existence of the peritectic observed by Vogel
has been confirmed, though at a slightly lower temperature (611° C.).
Some of the alloys are found to be very feebly magnetic.
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METALLURGICAL ABSTRACTS

(GENERAL AND NON-FERROUS)

Volume 3 NOVEMBER 1936 Part 11

I.—PROPERTIES OF METALS

(Continued from pp. 385-389.)

T ? es?aiches with Pure Aluminium Wire of High Tenacity. H. Rohrig and

bchonherr (Aluminium, 1936, 18, (8), 374 375).—Specimens of aluminium
wire containing iron 0-16 and silicon 0-10% and having a tensile strength of

i n f Wth an elongation.of 0-2% yere kept_for various periods at
75 , 100 , and 130° C. and the tensile properties determined from time to time.
At 75° C. the tensile strength decreased to 25-7 kg./mm.2 in 16 days and
to 25-5 kg./mm.2 in 40 days, while the electrical conductivity increased by
1-4%. At 100° C. the strength decreased rapidly at first then much more
slowly to 22-1 kg./mm.2 after 30 days, and at 130° C. it had decreased to
20-2 kg./mm.2after less than 3 days. From these results it is concluded that
the metal had been heated at too high a temperature during the early stages
ofrolling and then cooled quickly so that silicon was retained in supersaturated
solid solution, thus giving rise to the unusually high tensile strength of the
drawn wire.—A. R. P.

The Cold-Working of Metals and Its Influence on the Quality of Aluminium.
_ 1 Metallkunde, 1936, 28, (8), 240—242).—Curves are given showing the
change in tensile strength, hardness, and elongation of 99-7% aluminium
with the degree ofreduction by cold-rolling. The change in properties is more
marked the thinner and the narrower is the starting sheet.—A. R. P.

*The Behaviour of Three Single Crystals of Aluminium in Fatigue under
Complex Stresses. H. L. Cox and W. J. Clenshaw (Proc. Sou. Soc., 1935 [Al
149, (867), 312-326).—The development at the N.P.L. of a new type of com-
bined flexural and torsional fatigue testing machine made it possible to carry
outtests under alternating flexural stresses on single crystal specimens. Three
single crystal specimens, all of the same orientation, were tested, one under
alternating flexural, one under alternating torsional, and the other under a
combination of alternating torsional and alternating flexural stresses. The
distribution ofslip bands on each specimen was entirely in accordance with that
predicted from the calculated values of the shear stresses according to the
resolved shear stress law, and the results thus afford evidence of the validity of
this law in cases where the stress distribution is not simple. Measurements of
the mean slip-band spacing were made and the relation between mean slip-
band spacing and the value of the resolved stress was examined. The fracture
ofthe specimens is shown to occur in the normal manner by the development of
cracks formed on the site of the previous heavy slip, and the dependence of
failure on the value of the resolved shear stress is demonstrated.—S. G.

*The Influence of Sodium and Calcium on Industrial Aluminium. B. F.
Grashtchenko and V. Darovski (Legkie Metalli (Light Metals), 1936, (1),
17-37). [In Russian.] Alloys with up to 0*1% sodium were prepared from
aluminium containing silicon 0-1-0-58 and iron 0-14-1-5%, the amount of
sodium retained increasing with the percentage of impurities. Up to 0-04°/
sodium had scarcely any influence on the mechanical properties, but larger
amounts slightly reduced the hardness without affecting the tensile strength,
and produced severe intercrystalline corrosion. Under the microscope "the
sodium particles appeared as dark spots in the corrosion centres. The

* Denotes a paper describing the results of original research,
t Denotes a first-class critical review.
HH
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sodium content was unaffected by annealing at 480° C., but could be reduced
to 0-012% by repeated fusion. Up to 0-15% calcium only slightly affected
the mechanical properties of aluminium at temperatures up to 480° C., pro-
vided that the silicon did not exceed 0-5%. W ith a lower silicon and higher
calcium content the mechanical properties are somewhat improved, but the
limiting overheating temperature is reduced, the effect being increased by
iron. Calcium reduces the resistance of aluminium to corrosion. It is con-
cluded that industrial aluminium should contain not more than 0-1% calcium,
or not more than 0-08% if up to 0-04% sodium is also present.—D. N. S.
tProperties and Alloys of Beryllium. Louis L. Stott (Metals Technology,
1936, 3, (5), 17 pp.; and A.I.M.M .E. Tech. Pull. 738).—The physical proper-
ties of beryllium are described and tabulated. Beryllium-rich alloys have no
commercial applications, but its alloys with copper, nickel, and iron, or with
more complex alloys of these elements, have important applications and
remarkable mechanical properties. Data for the mechanical properties
(tensile strength, ductility, and hardness) are given for a number of alloys,
together with the effects on the electrical conductivities of the copper-base
alloys. The uses of the alloys are also briefly indicated.—W. H.-B.
~Absolute Photoelectric Yield of Beryllium, Magnesium, and Sodium.
Marvin M. Mann and Lee A. DuBridge (Phys. Rev., 1936, [ii], 50, (4), 398).—
Abstract of a paper read before the American Physical Society.—S. G.

*The Electrical Resistance of Bismuth Single Crystals [Containing Lead, Tin,
Antimony, or Tellurium]. Alfred B. Pocke and John R. Hill (Phys. Rev.,
1936, [ii], 50, (2), 179-184).—Single-crystal rods of bismuth containing up to
0-81 atomic-% of lead, tin, antimony, or tellurium were prepared with the
principal axis parallel and perpendicular to the axis of the rod, and the
electrical resistances were measured at temperatures between — 185° and
+ 100° C. The addition of lead or tin to bismuth causes a marked increase
in the electrical resistance; the increase is greater the larger the amounts of
the impurity provided that recrystaflization with the precipitation of a second
constituent does not occur. The addition of tellurium usually causes a
decrease in resistance until the point at which a second constituent is pre-
cipitated. The effectofantimony iscomplicated. These results are explained
on the basis ofthe theory ofH. Jones (Met. Ahs., 1935, 2,681), and the approxi-
mate solubility limits of tin, lead, antimony, and tellurium in solid bismuth are
estimated.—W. H. R.

Investigations on Bismuth Crystals. Il.—Change of the Thermoelectric
Power in Transverse Magnetic Fields. E. Griineisen and J. Gielessen (Ann.
Physilc, 1936, [v], 27, (3), 243-255).—v. G.

*The Theory of the Galvomagnetic Effects in Bismuth. H. Jones (Proc. Roy.
Soc., 1936, [A], 155, (886), 653-663).—Calculations are made of the change of
resistance in a magnetic field and of the Hall coeffs. of bismuth single crystals.
The estimate of the number of electron™ overlapping the principal Brillouin
zone for bismuth, previously given to account for the diamagnetic properties,
is shown to lead to the very large galvomagnetic effects which are observed.
Minute traces of impurity in bismuth are shown to have very great effect on
the galvomagnetic properties, particularly at high magnetic field strengths.
In this way the variation ofthe Hall coeff. with field strength is explained, and
fair agreement is obtained between the calculated change of resistance at
various fields and Kapitza’s observations.—S. G.

Calcium. A. Schubert (Russko-Germanslciy Vestnick Nauki i Tehniki
(Deut.-russ. Z. Wiss. Tech.), 1936, (5), 3-7).—[In Russian.] A review.—N. A.

*The Sorption of Hydrogen and Deuterium by Copper and Palladium. [|.—
The Behaviour of Copper and Copper Oxides. H. W. Melville and Eric K.
Rideal (Proc. Roy. Soc., 1935, [A], 153, (878), 77—88).—The following hetero-
geneous reactions of hydrogen and deuterium are investigated with these
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results: CuO is reduced by atomic hydrogen and deuterium at 20° C. at the
same velocity. This is in agreement with previous experiments showing that
free atoms of hydrogen and deuterium react at identical velocities. CuO is
more rapidly reduced by hydrogen than by deuterium at 156°-269° C. The
difference in energy of activation is 0*4 k.cal. This is also in agreement with
the observation that hydrogen reduces simple molecules on a metal (nickel)
surface more quickly than deuterium. Hydrogen and deuterium are sorbed
by and desorbed from copper at the same velocity at 71°-200° C., except that
at higher temperatures hydrogen is sorbed slightly more quickly. S. G.

*The Sorption of Hydrogen and Deuterium by Copper and Palladium. H.—The
Sorption by Palladium and Diffusion Through Copper. H.W. Melvilleand E K
Rideal (Proc. Boy. Soc., 1935, [A], 153, (878), 89-103).— Cf. preceding abstract!
The diffusion of hydrogen and deuterium through palladium, copper, and
nickel is investigated at 150°-350° C. and at pressures from 1to 200 mm. Eor
each metal hydrogen diffuses more quickly, the difference in energy of activa-
tion for diffusion being 0-8 for palladium, 0-6 for nickel, and 0-8 k.cal. for
copper, respectively. The copper and nickel are supported on palladium.
In copper it is shown by employing composite films Cu-Pd-Cu and Pd-Cu-Pd
that the rate-determining step, and therefore the step responsible for the
difference in the velocity of diffusion, isnot due to any process connected with
the gas-metal interface. W ith palladium measurements of the solubility ofthe
two isotopes are also made, hydrogen being the mostsoluble. Combining these
results with the diffusion measurements it is shown that the difference in
velocities of diffusion is due partly to the greater solubility as well as to the
greater mobility of hydrogen on palladium. Potential barriers are con-
structed from diffusion and solubility data, and it is shown that there exists a
definite harrier for the penetration of hydrogen from the surface to the interior.
The barrier has the same height for both hydrogen and deuterium and &
mechanism for the transfer of gas is suggested.—S. G.

fThe Failure of Lead by Creep. J. Neill Greenwood {Proc. Australasian
Inst. Min. Met., 1935, (100), 477—297).—From a critical review of recent work
and from the results of experiments which are not yet completed, evidence is
adduced to show that lead can fail by intercrystalline cracking by the applica-
tion of a steady stress in air and that at operating stresses it is probable that
this cracking is accompanied by less general distortion than occurs at 500 Ib./
in.- and that, therefore, the possibility of failure occurring is not a remote one
even in the absence of vibration or corroding liquids. The rate of creep of
lead at stresses below 500 Ib./in.2is very considerably influenced by its previous
thermal and mechanical treatment and by very slight changes in composition;
thus even minute increases in the silver, zinc and, more especially, in the
bismuth, antimony, and tellurium contents of commercial lead produce a
considerable increase in the rate of creep, although a similar effect is obtained
by removal of the ordinary impurities in lead.—A. R. P.

*On the Conduction of Heat by Some Metals at Low Temperatures [Lead,
Copper, Tungsten]. H. Bremmer and W. J. de Haas (Physicu, 1936, 3, (7),
672-686; and Comm. K. Onnes Lai. Leiden, No. 243a).—[In English.] The
heat conductivity was determined for lead, copper, and tungsten. For lead
an increase of the heat resistance is found at very low temperatures. This
resistance is higher in the superconductive state than in the state in which
superconductivity has been disturbed by means ofa magnetic field. Thisisin
complete agreement with the results for other pure superconductive metals.
The so-called ideal resistance of copper is still decreasing at the lowest tem-
perature at which the determinations have been carried out. It is propor-
tional to T24. The ideal resistance of tungsten approaches a minimum value.

—S. G.
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*The Magnetization Curves of a Superconducting [Lead] Sphere and Ring.
D. Shoenberg (Proc. Boy. Soc., 1936, [A], 155, (886), 712-726).—The (diamag-
netic) magnetization curve of a superconducting pure lead sphere is measured
by the Faraday method. The magnetization curves of a lead crystal sphere
and an impure lead sphere are also measured, and the magnetization of an
anchor ring of pure lead is described. The results are discussed in connection
with the intermediate state recently proposed by Peierls.—S. G.

tDetermination oi the Heat Resistance oi Mercury at the Temperatures
Obtainable with Liquid Helium. W. J. de Haas and H. Bremmer (Physica,
1936, 3, (7), 687-691; and Comm. K. Onnes Lab. Leiden, No. 243b).—[In
English.] A new apparatus is described for the determination of the heat
resistance of pure mercury. The measurements show that even this very pure
substance has a minimum value for its heat resistance though this is found at
avery low temperature (3-8° K.). Mercury shows a decrease of heat resistance
when superconductivity is disturbed by means of a magnetic field, just as the
other pure superconductive metals do.—S. G.

+The Relation Between Electron Field Emission and Contact Electromotive
Force for Liquid Mercury. Dan H. Moore (Phys. Bev., 1936, [ii], 50, (4), 344-
347).—The relation between the contact electromotive force and the impulsive
potential necessary to initiate a vacuum spark has been studied for a liquid
mercury cathode. For impure mercury no definite relation could be found,
whilst for purified mercury the relation between the work-function and the
breakdown field was only in qualitative, and not in quantitative agreement
with theory.—W. H.-R.

Purification of Mercury. Biagio Pesce (Annali chim. applicata, 1936, 25,
6547657 ; C. Abs., 1936, 30, 5844).—Two distillations, boiling with con-
centrated sodium hydroxide, and about 30 washings through a column of
dilute nitric acid are recommended. The sp. gr. is checked with a special
pycometer to 0-0002 grm.—S. G.

tThe Transition Between the Superconductive and the Normal State. |.—
Magnetic Induction in Mercury. K. Mendelssohn (Proc. Boy. Soc., 1936, [A],
155, (886), 558-570).—The change of induction of long-shaped mercury
specimens is investigated when passing from the normal to the superconductive
state. Experiments at constant temperature and constant field were carried
out separately. An arrangement is described which permits the temperature
to be kept constant to less than 0-005° during the whole experiment. The
change in induction from zero to its normal value when passing from the super-
conductive to the normal state is found to be discontinuous within the limits
of accuracy. When passing from the normal to the superconductive state a
more gradual change of induction is observed. This “ hysteresis ” is discussed
with respect to a possible “ supercooling ” from the normal into the super-
conductive state. A change of induction in time with constant variables of
state (temperature and magnetic field) is observed. This time effect cannot be
explained by secondary causes, but seems to be a peculiarity of the transition
between the superconductive and the normal state of the mechanism.—S. G.

tHydrogenation by Adsorbed Hydrogen Atoms. K. S. Ablezova and S. Z.
Roginskii (Dokladi AkademiiNauk S.S.S.B. (Compt.rend. Acad. Sci. U.B.S.S.),
1935, 1, (7/8), 490-492 (in Russian), 492—493 (in German); C. Abs., 1935, 29,
6826).—Metal filmsthat are completelyincapable of catalyzing the combination
of ethylene and hydrogen molecules will, when covered at — 180° C. with a
layer of adsorbed hydrogen atoms, effect the hydrogenation at or below room
temperature. Further, ifethylene isadded at liquid air temperatures to a fresh
film of nickel saturated with atomic hydrogen, the ethylene remains adsorbed
even on warming the film to room temperature, although in the absence of the
layer of atomic hydrogen neither ethylene nor ethane is appreciably adsorbed
by the nickel film at room temperature.—S. G.
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tMagnetization of Nickel under Compressive Stresses and the Production of
Magnetic Discontinuities [Barkhausen Effect in Nickel]. C. W. Heaps (Phys.
Rev., 1936, [ii], 50, (2), 176-179).—The magnetization of nickel bars under
compression has been studied at stresses up to 10 kg./mm.a. A strictly rect-
angular hysteresis loop cannot be obtained by compression alone, although an
approximation to this shape can be obtained by using sufficiently high pres-
sures. The Barkhausen effectisnot much affected by compression alone. In
an elastically bent wire, much smaller stresses produce large magnetic
discontinuities, but a composite specimen consisting of a nickel bar fixed inside
a nickel tube so that the bar is in compression and the tube in tension behaves
similarly to unstressed material. The existence of contiguous compressed and
stretched regions appears necessary for the appearance of the large discon-
tinuities, and the way in which these discontinuities are produced is
discussed.—W. H.-R.

tReversible Change of Thermal Energy Accompanying Adiabatic Change of
Magnetization in Nickel. T. C. Hardy (Phys. Rev., 1936, [ii], 50, (4), 395).—
Abstract of a paper read before the American Physical Society. The experi-
mental method devised by A. Townsend (Met. Ahs., 1935, 2, 139) has been so
improved as to permit a study of the magneto-caloric effect in materials for
which the total hysteretio energy increase is small in comparison with the
reversible thermal energy changes which occur during a half cycle of mag-
netization. The specimen of nickel examined by H. was the same as that used
by Townsend, except that it had been annealed at 1100° C. for 2 hrs. in
hydrogen at atm. pressure and cooled to room temperature in 10 hrs. The
hysteresis loss per half cycle is approx. 1200 ergs/cm.3. As the magnetization
is decreased from near saturation to approx. the knee of the magnetization
curve, the thermal energy decreases almost linearly with magnetizing field
by the amount, 9000 ergs/cm.3. Below the knee of the curve, the mag-
netization decreases rapidly to zero and the thermal energy decreases by an
additional 16,000 ergs/cm.3. Onremagnetization the same process is reversed,
except for the addition of the hysteresis heat, which appears in the region of
most rapid variation of magnetization with field. Throughout the entire
process the decrease of thermal energy is several times greater than the
external work done by the specimen on the magnetizing currents.—S. G.

On the Effect of Tensile Stress on the Magnetization [of Nickel] above the
Curie Point. Gertrud Scharff (Ann. Physik, 1936, [v], 25, (3), 223-232).
Tensile stresses have no effect on the Curie point of nickel.—v. G.

The Magnetic Behaviour of a Nickel Wire under Great Torsion. Richard
Gans (Ann. Physik, 1936, [v], 25, (1), 77-91).—The observed magnetic effects
of torsion on nickel are explained theoretically.—v. G.

tOn the Mechanism of Displacement of Noble Metals from Solutions of Their
Salts by Hydrogen under Pressure. |.—Displacement of Palladium from
Solutions of Palladium Chloride. Y. V. Ipatiev and V. G. Tronev (Dokladi
Akademii Nauk S.S.S.R. (Compt. rend. Acad. Sci. U.R.S.S.), 1935, 1, 622-
624 (in Russian), 624-626 (in German)).—S. G.

tOn the Mechanism of Displacement of Noble Metals from Solutions of Their
Salts by Hydrogen under Pressure. Il.—Displacement of Noble Metals from
Solutions of HZPtCI6, HArCl6, Na3lrClc, and Na,RhCI6. V. V. Ipatiev and
Y. G. Tronev (Dokladi Akademii Nauk S.S.S.R. (Gompt. rend. Acad. Sci.
U.R.S.S.), 1935,1, 627-629 (in Russian), 629-632 (in German)).—S. G.

tNormal Energy Distribution of Photoelectrons from Potassium Films as a
Function of Temperature. C. L. Henshaw (Phys. Rev., 1936, [ii], 50, (4), 398).
—Abstract of a paper read before the American Physical Society.—S. G.

tTransition Phenomena in the Condensation of Silver Vapour on Clean and
Gas-Covered Tungsten. Milo B. Sampson and Paul A. Anderson (Phys. Rev.,
1936, [ii], 50, (4), 385).—Abstract ofa paper read before the American Physical
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Society. In a tube which had been subjected to severe out-gassing, sealed
from the pumps, and gettered with vaporized barium, duplicate tungsten
filaments dissimilar only with respect to the condition of their surfaces, were
bombarded with gas-free silver vapour supplied by a molybdenum foil oven
which could itself be thoroughly outgassed by flashing. One of the tungsten
filaments was cleaned by flashing at 2800° K,, while the other was allowed to
retain the oxygen coating which persists after flashing at 1400° K. Permanent
condensation of silver on the gas-covered filament occurred only after its
temperature had been decreased to 900° K. and typical transition effects
appeared At the same vapour stream intensity permanent condensation on
the clean tungsten occurred at 1220° K,, approximately the temperature of the
vaporizing oven, and none of the characteristic critical phenomena could be
detected. Itisprobable thattransition (“ critical temperature ”)effectsin the
condensation of metal on metal as observed by Estermann, Cockcroft, and
others are conditioned by the presence of surface films of gas and vapour and
disappear when such films are removed.—S. G.
tPreparation of Silver Sheet. The Tensile Properties of Sheet of Commercial
Alloys Jl1Relation to the Method of Manufacture. H. Moserand E. Raub
(Mitt. Forschungsinst Edelmetalle, 1936, 10, (2/3), 19-26).—The effects of
nocc8’ JYm8>and forging and rolling on the tensile properties of 835- and
925-fine silver sheet prepared from flat skillets and round bars are shown in
tables and diagrams. In all cases considerable variations were observed in
parallel tests so that general conclusions could not be drawn from the results.
Usually, however, sheet of 835-fine silver prepared from flat skillets showed a
fligher tensile strength and yield point but a smaller elongation than that
prepared from round bars; these differences tended to become smaller the
greater the amount of work put into the metal. In the case of 925-fine silver
only the elongation behaved similarly, the tensile strength and yield point
varyingTittle with the method ofpreparing the sheet. Lower tensile properties
were obtained by hot forging than by rolling, but rolling after forging removed
dI® fe“ces; Oxide films produced by intermediate anneals had no
effect on the final propertles of the sheet provided that they were not allowed
to become too thick.—A. R. P.

*The Formation of Bllstery Silver. Ernst Raub, Fritz Distel, and Alice
ochall (Z. Metalllcunde, 1936, 28, (9), 253-257).—The gases which cause blisters
to form m annealed sdver sheet have been analyzed after expelling them bv
fusion in vacuo. From a 10:90 copper-silver alloy melted in a graphite
crucible m a coke fire the occluded gas consisted of sulphur dioxide 41-48,
carbon dioxide 28-31, water 24-30, and nitrogen 0-6% ; the corresponding
figures lor the same alloy melted in an oil-fired furnace were 62-68, 3-6, 29-30
on 1 /' i'la gas-fired furnace 62-64,19-20,11-13, and 0-5%. From a
/U : 80 copper-silver alloy melted in a coke-fired furnace in such a way that the
furnace gases were drawn over the surface and then cast through a luminous
gas name, the gas extracted contained carbon monoxide 45-8, hydrogen 27-2
methane 17-9, and carbon dioxide 9-1 vol.-%. The sulphur dioxide content
is due to absorption of sulphur and oxygen from the furnace atmosphere and
their interaction on solidification of the metal; the remaining gases are
entrapped during casting. Thorough deoxidation of the molten metal with
phosphorus or lithium removes the oxygen, and thus prevents formation of
sulphur dioxide; at the same time both elements inhibit dissolution of
hydrogen m the metal. In thoroughly deoxidized metal much ofthe sulphur
1S*M~"°Ve volatilization as silver sulphide.—A. R. P.
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oSfordalX,IOns of single crystals of tin of two grades of purity (99-987
and yy-aab”), the stress being pure tension and the strain being measured to
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10-7 cm./cm. on a length of 3 cm. Creep is found to occur under all stresses,
its initial rate being proportional to stress for small stresses, and of the order
of 3 X 10~9 cm./cm./minute per grm./mm.2 (micro-creep), while above a
fairly definite stress of the order of 120 grm./mm.2the rate of creep increases
much more rapidly with stress (macro-creep). Micro-creep decreases with time
in a roughly exponential manner, and macro-creep remains constant for a
considerable time. The phenomena are considered from the point of view of
the current theories concerning the mechanical strength of metallic crystals,
and it is shown that micro-creep can be accounted for by an extension of
G. |. Taylor’s theory of fault propagation.—S. G.

tContinuous Measurement of Changes in the Electronic Work-Function
During the Fusion of Tin. Paul A. Anderson (Phys. Rev., 1936, [ii], 50, (4),
386).—Abstract of a paper read before the American Physical Society. A
slight modification of the method for measuring contact p.d. {Met. Abs., 1935,
2, 368 ; this vol., p. 110) made possible continuous observation of progressive
alterations in the work-function of a metal surface down to time intervals of a
few seconds. Applied to study the change in work-function attending the
transformation of y-tin to liquid tin the method yields electron current-time
curves which are similar to temperature-time fusion curves. The break in the
current-time characteristic does not coincide with the disappearance of the
solid phase but follows it after a measurable time interval. The shape of the
curve beyond the break is finite, decreasing from a high positive value to
zero as the temperature of the liquid tin is increased. If, asisunlikely, these
effects are due to liberation of adsorbed gas the curves provide a means of
following the desorption continuously. They may indicate a persistence of
the regularly orientated lattice structure of solid tin beyond the melting point.
The contact p.d. between y-tin and liquid tin is found to be 0-17 v. The liquid
tin has the lower work-function, in agreement with the photoelectric measure-
ments of Goetz, which, uncorrected to the true thresholds at 0° K., yield the
value 0-16 ev. for the difference between the work-functions.—S. G.

tInfluence of Crystal Structure on Electron Emission from “ 218 ” Tungsten
Wire. W. B. Nottingham [Phys. Rev., 1936, [ii], 50, (4), 398).—Abstract of a
paper read before the American Physical Society. The thermionic emission
from “ 218 ” tungsten wire has been shown by Johnson and Shockley {Met.
Abs., this vol., p. 196) to vary with crystallographic direction. Single crystals
of this wire average 0-25-1-0 cm. in length and present 6 strips of strong
emission separated by 6 strips of weak emission as the filament circumference
is explored. The electron energy distribution as indicated by retarding
potential measurements becomes ambiguous near “ zero field because the
currents received are coming in effect from a cathode ofinhomogeneous surface
structure to a single collector. In the case of thoriated filaments it is thought
that the actual surface exposed may be much more uniform than that found
in “ 218 ” wire, thus accounting for the accurate reproducibility of the energy
distribution curves. In contrast, the curves observed with different samples
of “ 218 wire have not been in exact agreement with each other and have
generally shown an apparent reflection effect larger than that for thoriated
tungsten. If it be assumed that the work-function varies sinusoidally from a
minimum to a maximum differing by 0-5 v., an approximate theory gives good
agreement with experiment.—S. G.

tCathode Ray Oscillography of Gas Adsorption Phenomena. |.—A Method
for Measuring High-Velocity Approach to Certain Physical and Chemical
Equilibria. M. C. Johnson and F. A. Vick (Proc. Roy. Soc., 1935, [A], 151,
(873), 296-307).—The changes in electron emission from a solid surface are
recorded by a cathode ray oscillograph and are used to study processes at a
tungsten-oxygen interface.—S. G.
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1Cathode Ray Oscillography of Gas Adsorption Phenomena. Il.—Durations
of an Adsorbed State of Oxygen on Tungsten. M. C. Johnson and F A Vick
i ’}03?’ [A]/ 51" 8733 296-316).—Cf. preceding_abstract

The evaporation of a layer of oxygen atoms on tdngsten was studied The
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+The Mobility of Sodium on Tungsten. Richard Charles Leslie Bosworth
13367 150>(869)>58-76).— By depositing a small patch of
sodium on the centre of a tungsten strip filament and traversing the strip from
time to time with a well-defined spot of light, the photoelectric properties were
mafa cimeas/‘ e viT Hl °f the sodium fllm- It: was observed first of ﬁh
at a cleanstrip absorbs sodium, a portion ofwhich, However, reappears on the
There06« T A u evaP°rates “hen the strip is heated above 1300° K
ITmhis I S capacity of the strip to absorb sodium, and once that
a« the reached any excess sodium is stable on the surface and, if deposited
as the active patch, spreads or migrates over the surface at such a rate that the
800° K aP A°X' "mf?rmly actlve after 1 or 2 hra-at 300° K. or 5-10 seconds at
thhi?' An.actlyatlOn of 0-25 v. is indicated for this migration, and
'rm6t JifrrOr 16 ? j iated with t ti
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slip planes and mtercrystallme cracks.—S. G.

»The: Effect of Temperature, Degree of Thoriation, and Breakdown on Field
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* ordinary thermionic emission plus a field current independent of
dcOTee of Thnr”t6 chaJacte™tlc ,fleld current curve is independent of the
degree of thoriation of a thoriated tungsten filament. As the voltage is
mcreased an electrical breakdown occurs which raises the field current by a
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field' ~ H *he™ 10nl¢, aptm t7 is increased. A. concludes that the electric
field applied to the cathode surface, rather than the applied voltage is the
important factor m producing breakdowns. W. H.-R B’
jl:nW eu 011 AenrSAud Th2r® i0niP,Currents from Thoriated T ngst%n and Pure
ungsten.  A. J. Ahearn {Phys. Rev., 1936, EII , 50, E4 , 3983 Abstract of a
paper read before the American Physical Society —S
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R . ong_wave lImit for Zlnc prepared bfy evarp_oratlon
m a high vacuum varied between'2900 and 2930 A. inanumber ofexperiments ¢
the corresponding work-function is 4-24 v. The effects of varying the pressure
underwhich the distillation was carried out, and of foreign gases, were studied.
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Vinweflertin,? Q°uer ?L Evap,?rated Metal Films in the Near and”~kfuitra-
read before A I ™2[UT’50" (4)’396).-Abstract ofa paper

atcd b f m 6 AcnenCyn J hyyPal Society- The reflecting powers of evapor-
ated metal films from the visible to 450°A. were determined for aluminium

antimony, beryllium, bismuth, cadmium, chromium, copper, gold, iron lead”’

E I - r 86 molybdenum, nickel, palladium, pfatinum, Lfiver’
tellurium, tm, titanium, zinc, and zirconium. Photographic methods were
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used. The accuracy of the work in the near ultra-violet was of the order of
3% and in the far ultra-violet not better than 5%.—S. G.

*The Polarimetric Determination oi Optical Properties [oi Films]. Richard
Maury Emberson (Phys. Rev., 1936, [ii], 50, (4), 396).—Abstract ofa paperread
before the American Physical Society. A study was made of the polarimetric
method for determining the optical properties of a surface. The experimental
work was carried out with a polarimeter designed and constructed in university
shops. The equations used in the computations of results were based on
theoretical work of T. C. Fry. It was found that certain instrumental errors
profoundly affect the results. When the observed data were freed from these
errors a decrease was noted in the variation of the computed optical constants
of a surface with the angle of incidence at which the data were obtained.
Studies were made ofthin metal films deposited on glass. The results indicated
that, while the computed film thicknesses were of the correct order of magni-
tude, they were not independent of the angle ofincidence of observation ; also,
the computed thicknesses were always complex, with the imaginary part
negative and about the same size as the real part.—S. G.

Comments on “ Vapour Pressure Measurements of High Boiling Point
Metals ” by Baur and Brunner. Joseph Fischer. Emil Baur and Roland
Brunner (Helv. Phys. Acta, 1935, 18, 1028-1030).—Cf. Met. Ahs., 1935, 2, 209.
F. states that von Wartenberg’s apparatus as used by B. and B. is not suitable
for boiling point measurements. B. and B. reply.—S. G.

Calculation of Various Physical Constants of Heterogeneous Substances.
I1.—Dielectric Constants and Conductivities of Polycrystals in the Non-Regular
Systems [Antimony, Bismuth, Tin, Cadmium, Mercury]. D. A. G. Bruggeman
{Ann. Physik, 1936, [v], 25, (7), 645-671).—The relations between the electrical
conductivities of single crystals and of polycrystalline aggregates have been
determined mathematically for the non-cubic metals antimony, bismuth, tin,
cadmium, and mercury.—v. G.

Magnetic Investigations of the Plastic Deformation of Metallic Substances.
H. J. Seemann {Metallwirtschaft, 1936, 15, (40), 931-936).—The present
position of our knowledge of the influence of plastic deformation on the
magnetic properties of non-ferromagnetic metals and alloys is reviewed.—v. G.

*New Determinations of Gyromagnetic Ratios for Ferromagnetic Substances.
S. J. Barnett {Phys. Rev., 1936, [ii]. 50, (4), 390).—Abstract of a paper read
before the American Physical Society. See also Met. Abs., 1934,1, 226. New
and extensive measurements were made on a number of substances including
electrolytic iron, cold-rolled steel, nickel, Permalloy, Hopkinson’s nickel-
iron alloy, pure cobalt, cobalt alloyed with a few % of copper, cobalt alloyed
with nickel (Bloch’s alloy), and Preuss’s iron-cobalt alloy. All the work was
carried out by methods differing only slightly from those used by B. in the
last work on rotation-by-magnetization. The values of the gyromagnetic
ratio obtained range from about T02 X m/e (nickel-iron) to about 1-10 X m/e
(pure cobalt), with mean errors in a number of cases of much less than 1%.
Earlier values have been confirmed. No certain difference has been found
between results obtained with the magnetizing coil fixed to the earth and
magnetizing coil fixed to the vibrating body.—S. G.

Theory of Surface lonization on Glowing Metals. A. |I. Anselm (Dokladi
Akademii Nauk S.S.S.R. {Compt. rend. Acad. Sci. U.R.S.S.), 1934, 3, (5),
329-331 (in Russian), 332-334 (in German)).—Theoretical.—S. G.

*The Resistance and Thermoelectric Properties of the Transition Metals.
N. F. Mott (Proc. Roy. Soc., 1936, [A], 156, (888), 368-382).—Explanations are
given in terms of the quantum theory of metals of the following phenomena :
the decrease in the temperature coeff. of resistance of palladium and platinum
at high temperatures; the large negative thermoelectric power of palladium
and platinum; the increase in the absolute magnitude of the thermoelectric
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P,madiinU whenrit js alloyed with copper, silver, gold, or hydrogen
and the sudden decrease for higher concentrations ; the sudden change in the

thrhehf Cffy °f, resistahoe of ferromagnetic metals at the Curie point;
the behaviour ofthe thermoelectric power ofnickel near the Curie tem perat&re

Electromagnetic Equations of the Superconductor F. and H. London
(Proc. Roy. Soc., 1935, [A], 149, (866), 71-88).—S.

e i Transition Curves of Superconductors. R. Peierls (Proc. Rov
nrnn f (88®)> 613-628).—Theoretical. Discusses the magnetic
properties of a superconductor for that range of external field stren?th in

stltrtTan oZL -S.G! N gt N N B S

A Guggenheim (Proc. Roy.

Contact Potential, Energy of Emergence, and Thermoelectric Potential.—I
r' 1934’ 65>f91-201; Chem. Zentr., 1935,106, (I1), 20 «
G. Abs., 1936, 30, 5089).—This first paper of a series reviews the work of others

the S r ?2 6" ' “t al8 T d semi-conductors and outlmes problems
LI . which is to be undertaken experimentally. S.

r AT" L?rHOL Be(™een Energy of Emergence and Contact Potentlal—ll
n'h 1934’ 65>202-207 ; Chem. Zentr., 1935,106, (I11), 201
C. Abs., 1936, 30,5089).—See also preceding abstract. The difference between
the energy of emergence and that of the contact potential of tungsten and
p atmuin was experimentally determined as follows : An electrically heated

w ™ n WaSsPutt®?d WIth fnngsten on one side. By meansofa screen
ystem, small currents of electrons (equal portions on each side) were made to

aW rW |0n eapll.sld®a®an an°de- The current of electrons on each side was
\n reiftmn to the accelerating potential. The value of the saturation

breaks Ebeginning ofsa'turationg oe{?IYeottNe(;nﬁn S”g?\?es tne ddsflfarrgﬁc%ertr\{vggﬂttahc%
potential. Such measurements substantiated the theoretical requirement
tfiat the energy of emergence in volts, disregarding sign, is equal to the differ-
*mi.n oontaf f potentials, for the case of tungsten-platinum.—S. G.
The Relation of the Contact Potential to the Condition of Strain of a Metal

188, BT), %1 &7 Rbs. Ti%h6Tdb 5080) 1929 PRcéditifdtsn ™ EXpEnntdnt:
d,™0Camf °! faress ny change _m the energy of emergence with
change m the strain of the metal surface.” The differencé between the energy

of emergence for the strained and unstrained surface was measured by the
difference in the contact potentials. A nickel sheet 0-8 mm. thick can be bent
m a vacuum to a cylmder of4 cm. radius without exceeding the elastic limit.

urface expansion amounts to about 1% ; volume expansion to about 0-3%
Current-voltage lines were plotted before and after the bending ofthe metal for
a current of electrons flowing from a glowing cathode to the metal under
investigation as anode. The shift in such lines along the potential axis then
gives the change in contact potential. The experiments showed that with an

iTIO A"v-S G change in energy of emergence was certainly less than

8 8L|1Lthe/n PP]lCatl”" f ths Dlrac Matrlx Method to the Theory of Metals.
kademn Na S.S.R. (Rep. Acad. Sci. U.S’S.R.), 1935

0 |K io /o Ru55|an)5 and Compt rend. Acad. Sci. U.R.S.S., 1935, TN.S 1

3, 15-18 (m German)) —Theoretical. The method is applied to the problem
r°n gaS undcr tlle hiflucnce of an alternating electric field. N. A.

« t- i-toteraction of Atoms and Molecules with Solid Surfaces. |. The

Activation of Adsorbed Atoms to Higher Vibrational States. J. E. Lennard-

Jones and C. Strachan (Proc. Roy. Soc., 1935, [A], 150, (870), 442-455).—The
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behaviour of an atom or molecule adsorbed on the surface of a solid is in-
vestigated by wave-mechanics. Formulas are found for the mean interval
between successive excitations from the state of lowest vibrational energy to
various excited states and for the mean time during which the atom remains in
an excited state. An application is suggested to the theory of the migration of
atoms along surfaces.—S. G.

*The Interaction of Atoms and Molecules with Solid Surfaces. 11.—The
Evaporation of Adsorbed Atoms. C. Strachan (Proc. Boy. Soc., 1935, [A], 150,
(870), 456—164).—Cf. preceding abstract. A formula is obtained for the
probability of evaporation of an adsorbed atom or molecule from a solid
surface. The theory is applied to the evaporation of H2, HD, and Dafrom a
metal, and it is shown that over a wide range of temperature the average
length of time spent by HD on copper is about 4-6 times that of H2, while
the time spent by D2is about 20 times as great as that ofH2—S. G.

*The Interaction of Atoms and Molecules with Solid Surfaces. 1l1l.—The
Condensation and Evaporation of Atoms and Molecules. J. E. Lennard-Jones
and A. F. Devonshire (Proc. Boy. Soc., 1936, [A], 156, (887), 6-28).—Cf.
preceding abstracts. A detailed theory of the evaporation and condensation
of atoms and molecules at solid surfaces is worked out. Formulae are found
for the probability that an impinging particle will condense on to a solid
surface and for the length of time that it will remain there. The theory thus
provides explicit formulae for the constants which occur in Langmuir’s adsorp-
tion isotherm in terms of the physical properties of the solid and its surface
field. The mechanism by which evaporation is supposed to take place is by
the transfer of a quantum of the thermal energy of the solid to the adsorbed
atom. As thermal quanta are as a rule small, the energy applies mainly to
atoms and molecules held by weak forces such as van der Waals’ forces. It
is found that evaporation may, even at low temperatures, take place in two or
more stages, an atom being first excited to a higher vibrational level and then,
while in that excited state, receiving another quantum of energy sufficient to
cause evaporation. To illustrate the effect of mass the probabilities of con-
densation and evaporation of H2 HD, and D2 are evaluated in typical cir-
cumstances. The coeff. of condensation is found in many cases to be quite
small and not equal to unity, as is frequently assumed.—S. G.

*The Interaction of Atoms and Molecules with Solid Surfaces. IV.—The
Condensation and Evaporation of Atoms and Molecules. J. E. Lennard-Jones
and A. F. Devonshire (Proc. Boy. Soc., 1936, [A], 156, (887), 29-36).—Cf.
preceding abstracts. A theory of evaporation of atoms from a solid surface is
worked out for a model in which an adsorbed atom can vibrate radially and
laterally about its point of attachment, but cannot migrate. Evaporation is
controlled by the rate at which thermal energy is communicated from solid to
the adsorbed atom. The condition for detailed balancing between adsorbed
and evaporated states gives an equation for the adsorption isotherm in terms
of the energy levels of the adsorbed state.—S. G.

*The Interaction of Atoms and Molecules with Solid Surfaces. V.—The
Diffraction and Reflection of Molecular Rays. A. F. Devonshire (Proc. Boy.
Soc., 1936, [A], 156, (887), 37-44).—Cf. preceding abstracts. A theory of the
diffraction and reflection of molecular rays at crystal surfaces is worked out.
It is shown that the minima in the diffraction and reflection curves of He and
LiF observed by Frisch and Stern are capable of a simple explanation, and that
they can be used to deduce information about the potential energy of the gas
in the field of the solid.—S. G.
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I.—PROPERTIES OF ALLOYS

(Continued from pp. 389-395.)

tRunning Properties of Aluminium-Bearing Metals (Quarzal). Maximilian
(Frhr.) von Schwarz (Z. Metallkunde, 1936, 28, (9), 272-275).—The Quarzal
alloys consist of aluminium with 5-15% copper and small amounts of heavy
metals and constituents which produce precipitation-hardening. The running
properties of 5 of these alloys are shown graphically, and photomicrographs of
their structure are reproduced. The 5% copper alloy will withstand bearing
pressures of up to 150 kg./cm.2 but is most satisfactory at 80 kg./cm.2; it can
be used with running speeds up to 10 m./sec. and in well-lubricated bearings
the running temperature averages 70°-90° C. Since the coeff. of expansion is
about double that of steel, due allowance must be made for this in constructing
the bearings. The Quarzal alloys have a low sp. gr., wear better than tin-base
bearing metals especially under impact conditions, and withstand higher
temperatures without seizing or melting.-—A. R. P.

tVanadium and Zirconium as Constituents of Aluminium-Bronze. C.
Panseri (Alluminio, 1936, 5, (2), 37-45).—The effects of small additions of
vanadium and zirconium to a-aluminium-bronzes has been investigated, and
the results are shown in micrographs and in data for the mechanical properties.
Vanadium is insoluble in both liquid and solid copper, but up to 0-25% can be
introduced into aluminium—bronze to improve the tensile strength at the
expense of the ductility. Zirconium tends to embrittle the alloy and even
small additions greatly reduce the rolling properties.—A. R. P.

tInfluence of the Method of Deformation and Thermal Ageing on the Fatigue
Strength of Aged Aluminium Alloys. H. Bohner (Metallivirtschaft, 1936, 15,
(35), 813-814).—Alternate bending tests have been made on an aluminium
alloy with copper 5-65, manganese 0-67, silicon 0-14, and iron 0-23% after
various heat- and mechanical treatments. W ith age-hardened rods, those pro-
duced by extrusion show an endurance limit of 1 kg./mm.2less than that of
those produced by rolling or drawing, both of which give 14-5 kg./mm.2
Quenching temperatures had no effect on the results, but increase in ageing
temperature or time increases the endurance limit.—v. G.

tMechanism of the Decomposition of Aluminium-Magnesium Solid Solutions.
Paul Lacombe and Georges Chaudron (Compt.rend., 1936,202, (21), 1790-1792).
—The difference of potential between the calomel electrode and an electrode
of the alloy immersed in an aerated solution of 3% sodium chloride was
measured with a Curie electrometer. A 9% magnesium-aluminium alloy
made of very pure metals was quenched and tempered at 300° and 200° C. for
periods of from 30 minutes to 400 hrs. After tempering below 280° C., the
potential of the solid solution first rises and then, after prolonged treatment,
reverts to its initial value. Corrosion measurements confirmed this. Curves
representing the rate of corrosion as a function of the time of tempering were
drawn by the Thyssen-Bourdouxhe method. For low temperatures, the rate
of corrosion has a distinct and high maximum, but after prolonged tempering,
the rate of attack tends towards the original value. Alloys made with com-
mercial metals, and containing 0-2% silicon and 0-15% iron, have a higher rate
of precipitation. It appears that the constituent precipitated at a low tem-
perature and at the beginning of the phenomenon is unstable and richer in
magnesium than the compound AI3Mg2, which constitutes the [3-phase. Such
a mechanism implies necessarily a magnesium contentofthe a-phase lower than
that at equilibrium.—J. H. W

tLight Metal Alloys with an Aluminium-Magnesium Base for Use in Auto-
matic Cutting Machines. Hans Bohner (Z. Metallkunde, 1936, 28, (9), 290-
293).—Hydronalium alloys are especially suitable for cutting on automatic
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machines as they give short, brittle turnings owing to the presence of Al*Mg,.
Addition of up to 2% manganese and small amounts of chromium, whi

form hard intermetallic compounds with magnesium, aluminium, and Al2 g3,
improves still further the cutting properties. The presence of Mg2Si, MgZn
and the ternary aluminium-magnesium compounds with zinc or copper also

*0n 'the Question'erf Aluminium for Automatic Machines. Georg Masing
and Gunther Ritzau (Z. Metallkunde, 1936, 28, (9), 293-296 ; ~ ‘seussion,
296-297).—Addition of lead to aluminium resultsi in short brittle turnings
when the metal is cut or drilled in a lathe. The lead may be added by stirring
the molten metal with lead chloride or, in the
it as an alloy with copper and nickel, e.g. copper 62-5, nickel 12 o, and le
25°/  Segregation of the lead is very small in the second case, but may be
fairly considerable in the first. The presence of lead reduces the resistance of
Duralumin to corrosion somewhat but has no effect on its ductility. —A. R. r

Influence of the Structure on the Working Properties and Cutting Surface
of Aluminium Alloys for Automatic Cutting Machines. E. Vaders (Metall-
tic hrft 1Q3R 15 135) 814-817).—The hardenable aluminium alloy Tordal

- «e ** d work,biBty, . -ubl.

W. Hofmann and K. E. Volk (Metallwirtschaft, 1936,15, (30), 699 701). |he
compound Ag,Al (aluminium 7-7%) is cubic face-centred above 600 C. (at
700°c T J 324 A)), between 600° and 400° C,, it is close-packed hexagonal
(at 570°C a = 2-90, c= 4-71 A, c/a = 1-62), and at lower temperatures it

i S i alloys, a study was made with an alloy contammg 40% silver
ouenched from 550° C. in water, after heating at that temperature for 30
minutes followed by ageing at room temperature for 20 days and tempering
for 6 hrs. at 60°, 100°, 150° C., &c., respectively, and then cooling slowly

the furnace The variation in lattice constant, density, and hardness of the
specimen due to the above-mentioned treatments was measured; dotation
and electrical resistance curves of the quenched specimen during slow beating
were also taken. As a result of these measurements it is concluded thafm
the course of ageing the hardness attains a maximum value just prior to the
separation of the crystallites, while it decreases after their separation This
resuhTis hi agreement with the so-called solid solution theory of age-harden-

m *The Influence of Sodium and Calcium on Industrial Aluminium. (Grasht-
Ch*X"Ray'Vtudy'of''the Aluminum Zinc System. Ichiji Obinata Masami

Haeiva and Sigeyuki Itimura (Tetsu to Hagane (J. lron Steel Inst. Japan),
1936' 22 (8) 622-629).—[In Japanese.] The alumimum-zmc alloys m th

srassaV ft— t
isarjA A asss s.
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during the process. It should be noted, however, that the lattice constant of
quenched 3 decreases anomalously during ageing and that the complete
decomposition of the phase is scarcely attainable at ordinary temperature
The complicated changes in physical properties of the quenched alloys due to
agemg are explamed crystallographically.—S G

A 21 A ii . i ¢
193728 720> o TeH R 0hes 00 edM o e Bt Mbgbaen im PAEIEDENANE
machine on Duralumin, Bondur, Elektron, and Silumin are compared with
those obtained with the Schenk machine. The higher results given by the

fmpact~tot.-! R P° attributed to the leased rate of deformation in the

fProperties and Alloys of Beryllium. (Stott.) See p 410
|(If’\r€ds rZI o ?A\&WQ PACD, 768e-769e).—A cgdmiun{!-“]s(l)logtrr-%g]ppg\r/l%%glrri]rﬂséjt
alloy has been developed to provide a higher melting point and greater fatigue
resistance than tm-base Babbitt. The addition of silver makes the cadmium
and ,u,zeptlble’t®.°.xldation at the casting temperature, improves the fluidity,
n “i36 °n the structural and physical characteristics of

cadmium T bel ] |

cadmium. The hardness increases with the silver confent, but the addition of

copper permits a reduction of silver for the same hardness. The alloy has a
| t On n tm-base or copper-base alloys.—J. H. W.

The System Iron -Chromium -Chromium Carbide (Cr7C3)-Cementite (Fe.C)

AN i AN A, 1
WetmorSn S % 9 1wy, 607-617).— ThEsys b e o it S B R

to nmo/ ,,n

pranbip °~ omiam ~ to the Ee3C-Cr7C3 hne has been examined by metallo-

graphic, thermal, dilatometnc, magnetic, and X-ray methods. The existence

triSonal chromium carbides discovered bl)(/ W estgren, Phrag-
e

men and t
up iron by atom

men, and Negresco was confirmed and their capacity to ta

Y ARESRO8E s iunm MaNE AEoREM ol dTon afiBiROM NS Hade SRS hiS e
or more. 4 four-phase equilibria involving a liquid phase occur: (1) liquid

(  omium 38-6, carbon 2-2%) -f (Cr, Fe)4C (chromium 76-0, carbon 8-34%)

w U S S fr . +.(Cr>JerC3 (chromium 80-0, carbon
oc v, Non/ ’ liquid (chromium 30, carbon 2-4%) + a Echrommm
26, carbon 0-37) A y (chromium 20, carbon 0-6%) + (Cr, Fe)-C, (chromium

, carbon 8-26%) at 1260° C.; (3) liquid (chromium 8, carbon 3-6%) 4-

rFe® rvw "T 11 cal'bon 1'5%) ~ (CD he),C3 (chromium 54, carbon 7-68%) -f

bri + OrTIT i T.0 t 1130° The four-ph ifili-
tvr,lffIm v ' ! a + (Fe,Cr),C3 oaccurs at 790° é’.einmtjrqep s%?]ed es%{el,
d Qit(f/°S .2n i participating phases being chromium 2-6, 2-0, 62-0
at 800° io “ o @fbon ioof” ~ . respectively. Annealm
A 40~6% chromium results in the separation o

the britBe n
Retried g ~ nlagnCitlC FeCr compound irrespective of the carbon content.

Detafled eq”bnum diagrams for alloys with a constant chromium content
12, 15, 20, 30, 35, 40, 45, 50, and 60% are given, together with photo-
micrographs of numerous characteristic structures. A. R. P.

A . . . . . , .
we.netg30erdsh 098 (o] 115-118).—1n tne TRONEN ARG RSBAN N
copper are miscible m all proportions, but as is the case with the copper-iron
and copper cobalt systems separation of the metals takes place on solidifica-
and ihenT “ T* * ~olidify as S-solid solution which changes to y
b™ “ on coohng all alloys with up to 8% copper except those in the
iron comer solidify as y-ternary solid solution, and alloys with 8-96% copper
solidify as a heterogeneous mixture of y and copper. The y-a transformation
occurs in aU alloys the composition of which lies in the field between the iron
corner of the ternary diagram and a straight line joining the copper comer
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with the 79% cobalt, 21% iron point. The eutectoidal equilibrium of the
iron-copper system is displaced to higher temperatures by addition of cobalt,
reaching a maximum temperature in the section 100% copper—50 :50 iron-
cobalt, and falling to room temperature with further increase in cobalt.
X-ray examination and density measurements have confirmed the existence
of the compound FeCo.—A. R. P.

*X-Ray and Electrical Investigations in the Copper-Gold System. C. Il.
Johansson and J. O. Linde (Ann. Physik, 1936, [v], 25, (1), 1-48).—A new
phase with an ordered rhombic lattice with 40 atoms in the unit cell has been
discovered in copper—gold alloys with 47-53 atomic-% gold after quenching
from about 420° C. In alloys with 36-47 and with 53-65 atomic-% gold the
new phase can he obtained by prolonged tempering at 200°-400° C. Alloys
with 65-80 atomic-% gold after a similar treatment show only very feeble
superstructure lines. The electrical conductivity has been measured through-
out the system after various heat-treatments and the hearing of the results on
the structural changes is discussed.—v. G.

1Constitutional Diagram oi the Copper-Silicon-Aluminium System. Chiuyo
Hisatsune (Tetsu to Hagane (J. Iron Steel Inst. Japan), 1936, 22, (8), 597-622).
—[In Japanese.] The constitution of the whole ternary system was investig-
ated. No ternary intermetallic compound was observed. 15 definite con-
stituents that have been determined in each binary system were also found to
occurin the ternary system. There are 11 surfaces of primary separation, and
8 invariant points on the liquidus surface; among them 2 points are ternary
eutectic, one point ternary peritectic, and 5 points peritecto-eutectic. Both
the @-phases of the copper-silicon and copper-aluminium systems are com-
pletely soluble in all proportions in the ternary system, and decompose into
a _j—yt' the univariant reaction line of this decomposition has a minimum
point at about 500° C. Two invariant reactions in the solid state, yt-f y, Zfi
y -fa, yt-- 7~ a+ et", are found to exist at 675° and 495° C. Five
invariant reactions : yL+ eZa p S+ Si,e2a % 8-- £i+ Si, @ 8+ C2+
Si, e2a + ! AN+ Si, Cr+ 1)l X2 + Si, and two ternary polymorphic
changes due to the t'1 t 2phases take place at almost the same tempera-
tures as in the binary system copper-aluminium. Four ternary polymorphic

changes due to the gz, e/ and e/ t," take place at: 600 C., vy, +
e.it e'+ X ; 550°C., y(+ */ s+ X ; 585°C., y;+ e, ¢/ _+Si;
and 525° C., vy, + e, + Si, respectively. The limit of solubility of

silicon and aluminium in solid copper was also determined. S. G.

The Static Tensile Properties of German Standard Tin-Bronzes (Phosphor-
Bronzes) in the Cast (Annealed and Unannealed) State at Room Temperature
and at Higher Temperatures. Willi Claus and Claus Goetzel (Giesserei, 1936,
18, (7), 154-158; (9), 206-219).—Tables are given showing the tensile pro-
perties of annealed and unannealed castings of phosphor-bronzes (containing
6, 10,14, and 20% tin) at temperatures between 20° and 500° C.; notes on the
micro- and macro-structure are also included and the results summarized in a
series of space models. Except in the case of the 14% tin alloy annealing the
castings without previous deformation has little or no effect on the properties
at any temperature. The 14% tin alloy has a tensile strength in the as cast
state of 23 kg./mm .2 a yield point of 15 kg./mm .2 an elongation of 7% and a
Brinell hardness of 79; after annealing the corresponding values are 32, 13,
33, and 67. All the alloys can be heated to 300° C. without undergoing any
appreciable loss of strength or ductility. Since all four alloys when properly
cast have superior mechanical properties to those specified in DIN 1705, C. and
G. suggest that the tin content in the specification be reduced by 27 (1~ in
the cast ofthe 6% alloy).—A. R. P.
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*The Photoelectric Effect of Metallic Alloys.-l1. fCopper-Tin]. Luigi
iruuf a  Giuho Galliano (Annali chim. applicata, 1936, 26, 30-34; G. Abs.,
1936, 30, 6636).—The photoelectric sensitivity to the entire range of radiation
ot a mercury arc of alloys of copper with tin with variation in composition was
measured. A special cell was used which permitted comparison ofthe emission
irom 4 alloys, as well as from copper as reference, to be made simultaneously.
A photoelectric sensitivity-composition diagram was constructed. There are
singular points corresponding to the compounds Cu4Sn, Cu3Sn, and CUSSrb.-?.

*0n the Diffusionless Transformation of the (3-Phase of Copper-Zine Alloys
E. Kaminski and G. Kurdjumow (Metallwirtschaft, 1936, 15, (39), 905-907)._
At — 14° C. (3-brass appears to undergo a transformation into a tetragonal
phase with a = 3-755, c = 3-586 A.—v. G.

"Precipitation-Hardening of Gold-Nickel Alloys. Werner Koster and W alter
Dannohl (Z. MetaUleunde, 1936, 28, (9), 248-253).—Nickel and gold form a
continuous series of solid solutions at high temperatures, but at room tempera-
ture the alloys containing 5-98 atomic-% nickel consist of 2 face-centred solid
solutions, a nickel-rich and a gold-rich. The heterogeneous range extends

97 atomic-% nickel at 400° C., from 22 to 95 atomic-% nickel at
n Ci’™ o m.J581t0,88 atomic-% nickel at 800° C. Alloys quenched from
above 850 0. begin to decompose on reheating at 400° C., generally alon-r the
gram boundaries; on more prolonged heating new nuclel are formed in the
gram centres and decomposition proceeds from these outwards and from the
gram boundaries inwards; simultaneously the electrical resistance falls and
the coercivity, remanenoe, magnetization, and hardness rise, the first and last
much morerapidly than the second and third. The hysteresis loop of quenched
alloys is very small, but rapidly broadens as precipitation occurs and then
contracts again as the new phases coagulate. Maximum precipitation hard-
ness is obtained with the 60 atomic-% nickel alloy; the quenched alloy of this
composition has a lattice parameter of 3-77 A. instead of the theoretical
. aPPears to contaln an unstable gold-nickel compound, Eossiblg
AuN|20rAuN|3—A R.

-Ctol Silvei °n ~ead; .J- Veil! Greenwood (Ohern. Eng. Min. Rev., 1936,
¢H, (330), 384). —binatl additions of silver to lead, although not greatly affectmg
the hardness, appreciably reduce the rate of deformation under stress. The

n j )"ere under a stress of 500 Ib./in.2in direct tension in the “ as
rolled condition and after annealing at 125° C. for 24 hrs. The percentage
r = [/ m-lengthafter "Odays was as follows: virgin lead, containing
bibsdver’ 6-0 (as roUed) and 6-6 (annealed); silver 0-001%, 9-5 and
1 ' and 3-2; silver 0-05%, 3-2 and 3-4; silver 0-10%,
6-4and 7-3. Although 0-05% tellurium increases the Brinell hardness of lead
irom 3-5to 7, as opposed to 3-5-4-5 for the same amount of silver, the hard
tellurium alloy creeps at a much greater rate than virgin lead under a stress of
500 Ib./in. . lhe properties of these silver alloys are appreciably altered by
heat-treatment, and this is being further investigated.—J. H. W.

tNew Equilibrium Diagrams ior the Systems Lead-Thallium and Lead-
Thallium Cadmium. Correction. Ernst Jiinecke (Z. Metallkunde, 1935, 27,
nir, , Met. Abs., 1935, 2, 153. New experimental work by Olander

J f‘* ’ X’ 421) indicates that the two-phase field between the lead

| folutions should extend from 49 to 55% lead, and that the
1b II3f|eId should end at about 10% lead on the thallium side. No changes are
required for the lead-thallium—eadmium system.—S. G

»Physical Properties of Soit Solders and the Strength of Soldered Joints.

a r\'r Mnlelm ni 9 1 (Metals Technology, 1936, 3, (5), 23 pp.; and
i'7r o, Tech. Publ. 727; also (summaries) Iron Age, 1936,137, (9) 30-33-
and Meek. World, 1936, 99, (8), 347-348).—Four series ofsolders were prepared
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from lead and tin ofdifferent purities. In each series, solders of 7 or 8 composi-
tions were prepared in the range 15-63% of tin, and the physical properties
were systematically compared. Data are given for the electrical conductivity,
impact strength, shear strength, tensile strength, and elongation values of the
solder alloys, and also for the strengths of soldered lap joints of 70 : 30 brass.
A method of soldering was devised which practically eliminated porosity in
single lap joints ; this consisted in flowing solder into a properly prepared wide
joint, and then squeezing the joint members to the desired standard narrow
width whilst the solder was still molten. In all four series, solders containing
35 and 40% tin gave markedly superior joints. The electrical conductivity of
all the solders increased by about 5% on ageing at room temperature for
6 months. No great differences existed between the four series, and the
original must be consulted for details of the impurities and their effects
—W. H.-R.

*On the Heat Conductivity oi Superconductive Alloys. H. Bremmer and
W.J. deHaas (Physica, 1936,3, (7),692-704; and Comm. K.Onnes Lab. Leiden,
No. 243c).—[In English.] The heat resistance of lead-tin alloy, Rose’s
metal, and indium-lead alloys ofthree different concentrations was determined.
The heat resistance increases rapidly at very low temperatures, but more
slowly than Z./LT, which was predicted by theory. The influence of the
magnetic field is complicated and gives rise to the hypothesis that the field
penetrates at values which do not disturb superconductivity. Discon-
tinuities may appear at the threshold values of either the alloy or of any of
the superconductive components.—S. G.

Contribution to Our Knowledge of Magnesium Casting Alloys. H. Busch
(Ciesserei, 1936, 23, (13), 290-295).—The structure of magnesium alloys con-
taining up to 10% ofaluminium, zinc, manganese, and silicon is described with
reference to the equilibrium diagrams and micrographs. The mechanical
properties and microstructure of Elektron containing aluminium 9-5, zinc 0-5,
and manganese 0-3% after various heat-treatments are shown in tables and
photographs. The following table illustrates the changes produced by various
heat-treatments in a nitrogen atmosphere :

Ultimate

Brinell Yield-Point, Elongation.
Hardness.  Kg./mm.1 ﬁtlae/nn?rwa_ ogA,
As cast . . . . 67-5 11-8 16-75 1-6
| hr. at 390° C., quenched 65-9 11-7 17-6 2-25
32 hrs. at 425° C., quenched . 55-5 10-8 20-5 4-2
32 hrs. at 425° C., cooled at
10° C./hr. to 350° C,,
quenched . . . . 53-3 10-3 25-3 9-5
5 hrs. at 440° C., cooled at 4°-
2° C./minute to 20° C. 66-2 12-8 20-7 3-5
—A. R. P.

*Advances and Present Position of the Use of Elektron Metal. Walther
Schmidt and Paul Spitaler (Z. Metallkunde, 1936, 28, (8), 220-222 ; discussion,
222-224).—Elektron AZ855 contains zinc 0-5 and manganese 0-1% and has a
tensile strength of 32-8 kg./mm.2at 20° C. and 19-2 kg./mm.2at 200° C. with
corresponding yield points of 23-6 and 15-4 kg./mm .2, elongations of 12-6 and
23-9%, and Brinell hardness values of 68 and 50. Alloy AV9 is a hardenable
alloy for sand-castings and has a similar composition exceptthat the manganese
content is 0-3%; after homogenization at 420° C. in a sulphur dioxide atmo-
sphere or in a bichromate salt-bath (a 3 : 1 mixture of sodium and potassium
bichromate, melting point 266° C.) and ageing at about 200° C. the alloy has

I X
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a tensile strength of 24-27 kg./mm.2 a yield point of 10-11 kg./mm.2 and
an elongation of 10%. Several examples of the use of these alloys for making
drop forgings and other parts for aircraft work are illustrated.—A. R. P.

~Magnetic Atomic Moment of Manganese Dissolved in Copper, Silver, and
Gold. Gotthard Gustafsson (Ann. Physik, 1936, [v], 25, (6), 545-560).—The
magnetic susceptibilities of copper, silver, and gold containing up to 4-7
450 C. manganese have been determined at temperatures between 20° and

*X—Ray Analysis of Manganese-Rich Manganese-Silicon Alloys. K.
Amark, B. Boren, and A. Westgren (Metallwirtschaft, 1936, 15, (36), 835-836).
—Manganese alloys with 14-25% silicon quenched from 1000° C. show lines
ol the cubic phase Mn3Si. After annealing at 600°-800° C. the X-ray diagram
shows numerous feeble lines, difficult to interpret, but apparently indicative of
complex transformations. The atomic arrangement in the hexagonal phase
IMn5Si3was also investigated.—v. G

tMagnetic Anisotropy of Nickel-Cobalt Single Crystals. J. W. Shih (Phys.
Rev., 1936, [ii], 50, (4), 376-379).—The magnetic properties of single crystals
ot nickel—€obalt alloys have been studied in the face-centred cubic range with
a pendulum magnetometer. The direction of easiest magnetization changes
from <111> to <100> as the cobalt content increases from 3 to 10%, but
changes back to <111> when the cobalt content is more than 20% The
theory of Powell and Fowler (Proc. Roy. Sac., 1930, [A], 130,167) is inadequate
to explain those results. There is a discrepancy between the present results
and those of Masumoto (J. Inst. Metals, 1927, 38, 413) for polycrystalline
specimens.—W. H.-R.

A “ Free Machining ” Monel Metal. 0. B. J. Fraser (lron Age, 1936, 138,
(7), 37).—Briefly describes the properties of “ R” Monel metal.—J. H. W.

*X-Ray Investigations in the Ternary System Nickel-Copper-Zinc. J.
Schramm and 0. Vaupel (Metallwirtschaft, 1936, 15, (31), 723-726). The
phase fields at low temperatures in the system have been determined bv
X-rays.—v. G

tRolling and Recrystallization Textures of Iron-Nickel Alloys in Relation to
the Magnetic Properties.—Il. Otto Dahl and Franz Pawlek (Z. Metallkunde,
1936, 28, (8), 230-233).—The variations in the tensile strength, elongation,
coercivity, and magnetic permeability of 60 : 40 iron-nickel alloy in directions
inclined at various angles to the direction of rolling are shown in polar co-
ordinates after different heat and mechanical treatments. After cold-rolling
to 80% reduction, annealing at 1000° C., and cold-rolling to 50% reduction
there is relatively little directionality in any of these properties; the same is
true for 50% cold-rolling before and 94% after the annealing operation, but
this treatment increases the values of all the properties except maximum
permeability. After cold-rolling to 50% reduction, annealing at 700° C.,
cold-rolling to 98-5% reduction, and annealing at 1100° C. to produce a fibre
structure the elongation is a maximum at 45° to the direction of rolling and
a minimum in the direction of rolling and perpendicular thereto while the
remanence, permeability, and tensile strength behave conversely and the
coercivity is constant in all directions. After 98*5% reduction by cold-rolling,
annealing at 1000° C. and cold-rolling to 50% reduction the maximum perme-
ability and remanence are very high perpendicular to, and very low in the
direction of rolling, the converse being true for the other properties. Some-
what similar results are obtained with an alloy of nickel 34"8, copper 13, and
iron 52*2% ; after quenching from 1000° C. and cold-rolling to 94% reduction
the initial permeability is a maximum at 30° to the direction of rolling, the
coercivity a maximum at 30° and 60° to this direction and a minimum at 45°
while the tensile strength is fairly constant. The same alloy after furnace
cooling from 1000° C. and cold-rolling to 94% reduction shows remarkable
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increases in all the magnetic properties and a somewhat smaller degree of
directionality.—A. R. P.

*The Influence of Elastic Stresses on the Magnetization Curve [of Nickel-
Iron Alloys] with Alternating Current. Hans Littmann (Ann. Physik, 1936,
[v], 27, (3), 186-200).-—The effects of annealing and of tensile pulls and torsion
on the magnetization curve of nickel-iron alloy wires have been investigated.

—v. G.

*On the Effect of Tensile, Compression, and Torsion Stresses on the Longi-
tudinal Magnetostriction. Hermann Kirchner (Ann. Physik, 1936, [v], 27,
(1), 49-69).—The results obtained on nickel, nickel-iron alloys, and nickel
containing 0-5% beryllium are recorded.—v. G.

*On the System Nickel-Zinc. W. Heike, J. Schramm, and 0. Yaupel
(Metallwirtschaft, 1936, 15, (28), 655-662).—A re-examination of the system
has confirmed the results obtained in the authors’ earlier work (in 1933) in all
the essential points, despite adverse criticisms of Tamaru and of Caglioti.

—v. G.

White Metal and Bronze Bearings from the Manufacturer’s Point of View.
M. Melhuish (Proe. Inst. Automobile Eng., 1936, 30, 431-443; discussion,
444—452).—The manufacture of tin-base and lead-base white metals, the
common impurities and their influencé, and the effects of methods of alloying
are discussed. The several methods of lining with white metals are compared
and pressure die-casting is recommended. The properties and applications of
leaded bronzes, and copper-lead are described, followed by a briefreference to
phosphor-bronze in the cast and rolled conditions. In the discussion (at the
3 centres of the Institute where the paper was presented) adhesion of the lining
metals, clearances and lubrication were the principal points raised.—J. E. N.

Steam, Dry Air Anneal, and Normal Ageing Test Data on the Zamak Alloys.
(Zinc Alloy Pot, 1934, 2, (1), 8)—A table giving 3 types of data : 3-year
indoor ageing data representing a direct service test under normal conditions ;
2-year ageing at 95° C. representing a service test under continuous exposure
to the maximum temperature likely to be encountered; and 10-year steam
test—a reliable accelerated test accurately predicting the effect of long tropical
exposure.—S. G.

tDiffusion in Solid Metals. Robert F. Mehl (Metals Technology, 1936, 3,
(5), 46 pp. ; and A.I.M.M_.E. Tech. Publ. No. 726).—In the Institute of Metals
Division Lecture for 1936, M. gives a complete and critical review of the
phenomena of diffusion in solid metals, with a bibliography of references to
302 original papers. The paper deals with (1) the fundamental diffusion
equations and methods of determining the constants, (2) the physical theory
and the equations of Dushman and Langmuir, (3) rates of diffusion, (4) results
of metallographic investigations of structures produced by diffusion, (5) aniso-
tropic effects, (6) lattice distortion effects, (7) grain boundary diffusion, (8) sur-
face diffusion, and (9) applications to industrial processes of the results of
research work on diffusion. The lecture is an exceptionally interesting review
of the subject.—W. H.-R.

Precipitation from Cast and Worked Material. (Metallurgist (Suppt. to
Engineer), 1936,10,134).—Discussion of work by H. Bumm and V. Dehlinger,
Metallwirtschaft, 1936,15, (4), 89 ; see Met. Abs., this vol., p. 301.—S. G.

11.—STRUCTURE
(Metallography; Macrography; Crystal Structure.)

(Continued from pp. 396-397.)
fThe Boundaries of Metal Crystals. A Critical Review. E. H. Bucknall
(Met. Ind. (Land.), 1936, 49, (13), 311-316; (15), 369-373; (16), 396-399).—
The properties of crystal boundaries have been the subject of speculation and
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research for 35 years. The various theories are critically reviewed in the light
of most recent knowledge, and the development of Rosenhain’s theory is
traced. The properties of thin films and electrodeposited metals have been
studied, and led to the hypothesis that an adsorbed film is the material between
metal grains. It is suggested that a consideration of inter-crystalline pene-
tration by diffusing elements has indicated the importance ofactive adsorption
and points to the probability of formation of adsorbed layers at grain boun-
daries as well as external surfaces. A bibliography of 125 references is given.
—J. E. N.

*Some Studies in Microstructure of Zinc Coatings. W. E. Buck (J. Amer.
Zinc Inst., 1936, 17, 70-75).—Samples of hot-dipped spelter-coated or gal-
vanized sheets of long and short service were sectioned and examined micro-
scopically. Coating weights were determined either by the standard 2| in. x
2J in. spot test of the American Society for Testing Materials, stripping the
coating with hydrochloric acid and antimony chloride, or by a variation of
Cushman’s hydrogen evolution test. It is shown that the microscopic con-
firmation of the nature of the coatings may throw much light on unexplained
coating failures.—J. H. W.

*The Influence of Valency Electrons on the Crystal Structure of Ternary
Magnesium Alloys. F. Laves and H. Witte (Metallwirtschaft, 1936, 15, (36),
840-842).—The connection between the concentration of valency electrons
and the structure of some ternary magnesium alloys has been detected.
(Analogy to the Hume-Rothery Rule.)—v. G.

*The Crystal Structure of (3-Titanium. W. G. Burgers and F. M. Jacobs
(Z. Krist., 1936, 94, (4), 299-300).— [In English.] (3-titanium which is stable
above about 900° C. (882° ~ 20° C. according to de Boer, Burgers, and Fast
(Proc. K. AJcad. Wet. Amsterdam, 1936, 39, 515), has a body-centred cubic
structure with 2 atoms in the unit cell. The lattice constant just above the
transition temperature is a= 3-32 A.—W. H.-R.

*Energy Bands in Metallic Tungsten. Millard F. Manning and Marvin
Chodorow (Phys. Rev., 1936, [ii], 50, (4), 399).—Abstract ofa paper read before
the American Physical Society.—S. G.

*Anisotropy in the Atomic Vibrations of Zinc Crystals. |.—Evidence from
X-Ray Scattering. G. E. M. Jauncey and W. A. Bruce (Phys. Rev., 1936,
[ii], 50, (5), 408—112).—W. H.-R.

*Anisotropy in the Atomic Vibrations of Zinc Crystals. 1l1.—Diffuse Scatter-
ing of X-Rays from Single Crystals. G. E. M. Jauncey and W. A. Bruce
(Phys. Rev., 1936, [ii], 50, (5), 413-416).—W. H.-R.

*Anisotropy in the Atomic Vibrations of Zinc Crystals. 111.—The (0002)
and (1010) Reflections of MoK a X-Rays from Powdered Zinc. D. D. Miller
and E. S. Foster, Jr. (Phys. Rev., 1936, [ii], 50, (5), 417-418).—W. H.-R.

*On the Intensity of X-Rays Reflected from Zinc. Clarence Zener and S.
Bilinsky (Phys. Rev., 1936, [ii], 50, (5), 489).—A theoretical note.—W. H.-R.

Comparison of Linear and Volume Contraction in Intermetallic Compounds.

F. Laves (Metallwirtschaft, 1936, 15, (27), 631-639).—The lattice dimensions
of intermetallic compounds can be predicted only within certain limits.
—v. G.

*The Elimination of Systematic Errors in Powder Photographs. M. U. Cohen
(Z. Krist., 1936, 94, (4), 288-298).—[In English.] A general method is
developed for eliminating the most important systematic errors in X-ray
powder photographs when the camera is of such a type that the X-ray beam
enters the camera at the middle of the film. |If the camera construction is
such that the X-ray beam enters at the ends of the film, a further correction
for film shrinkage must be made. The adverse criticism by Straumanis
(Met. Abs., this vol., p. 306) of C.’s method is due to a misunderstanding.

—W. H.-R.
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*The Calculation of Precise Lattice Constants from X-Ray Powder Photo-
graphs. M. U. Cohen (Z. Krist., 1936, 94, (4), 306-310).—[In English.] The
details of C.’s method (preceding abstract) for eliminating errors in powder
photographs are further discussed.—W. H.-R.

Determination o Parameters in Debye Photograms of Polished Sections.
L. S. Palatnik (Zhumal Tehnicheskoy Fiziki (J. Tech. Physics), 1935, 5, (8),
1353-1355).—[In Russian.]—N. A.

Analysis of Material by X-Ray Diffraction Method.—I IlI. Herbert R.
Isenburger (Machinist (Eur. Edn.), 1936, 80, (28), 422—424e ; (29), 477~79e).
— (I.—) Discusses the theoretical considerations of X-ray diffraction analysis
and describes the equipment required. (Il.—) Describes the method of
carrying out the analysis and the interpretation of the results.—J. H. W.

tTheory of the Effect of Temperature on the Reflection of X-Rays by Crystals.
I1l.—High Temperatures. Allotropie Crystals. Clarence Zener and S. Bilinsky
(Phys. Rev., 1936, [ii], 50, (2), 101-104).— W. H .-R.

IV.— CORROSION

(Continued from pp. 397-402.)

tCorrosion Tests with Pure Aluminium and Aluminium Alloys. E. Zurbriigg
(Gas- w. Wasserfach, 1935, 78, 946; C. Abs., 1936, 30, 2156).—Experiments
were made with aluminium of varying purity in Neuhausen water. Aluminium
0f 98-99% purity was distinctly attacked by carbon dioxide, but 99-3% alu-
minium was not. In the past, corrosion of aluminium has been attributed to
the presence of copper or lead on the aluminium surface, due to introduction
during rolling, &c. These metals may also come from water previously
passing through lead or copper tubing. Weakly acid water, containing as
little as 0-05 mg. copper per litre, precipitated copper on the aluminium and
caused corrosion.—S. G.

tIntensification of the Tower Process and the Corrosion of Lead. 1. E.
Adadurov, A. |. Dmitrieva, and V. M. Zinovich (Zhumal Khimicheskoi
Promishlennosti (J. Ghem. Ind.), 1936, 13, 660-663; C. Abs., 1936, 30,
6515).—[In Russian.] Cf. Met. Abs., 1935, 2, 596. Lead is more strongly
attacked in the tower system the higher the temperature, strength of acid, and
amount of N203 present. To obtain a minimum loss of lead, the acid in the
Glover tower should not be stronger than 58°-59° Be, and the N20 3 should be
2-3-3%. The acid entering the Gay-Lussac tower should not be weaker than
59° Bé at not over 30°-35°. The intensity of the process is not effected by
these limits.—S. G.

Corrosion. V.—Corrosion and Water M ains. Thiesing (Gas- u.
Wasserfach, 1935, 78, 429-131 ; G. Abs., 1936, 30, 3389).—The phenomenon
associated with the corrosion of iron and lead water mains and the preventive
means adopted are briefly reviewed.—S. G.

The Chemical and Electrolytic Corrosion of Subterranean Conductors. R.
Gibrat (Ann. Postes, Télégraphes Téléphones, 1936, 25, (8), 717-743).—Corrosive
attack on underground conductors may be initiated either by chemical action
between the metal and the soil, or through the influence of stray currents from
an external source. The conditions governing both types of attack are re-
viewed, and a description is given ofthe use ofthe “ differential ” soil-corrosion
apparatus of Schlumberger in the investigation of 2 cases of electrolytic corro-
sion, which are both due to stray currents.—P. M. C. R.

Corrosion Tests on Galvanized Sheet. W. Radecker and R. Haarmann
(Ilust. Zeit. Blechindustrie, 1936, 65, (36), 1073-1074).—The Schreiber boiling
test, in which the corrosion products are retained on the surface of the test-
piece, is considered preferable to other methods (salt-spray, copper sulphate,
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solvent attack) which involve the removal of the corrosion product. The
Schreiber method is described. It is emphasized that actual atmospheric
exposure is necessarily more valuable than any accelerated method, and the
results of a series of such tests are given in the case of sheet manufactured by
different methods.—P. M. C. R.

*The Action oi Cream and Butterfat on Metals and the Influence of Metals on
the Quality of Butter and Butterfat. W. Mohr and A. Eichstadt (Molkerei-
Zeit. (Hildesheim), 1936, 50, 1480-1482; G. Als., 1936, 30, 6837).—Cf. Met.
Abs., 1935, 2, 384. Of numerous metals and alloys studied, V2A steel, alu-
minium, and chromium-plated or tinned copper strips were corroded least when
exposed in heated or soured cream. The same metals had least effect on the
flavour of butter. Chromium-plated copper and tinned copper were corroded
less than other metals by cream when exposed in combination with V2A steel,
aluminium, and copper. No flavour defects were produced in butterfat by
the use oftinned or enamelled containers, or by V2A steel containers.—S. G.

*Corrosion in Cooling Brines. H. Osterburg (Milchwirtschaftl. Zentr., 1935,
64, 303—307 ; Chem. Zentr., 1936, 107, (1), 170).—Investigations with solutions
of chemically-pure salts showed that alkali salt brines have least effect on iron,
while magnesium chloride solutions have the greatest. Potassium and sodium
chlorides are preferred for use with zinc. Alkali brines have the greatest
corroding effect on tin and aluminium. The quantity of metal dissolved was
remarkably small.—L. A. O.

Principles for the Simplification of the Testing Conditions in Corrosion Tests.
DIN 1703 .- (Z. Metallkunde, 1936, 28, (1), 20-21; and (abridged) Light
Metals Research, 1936, 4, (22), 384-385).—Standard conditions are laid down
for the selection of the test-piece, the preparation of the surface, and the dimen-
sions. In reporting results the nature and concentration of the corroding
medium, the temperature, and the presence or absence of air and agitation
should be specified. The results should be reported as change in weight and
change in mechanical properties; information should also be given on the
change in surface appearance, any change in structure, the nature and type
of corrosion products, and the change in the composition of the corroding
medium.—A. R. P.

Cleaning Copper Strips Used in the Determination of the Corrosive Action of
Petroleum Products. E. G. lvanova (Neft (Petroleum), 1936, 7, (6), 21-
22; G. Abs., 1936, 30, 6178).—[In Russian.] Satisfactory results were ob-
tained by treating copper strips with 5% ammonia and neutralizing with
oxalic acid.—S. G.

V.—PROTECTION

(Continued from pp. 402-404.)

*Modern Plated Aluminium-Copper-Magnesium Alloys and Their Properties.
Paul Brenner (Z. Metallkunde, 1936, 28, (9), 276-280; discussion, 280).—A
thin coating of pure aluminium (1% of the total thickness) on sheet of the
Duralumin type of alloys considerably increases the resistance to corrosion
without appreciably affecting the strength ; with a 5% coating the strength is
reduced by 5-7%, but the resistance to corrosion is practically equal to that
of pure aluminium and the metal will withstand more prolonged heat-treat-
ment without depreciation of the protective value of the coating by diffusion.
A very high resistance to corrosion without reduction in strength is obtained
by plating with the Hydronalium alloy BSS, which has a high surface hardness
and resists diffusion of the copper from the base-metal during heat-treatment.

—A. R.P.
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Protection of Aluminium Alloys from Corrosion. D. N. Shcvzov (Sudo-
stroenie (Shipbuilding), 1936, (5), 329-334).—[In Russian.] A review.—N. A.

Measures Against Corrosion in Aviation. V. 0. Kroenig (AviopromisMenost
(Air Industry), 1936, (4), 23-26).—[In Russian.] A review.—N. A.

Aluminium Plating for the Protection of Metals from High-Temperature
Oxidation. V. F. Negreev and S. G. Znaichenko (Neft (Petroleum), 1936, 7,
(5), 24-25; G. Abs., 1936, 30, 5924).—[In Russian.] The advantages of
aluminium plating various parts of equipment exposed to high temperatures
are discussed.—S. G.

*Porosity Tests for Zinc-Coated Iron and Steel. W. A. Koehler and R. 0.
Burford (Electrochem. Soc. Preprint, 1936, Oct., 241-244).—It has been found
practical to apply the Walker test for pin-holes, when iron or steel is coated
with zinc, using an external e.m.f. to produce ferrous ions at the points where
the iron is exposed. Paper impregnated with a test solution can also be used
for the test with or without an external e.m.f., depending on the nature of the
metal coating on the iron.—S. G.

*Some Studies in Microstructure of Zinc Coatings. (Buck.) See p. 458.

« *Influence of Hot-Dip Galvanizing on the Endurance Bending Strength and
the Regularity of the Tensile Properties of Drawn Steel Wire. Franz Greis and
Herbert Ruppik (Arch. Eisenhiittenwesen, 1936-1937,10, (2), 69-71).—Hot-dip
galvanizing of steel wire reduces the endurance limit (alternate bending test)
owing to the formation of the hard zinc-iron intermediate layer and the
roughening of the surface in the pickling bath. These effects are enhanced by
irregular quenching as the wire leaves the zinc bath, but may be mitigated to
a considerable extent by annealing followed by a careful quenching.—A. R. P.

Longer Life for Galvanizing Furnaces. Wallace G. Imhoff (Machinist
(Eur. Edn.), 1936, 80, (1), 18b-20b).—The destructive forces acting on the pot
in hot-galvanizing are briefly considered, with particular reference to the
action of galvanizers’ dross and of sal ammoniac.—J. H. W.

A New Galvanizing Furnace. W. H. Spowers, Jr. (Heat-Treat, and
Forging, 1936, 22, (7), 356-358 ; and Indust. Heating, 1936, 3, (6), 375-378).—
Heating of a large galvanizing pot by radiation from electrical elements showed
many advantages, but cost of electric power in many districts in U.S.A. pre-
vented its wider adoption. The principle has been extended to other fuels, and
an installation is described in which the galvanizing kettle is heated by vertical
tubes of chrome-nickel alloy, heated from the inside by gas, and applying to
the side walls of the galvanizing kettle heat given off by the glowing tubes.
Perfect heat control, long life for the kettle, fuel economy, very low dross
formation, and low heat losses are among the advantages claimed.—J. E. N.

To Exhibit New Zinc Plating Process at Metals Exposition. —  (Amer.
Metal Market, 1936, 43, (200), 3).—A brief note of a new process using a new
brightening agent, which is claimed to be particularly adaptable for use in
barrel plating of building hardware, radio parts, electrical fixtures, and other
metal equipment where attractive appearance isimportant. The new brighten-
ing agent is a liquid which is easy to handle and control. It is non-corrosive,
non-inflammable, and non-toxic.—-L. A. O.

The Protection of Zinc by Phosphate and Chromate Processes. Hugo
Krause (lllust. Zeit. Blechindustrie, 1936, 65, (35), 1037-1038).—An account is
given of the “ Granodizing ” process as applied to zinc and its alloys, plain or
cadmium-plated, and of a dichromate immersion process for the treatment of
zinc, cadmium, and the zinc-cadmium alloys. References to the relevant
patents are given.—P. M. C. R.

*0n the Chemical Polarization of the Hydrogen Electrode by Oxygen and the
Problem of Electrolytic Corrosion Protection. Arthur F. Lorch (Electrochem.
Soc. Preprint, 1936, Oct., 173-178).—The chemical polarization ofthe hydrogen
electrode by oxygen was investigated and found to bear a simple relation to its
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electrical polarization. The current equivalent of a given concentration of
oxygen remains constant over a wide range of potentials except that at suffi-
ciently positive potentials oxygen ceases to react at the cathode. From the
results obtained it is possible to explain the failure of electrolytic corrosion
protection in some cases.—S. G.

The Adhesion of Rubber to Metals. V. Evstratov and N. Trankovskava
(J. Rubber Ind. (V.8.S.R.), 1936, 578-582).—[In Russian.) A description,
with 50 references.—S. G.

The Corrosion Problem. Paints and Anti-Corrosive Coatings. Georges
Gemn (Indust. chimique, 1935, 22, 802-806; 1936, 23, 10-15, 322-325
402-405; G. Abs., 1936, 30, 6217).—A general discussion of various types
ot metallic coatings, aluminium paints, and anti-rust coatings resistant to
high temperatures.—S. G.

VI—ELECTRODEPOSITION

(Continued from pp. 404-407.)

Cadmium-Plating in Precision Industry. A. M. Sokov (Tochnaja Industria
(Pmzisions Ind.) 1936, (8-9), 19-20).—[In Russian.] The Westbrook bath is
recommended and a description of the process given. -N. A.

*The Theory of Electrolytic Chromium Plating.—Il. *Robert Weiner
(Z. Elektrochem., 1936, 48, (8), 585-598).—See Met. Abs., this vol., p. 366.
Further theoretical explanations on the process of electrolytic chromium
plating are given. The difference in behaviour of gold, platinum, and carbon
irom that of base metals was thoroughly, if not exhaustively, investigated, and
the important metals in chromium plating practice, namely iron, nickel," and
copper, were examined. Owing to the extraordinarily varying, and at first
completely contradictory, results, a rigorous explanation was put forward
bnngmg other base metals into consideration; although this led to further
complications, a satisfactory theory to account for the many and varied
phenomena was evolved.—J. H. W.

The Nickel and Chromium Plating of Aluminium and Aluminium Alloys
E. Raub (Mitt. Forschungsinst. Edelmetalle, 1936, 9, (11/12), 111-121- and
Metallwaren-Ind, u. Galvanotech., 1936, 34, (8), 150-154).—When aluminium
sheet is nickel- or chromium-plated by any of the standard methods the first
step m which mvolves an etching operation to remove the surface oxide film,
the resulting plated metal does not withstand corrosive conditions well since
the plate is invariably porous due to the roughness of the surface of the alu-
minium. Examples of this are shown after exposure to salt-spray (which
produces intense pitting) and steam (which causes the plate to flake off)
It is stated that there is now available a method of treating the aluminium
surface, which removes the oxide film without spoiling the polish of the metal
and provides a smooth surface on to which first nickel and then chromium can
be plated in such a way that the coatings do not flake even when the plated
sheet is bent; such coatings are clalmed to be absolutely non-porous, but no
details are given of the method.—A. R.

Special Appliances forChromlum Platmg of Round Calibration Instruments
P. E. Fomm (Tochnaja Industria (Pmzisions Ind.), 1936, (6), 11-13) —[In
Russian.] The workshop plant and the process of chromium-plating adopted
at the works are described.—-N. A.

Electrolytic Lead Coating (from Fluosilicate Solutions). P. P. Beliaev and
J. B. Gurevich [Zhurnal KhimichesJcoy Promishlenosti (J. Chem. Ind.), 1936,

i1p)- 602-605). [In Russian.] The method and apparatus used at the

Dorkhim works are described.—N. A.

J iak@l,m standards DIN 1702. ------ Z. Metallkunde,
28, (b) 182)—Ibe toilowmg specification is suggested: composition__
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nickel not less than 99, copper not more than 0-25, iron less than 0-05, man-
ganese less than 0-01, zinc less than 0-01, and magnesium less than 0-05%;
the anodes must be tough and free from brittleness, have a homogeneous
structure free from segregations along the grain boundaries, and be free from a
casting or rolling skin.—A. R. P.

Nickel Anodes. E. Rauh (Mitt. Forschungsinst. Edelmetalle, 1936, 10, (4),
37-43).—Various types of nickel anodes are described and their relative merits
discussed. The effect of small amounts of impurities in the anode on its rate
of corrosion in the bath and on the plating process is briefly described.

—A.R.P.

*Electroplating of Aluminium and Its Alloys with Zinc, Cadmium, Copper,
Nickel, and Chromium. V. I. Lainer and S. I. Orlov (Legkie Metalli (Light
Metals), 1936, (2), 22-33).—[In Russian.] A common method of preparing
an aluminium surface for electroplating is to immerse it for 1-3 minutes in
sodium zincate solution d 1-25-1-4, then to degrease in an alkaline cyanide
hath. Plating with zinc is best carried out at 1-1-5 amp./dm.2 in a bath
containing zinc oxide 45 and sodium cyanide 100 grm./litre without addition of
colloids, hut for cadmium plating an acid bath containing cadmium sulphate
crystals 100, ammonium sulphate 65, and peptone 1-5-2 grm./litre at pH 3-A
with 0-7 amp./dm.2is the most satisfactory. A copper undercoat should he
used only when the article isto be subsequently plated with nickel or cadmium;
this is preferably obtained by flashing in a cyanide bath, then building up the
deposit in the ordinary acid sulphate bath. Nickel or chromium plating over
the copper layer is sufficiently good in ordinary baths.—D. N. S.

*The Electrolysis of Aqueous Solutions of Sodium and Zirconyl Sulphates.
I.—A Preliminary Report. W. E. Bradt and Henry B. Linford (Electrochem.
Soc. Preprint, 1936, Oct., 363-371).—Aqueous solutions of sodium and zirconyl
sulphates were electrolyzed under controlled conditions. Difficulties due to
the hydrolysis of zirconyl sulphate were partially avoided by the addition of
sodium sulphate. Factors investigated were: concentration of zirconyl
sulphate, concentration of sodium sulphate, hydrogen ion concentration,
current density and temperature of electrolyte. Electrodeposited metallic
zirconium was obtained in 2 forms. One is a silver-white, compact, adherent
metal similar to nickel electroplate in appearance. This slowly changes to the
other modification which appears to he a non-adherent aggregation composed
of a black powder which may be zirconium or some oxidation product of
zirconium. Conditions are described for obtaining thin deposits of compact,
bright metal.—S. G.

*The Formation and Growth of Pits in Electrodeposited Metals. Michel
Cymboliste (Electrochem. Soc. Preprint, 1936, Oct., 347—362).—Pits in electro-
plating, notably nickel deposition, are attributed to bubbles, either of hydrogen
or other gases. The origin of these gas bubbles is discussed at length, and
different types of pits are illustrated with the aid of numerous photomicro-
graphs. Furthermore, it isemphasized that most bubbles are non-adherent.
The adherence of bubbles to the basis metal, or to the surface of the electro-
deposited metal, is attributed to a wide variety of possible irregularities in
this surface, such as scratches, nodules, foreign particles which have anchored
themselves to the surface, &c. Gas bubbles may continue to adhere without
increasing in volume, or they may grow- in size and either remain at the surface
or detach themselves and escape from the solution. The interposition of a
thin coat of copper between 2 coats of nickel is suggested as a practical means
for the elimination ofpits.—S. G.

*The Co-deposition of Metals of the Same Valence in Acid Solutions. W.
George Parks and |. Milton LeBaron (Electrochem. Soc. Preprint, 1936, Oct.,
235-239).—The co-deposition of 2 metals of the same valence was investigated.
The following systems were included: zinc-cadmium, copper-cadmium,
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nickel-copper, zinc-copper, and silver-thallium. The cathode potential
method previously described {Met. Abs., this vol., pp. 163, 406) was employed
at different current densities, at room temperature, in solutions of pH5. The
variation of co-deposition with difference in electrode potential has been
determined, and the equation derived for co-deposition of monovalent and
bivalent metals of the same valence.—S. G.

Overpotentials in the Electrodeposition oi Metals on Indifferent Cathodes.
A. G. Samartzev and K. S. Eustropiev (lzvestia Akademii Naulc S.S.S.R.
{Bull. Acad. Sci. U.R.8.S.), 1934, [vii], 603-613 ; Brit. Chem. Abs., 1934, [A],
1178).—[In Russian.] The deposition of metals (cadmium, silver) begins at a
higher potential than that attained after a few minutes; this phenomenon is
not due to growth of the crystals but to the passage of the metal through a
state intermediate between the ionic and the metallic.—S. G.

*Some Peculiarities of Electrodeposited Metals. Ladislav Jenicek (Rev.
Met., 1936, 33, (6), 371-378).—Electrodeposited chromium and iron contract
on heating, much more than nickel, and the softening that occurs follows a
curve of the same form as that for contraction. No contraction was observed
with copper, and there was very little reduction in hardness on heating.
Change of structure also results from heating, and recrystallization occurs on
heating to temperatures higher than those required to reduce the hardness.

—H. S.
The Development of Electroplating. D.J. Macnaughtan (Met. Ind. (Bond.),
1936, 49, (13), 323-324).—A paper forming the introduction to a discussion on
electroplating at the 1936 meeting of the British Association.—J. E. N.
The Future of Electrodeposition. H. J. T. Effingham (Met. Ind. (Land.),
1936, 49, (13), 324—325).—The concluding contribution to the discussion on
electroplating at the 1936 meeting of the British Association.—J. E. N.

VII.—ELECTROMETALLURGY AND ELECTROCHEMISTRY
(Other than Electrodeposition.)

(Continued from pp. 407-408.)

*The Mechanism of Electrolytic Separation of Hydrogen by Palladium and
Platinum. L. Handler and C. A. Knorr (Z. Elelctrochem., 1936, 42, (9), 669).—
Experiments on the cathodic polarization of pure palladium and platinum
electrodes in 2fV-sulphuric acid solution showed that quite different current-
e.m.f. curves are obtained according as to whether: (1) no gas, (2) hydrogen,
or (3) nitrogen is introduced into the cathode vessel during the measurement.
The curves of the e.m.f. against the logarithm ofthe current density in (1) and
(3) are straightlines; thatin (2) isa curve lying between (1) and (3). Accord-
ing to Tafel, in case (2) with the highly active palladium and platinum elec-
trodes, the reaction 2H —-> H 2 occurs, together with the determining back-
reaction, H2 >2H. In case (1), in the absence of the gas phase, the migra-
tion of the molecular hydrogen from the electrode to the solution is, according
to Nemst, a slow process, and the hydrogen concentration on the electrode,
and hence the velocity of the back reaction H2  >2H, increases linearly
with the current density. Thus it appears possible that with pure palladium
and platinum electrodes and under suitable conditions, the mechanism of the
electrolytic separation of hydrogen according to both Nemst and Tafel can be
realized.—J. H. W.

*The Potential Differences at Metal-Vapour, Vapour-Liquid, and Liquid-Metal
Interfaces of Partially Immersed Electrodes. Colin G. Fink and Richard C.
Dehmel (Electrochem. Soc. Preprint, 1936, Oct., 245-284).—A method was
devised and special apparatus has been designed and constructed for verifying
the existence and measuring the magnitude ofthe potential difference existing
across the vapour between the exposed portion ofa partially immersed electrode
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and the surface of the solution into which it is dipping. A shielded oscillating
electrode has been developed which makes possible the measurement of
rapidly changing contact potential differences. The oscillating electrode
system permits the use of an a.c. amplifier and an audible detector, thereby
providing high sensitivity with excellent electrical stability. Quantitative
determinations of the potential across the vapour were made with copper,
gold, and platinum, each dipping into aqueous molar solutions of their salts.
The change resulting from oxygen admission which occurred in the potential
drop across the vapour was studied quantitatively. The effects of dissolved
oxygen on the solution potentials were also determined. The effect of the
potential difference existing across the vapour at a partially immersed electrode
on its corrosion is discussed.—S. G.

Electrolytic Separation of Light Metals from Non-Aqueous Solutions. |.—
Preliminary Experiments of Electrolysis of Alkali Metal Salt Solutions. M. A.
Klochko (Zhurnal Prikladnoi Khimii (/. Applied Chem.), 1936, 9, (3), 420-
433)_ [jn Russian.] Electrolysis of solutions of double alkali-aluminium
halides (formed by fusing the two salts together) in nitrobenzene affords
cathodic deposits of the alkali metal in currentyields of 35-70%. Li,Na, K,
and Rb have been obtained from the double bromides and Liand Na from the
double chlorides.—N. A.

1Studies of Overvoltage : The Effect of Fusion of the Cathode and the Effect
of Temperature on Gas Polarization. Allison Butts and W. A. Johnson
(Electrochem. Soc. Preprint, 1936, Oct., 205-220)-T -Cell voltages were measured
and gas polarization voltages determined in cellswith Wood’s alloy cathode and
with a gallium cathode, while the temperature of the cell varied so as to cause
the cathode to melt and to freeze. Voltage-temperature curves and voltage-
time curves were obtained at constant current densities. No change of
polarization was found during melting or freezing except in the case of Wood’s
alloy when the alloy had not reached equilibrium. Sharp increases of voltage
were observed with the liquid gallium cathode (not during freezing), and also
sudden pronounced flattening ofthe liquid gallium. Overvoltages of hydrogen
were measured on solid and liquid Wood’s alloy and gallium. S. G.

+On the Problem of Hydrogen Overvoltage. P. P. Porfirov (Zhurnal Obstchei
Khimii (J. General Chem.), 1934, 4, 1311-1321 (in Russian); and DM uh
Akademii Nauk S.S.S.R. (Compt. rend. Acad. Sci. U.R.S.S.), 1935, [N.S], 1,
386-390 (in Russian), 390-392 (in English)).—Experiments are described
which were carried out in an attempt to settle the controversy regarding the
existence ofthe so-called contact (or transfer) resistance on the cathode during
the evolution of hydrogen.—S. G. a T

tElectrolysis of Alumina with Incombustible (Metal) Electrodes. A. 1.
Beliaev and J. E. Studentsov (Legkie Metalli (Light Metals), 1936, (3), 15-24).
—rin Russian.] The possibilities of alumina electrolysis with copper, nickel,
chromium, and silver anodes were investigated. The use of an equimolecular
mixture of potassium and sodium cryolites as electrolyte allows of a minimum
working temperature of 936° C. The solubility of aluminium oxide in this
bath is513% at 830° C. In all cases rapid destruction of the anodes by
oxidation occurred.—D. N. S.

IX.—ANALYSIS

(Continued from pp. 408-409.)

Researches on Spectrographic Analysis. W. Gerlach and W. Rollwagen
(Metallwirtschaft, 1936, 15, (36), 837-840).—In most cases it is much easier to
detect impurities with the flaming arc than with the spark method of exciting
the spectrum. The sensitivity isimproved ifthe arc iselectrically interrupted.
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Fractional Reaction for Antimony. N. A. Tananaev and L. M. Rabinovich
Zhurnal Prikladnoi Khimii (. Applied Chem.), 1936, 9, (2), 369-371).—[In
Russian.] As little as 0-1 mg. of Sb per c.c. may be detected as HSb03or by
reaction of HgCl2with tervalent Sb.—N. A.

*Quantitative Separation and Determination of Aluminium and Zinc. F. H.
Fish and J. M. Smith, Jr. (Indust, and Eng. Chem. (Analyt. Edn.), 1936, 8,
(5), 349-350).—The neutral solution of the two metals is treated with LiCl,
5grm. of CH3-CO2NH4, and NH40H until the liquid is faint pink with phenol-
phthalein. The precipitate is washed with a 2% solution of CH3-CO2N H 4,
dissolved in dilute HN 03, and reprecipitated as before ; the second precipitate
is ignited and weighed as 2Li20,5A120 3 (47-40% Al). Zn in the filtrate is
precipitated as ZnNH4P 04, which is ignited to Zn2P 20 7for weighing.—A. R. P.

Volumetric Determination of Arsenic in the Presence of Iron Salts. Wilhelm
Daubner (Angew. Chem., 1936, 49, (7), 137-138).—The solution is neutralized
with X 1140H, made feebly acid with CH3-CO2H, and treated hot with
(NH4)3As04 to precipitate a mixture of AlIAs0O4and FeHAs04. The washed
precipitate is dissolved in acid and the As determined volumetrically. Fe is
determined in the usual way in another portion of the solution and the Al
calculated by difference.—A. R. P.

*Determination of Bismuth as Phosphate. W. C. Blasdale and W. C. Parle
(Indust, and Eng. Chem. (Analyt. Edn.), 1936, 8, (5), 352-353).—A critical
study of the conditions under which Bi can he precipitated quantitatively as
phosphate showed that in the absence of CF and S04/; complete precipitation
is obtained from solutions 0-2M with respect to HN'O, if the excess of
(NH4)2H P04 added is sufficient to give a 0-005M solution. K, Mg, Zn, Cu,
and Cadonotinterfere, Cd causes the results to be slightly high, and Pb renders
the method inaccurate. The chief source of error is the co-precipitation of
basic salts ; this difficulty is overcome by precipitating from a hot solution with
a hot dilute phosphate solution and digesting for 1 hr. at 80° C. Too great an
excess of precipitant should be avoided to prevent contamination of the
precipitate with excess of P04"'. The precipitate is finally ignited at 800° C.
and weighed as BiP0O4—A. R. P.

Microchemical Determination of Bismuth by Quinoline-Thiocyanate.
M. V. Gapchenko and O. G. Sheintsis (Zhurnal Prikladnoi Khimii (J. Applied
Chem.), 1936, 9, (3), 544-566).—[In Russian.] A saturated aqueous solution
of quinoline containing NH4CNS gives with acid Bi solutions a characteristic
golden-yellow crystalline precipitate; Zn”, Sn", Sb"', Hg*, and Ag’ interfere,
but Cu is without effect if the solution contains 10% of citric acid.—N. A.

*Separation and Determination of Bismuth with Gallic Acid. L. Kieff and
G. C. Chandlee (Indust, and Eng. Chem. (Analyt. Edn.), 1936, 8, (5), 392).—
Bi is quantitatively precipitated by addition of gallic acid to the hot (70° C.)
nitrate solution containing 3% of HNO03. The precipitate is washed with 2%
gallic acid containing 3% of NH4N 03, dissolved in 20 c.c. of HNO3 and
precipitated as basic carbonate by addition of CH3-CONH4. Pb, Cd, Cu, Zn,
Al, Cr, Fe, Ni, Ba, Ca, K, and Na do not interfere although reprecipitation of
the gallate is advisable if much of these metals is present. Sb, Hg, Sn, and
Ag interfere.—A. R. P.

*Quantitative Determination of Cadmium and Lead in Zinc Using a Grating
Spectrograph with a Sector Disc. Harris M. Sullivan (Indust, and Eng. Chem.
(Analyt. Edn.), 1936, 8, (5), 382—383).—The sample is placed in the lower
(positive) graphite electrode and an arc of 5 amp. at 220 v. passed between the
electrodes (1 cm. gap). The arc is placed at the focal centre of a convex lens
so that a parallel beam of light is thrown on the slit of the spectrograph. The
logarithmic sector disc rotates at 300 r.p.m. and is adjusted, as close to the
slitas possible, so that about 3 mm. length of the 16 mm. slitis left open at all
times, the remainder of the slit opening varying during the time of exposure
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as the sector disc rotates in front of it to cause the lengths of the lines on the
film to vary according to their intensity. The lengths of the lines Cd 3-61 an
Pb 2833 and 2663 A. are a measure of the proportion of these elements present
although the relation is not exactly linear. The method givesi resulteaccurate
to 10-15% for quantities of Pb or Cd in Zn ofthe order of 10 P-P-I"l- A- ¢

+Determination of Gold in Dental Alloys. J. Lewis Maynard (Indust and
Eng Ghem. (Analyt. Edn.), 1936, 8, (5), 368-369).-The chief constituents of
dental alloys are Au, Ag, Pt, Pd, and Cu with sometimes minor — ts of
Tr Ni Zn Sn and In. The alloy is dissolved m aqua regia and the Ag, Ir,
and Sn removed” Swanger’s method (J. Inst. Metals 1926, 36 519) The
An is then precipitated with S02 washed with hot 1% HC1 and redissolved in
aqua regia, Afterremoval ofthe HNO, by boding with HC1~ evaporating
to 3 cc e+ 20 c.c. of H,0 are added followed by 4 c.c. of 15/0 N(C2H54
for every 0-1 grm. of Au present. After 15 minutes the precipitate of
N(C2H 4)AuCl4is collected, washed 4 times with 5 c.c. of the Palpitant, and
boded with 35 c.c. of 20% glucose solution®containing 2 grm. of NaOH. Th
nrecipitated Au is collected, washed with water, then with hot HC1, and
finally with hot water, dried, ignited, and weighed. The filtrate from the
second Au precipitation is treated with H2S to recover any Pt or Pd
precipitated in the SO2process. A.R. 1«

1jiDetermination of the Fineness of Gold Aloys |
BihImaier {Mitt. Forschungsmst. Edelmetalle, 1936, 10, (2/3), 27 )
details are given of standard tests for ascertaining the carat of gold alloys
including white golds, by the streak test. A. R.P.

tInvestigation of the Microreaetions of Lead I. ° ret 6anA “h Inn
Mesongenik (zavoaskaia Laboratona (Works Lab.), 1936 5, (2) 168 169). U
Russian.] The best conditions were investigated for the microdetermmation
ot Pb as PbCIl, PbL, PbS04, and K2CuPb(N026. Precipitation of PbCI2is
best effected in 0-1A-HC1, precipitalion of Pbl2 in 0-3A-KI solution, and
precipitation of PbS04 in 1A-H2S04. Sn interferes in the PbCI2 and

tt

K&The Qualitativfan®Quantita
Casium by the Spectrum Method.
S . A& . (Bull. Acad,. Sci.

Determination of Lithium, Rubidium, and
U.M. Tolmachev (lwestia Akademn Nauk
U.B.8.8.), 1934, [vii], 904-920).-[In Russian.]

SI' MicrocheniiL?' Determination of Magnesium with 8-Hydroxyauinoline.
M V. Gapchenko and 0. G. Sheintsis (Zhurnal Prikladnoi Khimn (J. Applied
nhem \ 1936 9 (31 541-543).—fin Russian.] Mg can be determined by
Hahn’s method (Z. anorg. Ghem., 1926,139, 1198) in the presence of NH4’,Na

KiDetermination of Manganese in Tungsten and Ferrotungsten.
Smith, J. A. McHard, and K. L. Olson (Indust,
Frhi/\l 1936 8 (5) 350-351).—The finely¥

cx. &1 1:2m iJre of 72% IIC

G. Frederick
and Eng. Ghem. €Analyt

owdered material (1 grm.) is heated
04and 85% HPO at« O y g tt

until solution is complete. The cold solution is boded with 20 c.c. of HN 03
until CI and HC1 are expelled, cooled, treated with a few drops of Fel30 4
solution then with 15 c.c. of H2S04, and boiled with 1 grm. of Na bismuthate

The bismuthate is removed by filtration through a Gootdi cracib e an exce” of
standard FeSO04solution is added, and the excess titrated with Ce(S042us g
diphenylaminesulphonic acid as indicator The Mn may also be oxidized to

HMnOdby boiling the solution of the metal obtained as above with 200

water and 0-3 grm. of K104; the excess of oxidizer is removed by addition of

4-5 grm. of Hg(N 03)2, and the filtered solution treated with an excess of 1eSG4
and titrated with KMn04. A.R.P. . , vV m,n,,
Fractional Reaction for Zirconium N A. Tanim~v and A. V. Hmana

(Zhurnal Prikladnoi Khimn (J. Applied Ghem.), 1936, 9, (3), 526 531). Un
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Russian.] Zr can be detected and determined approximately, in the presence
of all elements except Si, by precipitation as phosphate from a 25-30%
H2S040r 20% HC1 solution.—N. A.

Electrometric Titration Processes : Potentiometric Analysis. Fritz Liene-
weg (Arch. tech. Messen, 1935, 5, (54), t163—+164).—The method described
depends on the accurate comparison of the potential of a given system with
that of a standard. The conditions of comparison are discussed, and an
illustrated description is given of an automatically recording titration appar-
atus. The method is applicable to a wide variety of mineralogical and
metallurgical analyses, and permits the estimation of several metallic ions in
presence of each other (e.g. of Ag, Cu, Cd, and Zn in certain solders). A list of
applications and a bibliography are appended.—P. M. C. R.

X.—LABORATORY APPARATUS, INSTRUMENTS, &c.
(See also “ Testing ” and “ Temperature Measurement and Control.”)

(Continued from pp. 409-410.)

On the History of the Metallurgical Microscope. H. Freund (Giesserei,
1936, 23, (19), 491-502).—An account is given of the developments in the
metallurgical microscope between 1891 and 1934.—A. R. P.

Some Improvements in the Field of Material Testing Methods and Their
Importance in Foundry Practice. A. Karsten (Giesserei, 1936, 23, (11), 265-
268). The Busch “ Metaphot ” is described and its use in the examination of
the macro- and microstructure of castings is discussed.—A. R. P.

Advances in the Investigation of Microstructure, and Their Value in Testing
Materials in the Motor Industry. A. Karsten (Automobiltech. Z., 1936, 39, (15),
393-394).—The characteristics and applications of a small portable apparatus
for the X-ray examination of microstructures are considered, and such an
apparatus, intended primarily for use on light alloy parts, is described and
illustrated.—P. M. C. R.

Spectrograph for Rapid Industrial Application. M. F. Hasler and R. W.
Lindhurst (Metal Progress, 1936, 30, (3), 59-63, 90).—The exceptional resolving
power of the equipment described is due to the substitution of a diffraction
grating for the usual prism. The construction and mounting of the arc-
chamber facilitates rapid work, whilst rapid comparison with a reference
spectrograph is permitted by a special projector. The use of the apparatus in
typical works” analyses is described.—P. M. 0. R.

Thermostat of the Ural Physico-Technical Institute. P. G. Strolkov
(Zhurnal Tehnicheslcoy Fizilci (J. Tech. Physics), 1935, 5, (8), 1502-1510).—
[In Russian.] The thermostat, which will maintain a temperature of 600° C.
within 4- 0'1° C. for at least 40 hrs. is described in detail.—N. A.

The Rotap Testing-Sieve Shaker. (Engineering, 1936, 142, (3685),
237).—The determination of the percentages of different-sized particles by
passing the material through a series of sieves, which are shaken by hand,
results in appreciably different values being obtained. A machine is described
and illustrated which performs the operation mechanically—the sample being
passed successively through the series of different openings at one operation.

—R. Gr.

A Sachs Camera. A. P. Kamar and V. S. Averkiev (Zhurnal Tehnicheslcoy
Fizilci (J. Tech. Physics), 1935, 5, (9), 1653-1655).—[In Russian.] A new type
of Sachs camera for X-ray examinations at high temperature and in vacuo is
described.—N. A.
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X1 PHYSICAL AND MECHANICAL TESTING, INSPECTION,
AND RADIOLOGY

(Continued from pp. 411-412.)

+The Significance of the Numerical Values of mechanical Tests of Metals.
L. Delville (Métaux, 1936,11, (131), 140-147).—The nature ofthe physical and
mechanical properties of metals is considered, and their definitions arid
dimensions are tabulated. From these considerations the relation ot the
various properties one to another are discussed. All testing comprises
measurement, interpretation, and comparison. Measurement depends on the
magnitude of the properties and the accuracy required, and on the cost,
interpretation must take into account all the fundamental variables concerned ,
comparison can only properly be made between properties of the same dimen-
sions, unless not purely numerical parameters are mtroduced to make up lor
the missing dimensions.—J. H. W.

New Application of a Three-Point Amplifier for Rf°rdmg Results of
Mechanical Tests. Pierre Chevenard (Rev. Met., 1936, 33, (4), 280 287). A
new machine constructed by the Imphy Iaboratories employs very small test-
pieces for tensile, bend, and shear tests. Stress-strain diagrams are recorded
autographically by a pen attached to a three-point amplifier, stress bein,,
measured by deflection of a spring.—H. S. ewe,.,;.,

Microchemical Analysis of Welds. Pierre Chevenard and Albert Portevin
(15me. Congrés chim. indust. (Bruxelles 1935), 1936, 223-241 ; C. Abs., 1936,
30, 5925).—After reviewing the causes of mechanical heterogeneity oi welds
resulting from chemical and physico-chemical reactions, from fusion eftects,
from hardening and from tempering, C. and P. discuss their consequences as
regards : (1) mechanical tests of welds, the interpretation and analysis of which
imply the use of micro test-pieces ; (2)the definition of weldability, the char-
acterization of which necessitates a complete and accurate exploration ot the
weld  The problem has been solved by the use ofthe micro-machme based on
the principle of the optical lever with photographic record, after large ampli-
fication, of the deformations of the tensile, shearing and bending micro test-
pieces, as a function of the loads measured by the elastic deformation of the
frame of the machine. A series of examples of selected welds is presented m
the form of micro tensile and micro shearing diagrams, which give the varia-
tions of strength, elastic limit and elongation determined at a number ol
closely situated points. The examples comprise both gas and electric welds
of ferrous materials ; they reveal clearly the complex influence on the mecham-
cal properties of fusion in the welded zone, and the hardening and tempering
effects on the heated zone as a whole. Unlike tests carried out on large test-
pieces, micro-mechanical testing makes it possible to ascertain both the position
and the value ofthe maxima and minima of the various mechanical properties,
and this in turn makes it possible to find their causes and to reduce them as
much as possible so as to improve the homogeneity.—S. G. »

On Anti-Friction Properties of a Material. N. N. Serafimovich (Metallurg
(Metallurgist), 1936, (6), 102-108).—[In Russian.] Deals with the method ot
determining anti-friction properties on a Mohr-Federhof machine, and gives
examples of the determination of friction moments of bronzes.—A..A.

On the Question of the Upper and Lower Yield-Pointy and the Breaking
Load. G. Welter (Metallwirtschaft, 1936, 15, (38), 885 889 ; (40), 936
93g), W. repeats and amplifies the false conclusions reached (see JMei. Abs.,
this vol., p. 50) on the influence of the construction of the tensile machme on
the contour of the load-elongation curves.—v. G.

Contribution to the Question of the Tensile Test with Simple Gravity Loading.
E. O.Bernhardt (Metallwirtschaft, 1936,15, (38), 889-892).—Polemical against
Welter (preceding abstract).—v. G.
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Contribution to the Question oi the Tensile Test with Simple Gravity Loading.

G. Welter (Metallwirtschaft, 1936,15, (41), 960-964).—See preceding abstracts.
—v. G.

Vibration Tests (Simultaneous Series) of Flat Metal Specimens for Fatigue.
I. 1. Mihailovskiy (Vestnick Ingenerov i Tehnikov (Messenger Engineers and
Technologists), 1936, (5), 309-311).—[In Russian.] A review.—-N. A.

Criticism of the Short Time Methods of Determining the Alternate Bending
Endurance Limit. W. Spath (Metallwirtschaft, 1936, 15, (31), 726-729 ; (32),
750-752).—The various accelerated methods of determining the endurance
limit of metals are described. S. considers that the test-piece should be
subjected to a preliminary 105alternations at not too high frequency prior to
making the test proper.—v. G.

A Bend Test for Tinplate. C. C. Willis (Metal Progress, 1936, 30, (3), 50-
55).—An illustrated description is given of a recording apparatus the purpose
of which is to expose the sheet to stresses similar to those encountered during
manufacture (i.e. of the bending-tensile type). Records of alternate bending
and unbending tests on common varieties of tinplate are reproduced and
correlated with the results of Olsen cup tests and with the respective micro-
structures, and the interpretation of the curves is discussed.—P. M. C. R.

German Machines and Apparatus for Determining Hardness. G. Richter
(Oermanskaja Tehnika (Z. dent. Technik), 1936, 15, (4), 68-74).— [In Russian.]
Description of Brinell, Rockwell, Shore, and other special apparatus for
determining hardness, manufactured by German firms.—N. A.

Manufacture of Experimental Apparatus and Machinery at the “ Rukhi-
movitch ” Works. A.J. Rostovih (Tochnaja Industria (Prazisions Ind.), 1936,
(5), 1-4).—[In Russian.] Description of apparatus for mechanical tests on
metals (hardness, resistance to impact, extension, &c.).—N. A.

RADIOLOGY.

The Application of X-Rays to Metallurgy.—IIl. C. Hubert Plant
(Metallurgia, 1936, 14, (83), 121-122).—See also Met. Abs., this vol., pp. 373,
412. In this, the final article, on the application of X-rays to metallurgy, the
practical side of the subject is dealt with. Particular attention is given to the
X-ray apparatus so far as the type of tube, transformer, general arrangement,
radiation dangers, and manipulation are concerned. The results obtained
from X-ray photographs in analyzing and identifying metals and alloys by
means of spectrographs are considered, and reference is made to photographs
of the Laue type and the information obtained from them regarding the
structure of materials. A briefaccount is also given ofthe application of the
X-rays to the examination of metals for defects.—J. W. D.

The Influence of Stresses Normal to the Surface on the Deformation as
Measured by X-Rays. G. Kurdjumow and M. Scheldak (Metallwirtschaft, 1936,
15, (39), 907-908).—In measuring stresses by the X-ray method it must be
remembered that the thickness of the surface film is not negligible and that,
therefore, the magnitude of the stresses perpendicular to this must also be
taken into account in the calculations.—v. G.

On the Relation Between the X-Ray Photograph and the Strength of Cast
and Extruded Piston Alloys. E. Schiedt (Metallwirtschaft, 1936, 15, (37), 857-
862).—A series of X-ray photographs of pistons is shown which indicate that
itis not possible to draw conclusions about the mechanical properties directly
from such photographs.—v. G.

Radiographic Use of Radium. V. E. Pullin (J. Roy. Soc. Arts, 1934, 82,
307-322; discussion, 323-326; Sci. Abs., 1934, [B], 37,133).—After referring
in general terms to the production and important properties of y-rays, their
use is described in detecting flaws in materials, and the advantages of y-rays
over X-rays in certain circumstances are pointed out. Examples are given of
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the practical application of the y-ray method, together with reproductions of
radiographs. The process ofestimating the position and size of flaws is referred
to.—S. G.

XII.—TEMPERATURE MEASUREMENT AND CONTROL

(Continued from p. 413.)

Electric Recorder and Controller. ----—--- (@ . Sci. Instruments, 1936, 13,
(9), 306-307).—A note describing the “ Multelec ” recorder. The instrument
works on the potentiometer principle, and automatically standardizes its own
circuit voltage every 54 minutes. It is stated that in. deflection of the
galvanometer needle is shown on the chart, and that any change in conditions
is recorded within 2 seconds of its occurrence. A wide range of industrial uses
is claimed.—W. H.-R.

Methods for Measuring and Regulating Temperature, and Apparatus Used.
R. Boye (Germanskaja Tehnilca (Z. dent. Technik), 1936, (6-7), 101-106).—
[In Russian.] A review.—N. A.

Recent Revisions of High Temperatures. H. T. Wensel (J. Amer. Ceram.
Soc., 1936, 19, (3), 81-86).—W. points out that to convert temperature values
recorded in the literature to the present International Temperature Scale, a
correction must be applied which is calculated from the constants that define
the particular scale in which recorded values are expressed. Applying the
same corrections to all previous scales leads, in many cases, to values which
depart from the present scale more than the values actually recorded. Ex-
amples are given showing the correct method of converting temperature values
based on Wien’s Law to the International Scale.—S. G.

XIII.—FOUNDRY PRACTICE AND APPLIANCES

(Continued from pp. 413-415.)

Correction of Porosity in Non-Ferrous Casting by Impregnation with Bakelite
Varnish. Z. 1. Shnaiderman (Liteinoe Delo (Foundry Practice), 1936, (4),
25-26).—[In Russian.] A description of the thermal treatment of Bakelite
varnish, and the process of impregnation of bronze and aluminium sections.

—N. A.

On Light Metal Ingot Castings. H. Rohrig (Z. Metallkunde, 1936, 28, (2),
43—45; and (abridged) Light Metals Research, 1936, 4, (22), 386-387).—
Practical hints are given on the correct methods of casting aluminium and its
alloys to prevent segregation and undue piping, and the causes of faulty
castings are discussed.—A. R. P.

Casting a Trough 5300 mm. Long of Aluminium Alloy. K. P. Lebedev
(Liteinoe Delo (Foundry Practice), 1936, (4), 26-27).—[In Russian.] A
description of the method of moulding.—N. A.

Causes of Rejects in Aluminium Castings and Methods for Their Elimination.
A. M. Brezgunov (Aviopromishlenost (Air Industry), 1936, (3), 17-25; (4),
27-31).—[In Russian.] Deals with the classification and nomenclature of
rejects in the casting of aluminium alloys.—-N. A.

Casting of a Bronze Manipulator Subjected to a Hydraulic Test of 30 Atmo-
spheres. Z. S. Lavut (Liteinoe Delo (Foundry Practice), 1936, (5), .36-37).—
[In Russian.] A technical description of the casting process.—N. A.

The Bronze Casting Technique of Our German Ancestors. Erich Becker
(Giesserei-Praxis, 1936, 57, (37/38), 409-413 ; (39/40), 440742).—Read at the
International Foundry Congress at Dusseldorf. Discusses the composition,
shape, and probable method of casting of old bronzes in Germany.—J. H. W.

KK
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Magnesium Alloys in Aero Engine Construction. A. S. Lugaskov (Avio-
promishlenost (Air Industry), 1936, (4), 31-40).—[In Russian.] A review,
describing the composition ofthe alloys, their preparation, moulds, testing, and
the treatment of castings and rectification of their defects.—-N. A.

Measures Against Rejects and Improvement of the Quality of Magnesium
Alloy Castings. A. S. Lugaskov (Aviopromishlenost (Air Industry), 1936,
(5) 27-35).—[In Russian.] A review.—-N. A.

*On the Deoxidation of Technical Silver Alloys. E. Raub, H. Klaiber, and
H. Roters (Metallwirtschafl, 1936, 15, (33), 765-770; (34), 785-788).—The
efficiency of numerous deoxidizers for the silver alloy with 16-5% copper has
been examined ; only phosphorus and lithium were found satisfactory in all
respects. Phosphorus removes the oxygen as cuprous metaphosphate which
separates relatively slowly from the molten metal, but is harmless if not com-
pletely eliminated. Small amounts of retained lithium are also without effect
on the mechanical properties, but reduce slightly the resistance to corrosion by
acetic acid and increase considerably the resistance to corrosion by nitric acid ;
lithium does not affect sulphide tarnishing.—v. G.

Preheating Bearings for Tinning with Babbitt. John E. Hyler (Machinist
(Eur. Edn.), 1936, 79, (51), 915b).—The advantages of heating bearings before
tinning them with Babbitt are counteracted if the heating is excessive. If the
bearings are damp, they should be heated relatively hot, but allowed to cool
until comfortably warm to the hand before pouring in the Babbitt.—J. H. W.

The Problem of Porosity of Aluminium Alloys in Die-Casting. P. E.
Liamin (Liteinoe Delo (Foundry Practice), 1936, (4), 22-25).—[In Russian.]
Different types of porosity and their causes are examined.—N. A.

Changeable Cores for a Die-Casting Die. E. Stevan (Machinist (Eur. Edn.),
1936, 80, (3), 46e-4-7e).—The use of interchangeable pads in a die-casting die
for, say, a zinc-base alloy, enables drill stands for fractional, metric, and wire
gauge sizes to be made with one set oftools.—J. H. W.

Die-Casting Problems in the U.S.S.R. B. A. Jungmaister (Liteinoe Delo
(Foundry Practice), 1935, (10), 3-4).—[In Russian.] General views on the
desirability of developing this branch of casting.—-N. A.

What Points Must be Observed in the Construction of Moulding Boxes ?
Gustav Krebs (Giesserei-Praxis, 1936, 57, (35/36), 365-368).—Discusses the
wall thickness, cooling, strength, and general construction of moulding boxes,
and describes the production of large moulds for special castings.—J. H. W.

Material for the Production of Pattern Plates. Joh. Mehrtens (Giesserei-
Praxis, 1936, 57, (37/38), 418-426).—Read before the International Foundry
Congress at Dusseldorf. Describes the economics of moulding materials and
the construction of a large variety of moulds. The use of wood, cast iron,
non-ferrous metals (alloys of copper, lead, aluminium, and magnesium), and
non-metallic materials for this purpose is discussed, and alternative materials
of domestic origin for various applications are suggested.—J. H. W.

On the Use of Cements as Binders for Foundry Sands. Max Paschke, Carl
Weyman, and Eugen Schneider (Giesserei, 1936, 23, (16), 381-386).—Good
foundry sands can be made from sharp silica sand with cement as a binder ;
the permeability to gases and the refractoriness of moulds made from the
mixture are sufficiently good for most foundry purposes. Fused alumina
cement is better than Portland cement as it gives better permeability and a
higher tensile strength. The sand used should be as pure as possible as even
iron oxide reduces the refractoriness owing to the lime present in the cement.

—A. R. P.

On the Practical Applications of Moulding Sand Testing in Foundries. ------
Aulich (Giesserei, 1936, 23, (18), 431-437).—Methods and apparatus for deter-
mining the sand, clay, and moisture contents of moulding sands, the apparent
volume, the permeability and the compression, tensile, and shear strengths are
described.—A. R. P.
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Driers for Foundries. Schmidt (Giesserei, 1936, 23, (14), 341-342).—
Types of ovens for drying moulds and cores are described and illustrated.
—A.R. P.

X1V.—SECONDARY METALS : SCRAP, RESIDUES, &c.

(Continued from p. 415.)

Basic Principles of the Refining of Simple Copper Alloys while Molten in the
Foundry. Willi Claus (Metallwirtschafl, 1936, 15, (37), 862-865).—The treat-
ment of copper alloys containing, as impurities, aluminium, iron, antimony,
oxides, sulphides, or hydrogen is broadly discussed.—v. G.

On the Principles of Converting Old into New Metal. E. J. Kohlmeyer
(Metallwirtschafl, 1936, 15, (29), 677-683).—The effects of oxidizing salts and
salt fluxes on the treatment of scrap copper, aluminium, lead, zinc, and their
alloys are discussed.—v. G.

XV.—FURNACES AND FUELS

(Continued from pp. 415-416.)
Tempering Furnace with Mechanically-Controlled Convection Currents.
(Engineering, 1936, 142, (3682), 158-159).—Describes and illustrates a
gas-heated furnace. The heating chamber is situated within an insulated
combustion chamber, and the ascending products of combustion are deflected
downwards into it by means of a fan. Automatic temperature control is
employed.—R. Gr.

W hat the Electric Furnace Has Done for Civilization. P. H. Brace (Electro-
chern. Soc. Preprint, 1936, Oct., 115-122).—The early beginnings of the electric
furnace are briefly described. The effects of metallurgical electric furnace
technique on present ways of living are set forth with special reference to the
part played by the electric furnace in the production and uses of aluminium,
magnesium, beryllium, chromium, tungsten, calcium carbide, phosphoric acid,
silicon, manganese, and tantalum. Its use as a processing tool in shaping
metals and in “ copper brazing,” &c., is mentioned.—S. G.

tProgress Report on Tests of Various Electric Heating Elements for Furnace
Temperatures Between 1100° and 1500° C—I. M. G. Toole and R. E. Gould
(Electrochem. Soc. Preprint, 1936, Oct., 139-159).—The results of tests on
silicon carbide resistors for electric heating for temperatures between 1100°
and 1500° C. showed relatively high power loss, a material decrease in mechani-
cal strength of bars with use, and failure when the resistance had increased
500%. No difference in resistance increase was noted for steady load as
compared with on-and-off control. A more rapid resistance increase on
bringing up to temperature after a shutdown and also a daily increase when
operated abmaximum temperature were noted. A rapid current increase just
prior to failure was also noted. An average life of 1700 hrs. was observed.
Tests on graphite resistors showed successful operation when protected from
oxidation by propane gas, using a silicon carbide protection tube. The outside
terminal block is the weakest part of the resistor assembly. A self-control
terminal greatly improved the over-all thermal efficiency. Further tests are
described using high-frequency induction heating. The general conclusion
reached is that non-metallic heating units can be developed to operate at
comparatively small cost per unit of material to be heated.—S. G.

Small Electric Furnaces. -—-- (J. Sci. Instruments, 1936, 13, (9), 305).—
A brief note describing small resistance furnaces suitable for heating soldering
irons, tempering small tools, &c.—W. H.-R.

Electro Refractories. (Paoloni.) See p. 475.

A Graphical Method of Calculating Heat Loss Through Furnace Walls.
Clarence E. Weinland (J. Amer. Ceram. Soc., 1936, 19, (3), 74-80).—Cf. Met.
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Abs., 1935, 3, 720. The expression of thermal conductivity data in the
form of “ true ” conductivity is discussed, and a graphical method for the
solution of problems in steady state heat-flow is developed. No account is
taken of certain disturbing factors in fumace-wall calculations, such as joint
resistances and conductances, air infiltration, and lack of temperature equili-
brium. W. believes that the theory will serve as a basis for future develop-
ments along this line, and that the method of calculation described is reliable,
workable, and also results in a saving oftime.—S. G.

XVI.—REFRACTORIES AND FURNACE MATERIALS

(Continued from p. 416.)

Properties of Insulating Refractories. S. M. Phelps (Heat-Treat. and
Forging, 1936, 22, (5), 251-253).—Insulating fire-bricks are being used as
exposed linings for certain types of industrial furnaces on account of their low
heat-flow, small heat capacity, lightness in weight, and satisfactory refractori-
ness. It is pointed out that the usual methods applied to the testing of
refractories under load at high temperatures should not be used for these
materials as they depart widely from furnace conditions. It is stated that a
load test in which the bricks are heated on one face only indicates satisfactory
mechanical strength at the maximum temperature which they are intended to
stand in service and more closely simulates working conditions.—J. E. N.

tContribution to the Study of the Action of Carbon Monoxide on Refractories.
Léon Scheepers (ISme. Congrés chim. indust. (Bruxelles 1935), 1936, 1003—1011 ;
C. Abs., 1936, 30, 6151).—The dissociation of carbon monoxide produces
deterioration of refractories, particularly in the internal region of blast fur-
naces, where the average temperature is 400°-900° C. Various catalysts such
as the oxides of iron promote the action. The catalytic action of silica,
porcelain, kaolin, alundum, graphite, Fe30,j, iron silicate, bauxite, and iron
filings was studied by a method (described in detail) based on the automatic
measurement ofthe carbon dioxide formed on passing a given amount of carbon
monoxide over the catalyst in a given time, at a given temperature, in a
specially designed vertical electric furnace. Bauxite and natural magnetite
are particularly active.—S. G.

tTesting Silico-Aluminous Refractory Materials at High Temperatures.
B. Long (Céramique, 1935, 38, (571), 219-224; Ceram. Abs., 1936, 15, (6),
182).—A small thermostatically controlled electric furnace is used for measur-
ing the load-bearing properties of refractory materials at high temperatures.
It is found that the failing curve under pressure at 1500° C. : (1) gives evidence
ofthe total porosity, and (2) furnishes under the name of coefficient ofapparent
viscosity, a measure of its value in practice.—S. G.

tInfluence of the Addition of Fluxes on the Softening and Melting Points of
Silico-Aluminous Refractories. Marcel Lepingle (15me. Congrés chim. indust.
(Bruxelles 1935), 1936,300-318).—The results confirm previous work.—S. G.

Developments of Refractories Containing Magnesia. L. Litinsky (Ber. deut.
Iceram. Gee., 1935,16, (11),565-596 ; also Iron Steel Ind., 1936, 9, (12), 462-466 ;
(13),495-499 ; 1936,10, (2), 101-105; and Ceram. Abs., 1936, 15, (9), 276).—A
comprehensive review ofrecent developments in the industry and ofthe manner
in which new ideas have been put into practice. The problems encountered
and methods whereby they were overcome are discussed at length.—S. G.

tThe Use of Penetrating Radiations in the Measurement of the Porosity of
Refractory Brick. J. B. Austin (J. Amer. Ceram. Soc., 1936,19, (2), 29-36).—
A method of determining the porosity of a refractory brick by measuring the
absorption of some penetrating radiation has been tested on silica brick of
known porosity, using both X-rays and y-rays, and has been found to be
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entirely feasible. The testissimple, quickly and easily made, non-destructive,
and can be made continuous. The apparatus must be calibrated for each com-
position, but once standardized can be used for different thicknesses of the
same material. The ionization method of determining the intensity of the
beam after passing through the sample is much superior to the photographic
method.—S. G.

Refractory Products for Metal Melting Furnaces. Karl Lentzen (Giesserei-
Praxis, 1936, 57, (37/38), 404-407).—Bead before the International Foundry
Congress at Dusseldorf. The nature and use of the refractories available for
the construction of metal melting furnaces are discussed.—J. H. W.

The Destruction of Refractory Smelting Furnace Bricks by Softening and
Melting. E. T. Richards (Feuerungstechnilc, 1936, 24, (5), 73-77).—The
softening and melting of refractory materials used in smelting furnaces by
mechanical forces, gases, metallic vapours, and dust are referred to, and means
of preventing such destruction are briefly mentioned. These comprise:
(1) suitably supporting the materials, particularly the furnace arch, and
(2) protecting the materials against impurities which can lower their melting
points, by reducing their surface porosity.—J.S. G. T.

Electro Refractories. A. Paoloni (Corriere cerarn., 1935, 16, (7), 279-284;
Ceram. A6s., 1936,15, (2), 63).—The electrothermal treatment of raw materials
for the production of refractory and ultra-refractory synthetic materials
(silicon carbide products and artificial graphite) and a description of an
electric furnace devised by P. for temperatures of 1400°—800° C. are given.

XVIIL.—WORKING

(Continued from pp. 417-418.)

1Contribution to the Knowledge of Material Flow in the Rolling Process.
Hermann Unckel (Arch. Eisenhiittenwesen, 1936-1937, 10, (1), 13—18).—
An ingot of pure aluminium was drilled at regular intervals and channels cut
in the surface, all being filled with a 0-5% copper-aluminium alloy ; the com-
posite material was then rolled to various degrees of reduction, sectioned, and
etched to produce blackening of the alloy inclusions. In this way a complete
picture was obtained of the relative flow in the various parts of the ingot.
Broadening of the ingot takes place uniformly over the »'hole surface, but the
rate of flow in the core of the ingot is less than that at the upper and lower
surfaces, i.e. the normal to the rolling plane is bent against the direction of
rolling. The effect of stresses produced transversely to the direction of rolling
may be seen by making short longitudinal slits in the ingot prior to rolling;
when a lead ingot so cut is rolled both ends are splayed outwards and the slit
becomes triangular in shape showing the presence of stresses directed from the
centre outwards to the edges.—A. R. P.
Multiple-Stage Rolling Mills. Wilhelm Rohn (Z. Metalllcunde, 1936, 28,
(6), 139-142; and (abridged) Met. Ind. (Lond.), 1936, 49, (11), 259-260).—A
description of modern types of 20-high rolling mills and their performance.

On Spreading in Rolling. W. Trinks (Blast Fur. and Steel Plant, 1936, 24,
(9), 785-788).—Discusses the factors which influence the spreading of metal in
rolling and reviews the formulae suggested for its estimation. W ritten from
the ferrous point of view.—R. Gr.

tPreparation of Silver Sheet. The Tensile Properties of Sheet of Commercial
Silver Alloys in Relation to the Method of Manufacture. (Moser and Raub.)
See p. 444.

Modern Extrusion for Tube Manufacture. Gilbert Evans (Metallurgia,

1936, 14, (83), 142-144).—The adaptation of hydraulics to the piercing and
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extrusion of non-ferrous metals for finishing into tubes is discussed in relation
to improvements of design for the hydraulic operation, the adaption of the
tools to the conditions regulated by the material to be extruded, and improve-
ments in design, which aim at greater manufacturing accuracy, and consistent
dimensions in extensive production. Vertical and horizontal types of presses
are compared, and a description is given of a modern 3500-ton horizontal
hydraulic extrusion press for non-ferrous metal sections and tubes, which is the
outcome of prolonged research and experiment.—J. W. D.

Henley Lead Extrusion Machine. (Machinist (Eur. Edn.), 1936, 80,
(11), 187e-188e).—Describes the construction and operation of a machine for
extruding lead pipes and sheathing cables. It is claimed that a fine tolerance
in the thickness of the sheathing throughout the entire length of the pipe or
cable is obtained. Non-circular sections can be satisfactorily extruded. The
heat radiation is low and the temperature is controlled by a series of thermo-
couples.—J. H. W.

Four-Unit Wire-Drawing Machine. (Engineering, 1936, 142, (3684),
195-196).—A wet drawing rod machine is illustrated and described, which is
specially suitable for the drawing of bronze wire. Hard phosphor-bronze may
be drawn from 5-gauge rod in 4 drafts to approximately 12-gauge at an
approximate rate of 600 ft./minute.—R. Gr.

Theoretical Premises for Designing a Process of Wire-Drawing. S. N.
Jakovlev (Zvetnye Metally (Non-Ferrous Metals), 1936, (1), 120-127).—[In
Russian.] General views.—N. A.

Power Used in Drawing-Rolls of Multiple Mills. S. N. Jakovlev (Zvetnye
Metally (Non-Ferrous Metals), 1936, (2), 107-119; (3), 90-101).—T[In
Russian.] The distribution of forces on the rolls, back tractive effort, and
coefficient of friction of wire-drawing rolls are studied. Coefficients of friction
in relation to drawing rates are shown graphically for copper, brass, and
bronze wire, and the wire pressure on the rolls is estimated. Nomograms are
constructed for practical use.—N. A.

tFormation of Ears in the Deep-Drawing of Silver Sheet. E. Raub (Mitt.
Forschungsinst. Edelmetalle, 1936, 10, (5/6), 53-67).—In the cold-rolling of
copper-silver alloys the copper and silver crystallites tend to become oriented
in the direction of rolling, and hence directionality of the tensile properties is
developed, the tensile strength being at a maximum at right angles to the
direction of rolling and a minimum at an angle of 45° thereto. Preliminary
forging of the casting, change in the copper content of the alloy, precipitation
heat-treatment, and the addition 0f0-3% phosphorus or 0-94% cadmium to the
metal have no effect on this directionality. Even annealing has little effect on
the directionality of the tensile strength and elongation, and may, under
certain conditions, intensify it by reducing still further the strength and
increasing the ductility at 45° to the direction ofrolling. After high-tempera-
ture anneals the strength in the direction of rolling becomes equal to that at
right angles thereto except when the alloy contains phosphorus. Cross-rolling
prevents the formation of the usual fibre structure but does not prevent the
development of anisotropy; in the hard-rolled state the strength is at a mini-
mum at 45° to the rolling direction but on annealing this slowly disappears.
From these results it appears that ear formation in deep-drawing can be
prevented by cross-rolling, frequent annealing at not too high a temperature
and avoiding too high a degree ofreduction at any stage. The development of
a regular crystal structure takes place only at 800° C. and this temperature is
too high for annealing the relatively low-grade Continental standard silver
alloys since they contain a high proportion of eutectic.—A. R. P.

The Production of Metallic Films. R. V. Jones (J. Sci. Instruments,
1936, 13, (9), 282-288).—The methods for producing thin metallic films by
deposition (sputtering, evaporation, and electrodeposition) and by the reduc-
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tion of bulk metal (beating, planishing, and rolling) are summarized with
references to original papers, and some electrical properties are described.
Foil produced by rolling is in general much superior. If the foil is rolled from
sheet metal, it is necessary to reduce the diameter of the rolls as the toil
becomes thinner, and a suitable machine is suggested. If strips of foil are
rolled from wire, the diameter of the rolls has little influence since the
distortion of the metal is at right angles to the direction of feed (i.e. parallel
to the rolls), whereas when sheet is rolled the distortion is longitudinal.
Practical details of the production of films of the order 0-1 p. in thickness are
described, and also methods for cutting and manipulating thin fiImV?/ i oxi

The Press Forging of Brass. ------- (Heat-Treat. and Forging, 1936, 22,
(7), 327-328).—A briefaccount of the advantages of die-pressings of brass and
related alloys over sand-castings.—J. E. N. 1,

Comparator Gauge for Drop Forgings. Frank Hartley (Machinist (Fur.
Edn.), 1936, 80, (14), 276e-277e).—Describes a gauge for gauging the entire
outline of the contour of a drop forging~having ofi-set surfaces that cannot be
measured by ordinary means.—J. H. W. -

Investigation of Piston Forgings from AC-11 atey. V. A. Livanov
(Zvetnye Metally (Non-Ferrous Metals), 1936, (1), 127-137).—[In Russian.]
From examination of the macro- and micro-structure and tensile and impact
tests, it is concluded that the best material for pistons is that produced from
rolled and pressed rods.—N. A.

Methods of Employing Perforation Boring of Hard Strata by Means of Hard
Alloys. V. P. Banul and M. M. Kravtsov (Bedkie Metalli (Bare\ Metals),
1936 (1), 16-26).—[In Russian.] Hard sintered alloys of the “lobedit
type’are unsatisfactory for drilling hard strata, sharpened strips 8-10 mm.
thick inserted in the drill-heads breaking at the first impact W ith a special
tougher alloy (“ Pobedit 13”) it is possible to drill up to 2 metres at one
effort at one quarter the cost with a steel drill. D. N. S.

XIX.—CLEANING AND FINISHING

(Continued from pp. 418-419.)

*The Cleaning of Tinned Equipment in the Dairy. G. Genin (Lait, 1936, 16,
612-6151 C Abs., 1936, 30, 6838).—The corrosion oftin and tinned copper by
sodium carbonate and sodium hydroxide solutions depends essentially on the
quantity of oxygen dissolved in the solution and very little on the temperature
and concentration of the alkali. The presence of a reducing agent permits a
marked reduction in the corrosion. For this purpose sodium sulphite was
found very effective. Thus, pure tin on treatment with 0-5% solutions of
sodium carbonate lost 6-6 mg./dm.2 while when the carbonate solution con-
tained sodium sulphite the loss was reduced to 0-8 mg./dm.2 Sodium sulphite
has the advantages of low cost, relative stability in a solid state and ready
solubility in water and alkaline solution ; moreover, its product of oxidation,
sodium sulphate, exerts no deleterious effect. By the addition of sodium
sulphite it is possible to reduce to about  the attack of alkaline solutions on
tin. It is suggested that proper proportions of mixmg sodium sulphite and
carbonate or hydroxide are 1 part sodium sulphite to 10 parts of crystallized
sodium carbonate or 1 part sodium sulphite to 4 parts of sodiuna carbonate or
sodium hydroxide. The protective action of the sodium sulphite on tin is
exerted until all of it has been oxidized to the sulphate.—b.G.

*Methods of Caring for Cream Separators and Their Influence Upon the
Quality of Cream [Cleaning of Separator Parts]. C. K. Johns (Set. Agnc.,
1936 16 373-390; C. Abs., 1936, 30, 6072).—A rinse of sodium hypo-
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chlorite containing 50 p.p.m. was very effective in reducing contamination in
separator bowls. Metso, a commercial sodium metasilicate detergent, proved
to be very corrosive to metal separator parts.—S. G.

Colouring of Metals. IV.—Zinc and Die-Castings. Herbert B. Simonds
and C. B. Young (Iron Age, 1936, 138, (10), 3035, 110).—Describes the few
commercial methods available for colouring zinc and outlines tbe chiefresearch
now in progress. The Cronab method involves simple immersion in acidified
sodium bichromate, which causes an insoluble film to be deposited on the
surface of the metal. The possibilities for electrodeposited coatings on zinc
are the same as for other metals previously described (Met. Abs., this vol.,
p. 324), but the procedure sometimes requires specific adaptation. The
compositions of both inorganic and organic baths for nickel plating are given,
and the method ofalloying for colour (nickel—-brasses) and the use of nickel for
producing colour effects are described.—J. H. W.

The Use of Steel Wool for Grinding and Polishing Aluminium and Other
Metals. E. Boing (M.S.v.Z. fur Metall- u. Schmuckwaren Fabrilcation Sowie
Verchromung, 1936,17, (7), 11; Neuhausen Wochenbericht, 1936, (28), 299).—
The steel wool used for polishing should be soft rather than brittle, should
consist of long threads, and should be degreased to avoid smearing. Owing to
the sharp edges of the separate strands it has been found suitable for fine
grinding. Irregularly shaped articles can be treated with steel wool as the
latter readily follows all the irregularities of the surface and does not leave
dirt or dust on the surface of the metal.—L. A. 0.

Applying the Grinding Wheel to New Production Operations. Fred Homer
(Canad. Mach., 1936, 47, (8), 20-22, 46).—Complex grinding operations have
been considerably developed and extended as a result of the demand for
standardized metal parts and of the introduction of artificial abrasives.
Examples of plunge-cut work, centreless grinding, tapering, and recessing are
described and illustrated.—P. M. C. E.

Sand-Blasting from the Point of View of Economy. E. Engelhart (Werkstatt
u. Betrieb, 1936, 69, (17/18), 233-235).—Sand-blasting installations are classified
according to the method of introduction of the abrasive. In plant for light
work (e.g. production ofa matt surface), the sand is sucked in by the airstream
a gravity feed is used in heavier ornamental work, whilst in the cleaning of
foundry pieces, &c., the abrasive is introduced under pressure. Modem plant
is described and illustrated, with an estimate of costs.—P. M. C. E.

Pickling Tank Tie-Rods. ------ (Engineer, 1936, 162, (4210), 299).—
Considers the defects of tanks constructed of wood and outlines the mechanism
of tie-rod corrosion. Suggests and illustrates methods of minimizing corrosion.

—E. Gr.

XX.—JOINING

(Continued from pp. 419-421.)

“Contribution to the Testing of Tin-Lead Soldered Joints. Willi Tonn and
Heinrich Gunther (Z. Metallkunde, 1936, 28, (8), 237-239).—The strength of
butt and lap joints in tinplate and zinc sheet soldered with pure lead-tin
solders of various compositions has been determined. For joints in sheet zinc
the strength increases with the tin content of the solder, but for joints in tin-
plate no further increase in strength takes place above a tin content of 30%
in the solder. In both cases lap joints are about twice as strong as butt
joints. Using an electric soldering iron the time taken to solder a jointand the
amount of solder used decrease with increasing tin content of the solder so that
the apparent saving in tin in using a low-tin solder is offset by the necessity of
using much more solder.—A. E. P.
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~Physical Properties of Soft Solders and the Strength of Soldered Joints.
(Gonser and Heath.) See p. 454.

Properties of Metals and Alloys and Their Importance in Welding and
Soldering. Erich Liider and Karl Heinemann (Z. Metallkunde, 1936, 28, (7),
188-192).—The effect on the soldering and welding properties of metals and
alloys of the following factors is discussed ; the heat transfer properties of the
metals to be joined, the freezing range of alloys used as solders, the reducibility
of the various oxides by the torch flame, the solubility of the oxides in the
fluxes used, and the solubility of gases in the welded metal. —A. R. P.

Low-Temperature Brazing with Silver Alloys. Philip Kriegel (Welding Eng.,
1936, 21, (8), 32-36).—The advantages of silver solders are enumerated and
advice on their use is given. Oxy-acetylene is recommended for heating the
seam to be jointed, the solder being applied to the preheated seam after removal
of the flame. Lap joints are preferred to butt joints or fillets, and a close fit
is desirable. Applications to copper, bronze, stainless steel, and nickel alloys
are illustrated and described.—H. W. G. H.

New Brazing Alloy Increases Applications [Phos-Copper]. ------ (Amer.
Metal Market,1936,43, (159), 6). Westinghouse “ Phos-Copper” Brazing Alloy.
1 (Machinist (Eur. Edn.), 1936, 80, (38), 779-780).—A brief note.

Phos-copper, an alloy of phosphorus and copper, has been developed to replace
expensive silver solders. Its properties, uses, and the forms in which it is
available are described.—L. A. 0.

*Does Loss of Alloying Constituents Occur in Light Metal Welding? M.
Maier (Aluminium, 1936, 18, (8), 373-374).—In the oxy-acetylene welding of
good grades of technical aluminium the loss of iron and silicon is practically
negligible, but with Hydronalium there is a loss of about 4% of the magnesium
content but no reduction in the manganese content. In gas-welding Silumin
very little silicon is lost under a good flux but about 3% is lost without a flux ;
no loss of copperoccurs in welding “ German alloy,” but about 2-3% ofthe zinc
may be lost. In welding the American 8% copper alloy, however, the copper
content of the weld may be as much as 0-5% less than that of the surrounding
metal, a loss of over 7% of the total copper.—A. R. P.

Electrical Spot Welding of Light Alloys. 1. M. Brailovskiy (Aviopromish-
lenost (Air Industry), 1936, (4), 41-43).—[In Russian.] The advantages of
spot welding over riveting in aircraft construction are indicated.—N. A.

Technical Standardization and Costs of Gas Welding of Copper and Alu-
minium Sections. J. S. Smirnow (Avtogennoe Delo (Autogenous Practice),
1935, (12), 24725).—[In Russian.] A study of causes, with numerical data,
affecting expenditure of time and materials.—N. A.

The Sheathed Electrode for the Welding of Copper. A. Matting and W.
Lessel (Elektroschweissung, 1936, 7, (9), 161-170).—The new electrode has four
coatings : the first, immediately surrounding the core of substantially pure
copper, forms a slag of approximately the same melting point as the latter;
the second forms, under the heat of the arc, large quantities of a gas which is
not absorbed by copper; the third and fourth form the sheath, being fused
away less readily than the core, so as to form a tube which directs the stream
of gas on to the seam. This tubular stream ofgas enables a long arc to be held
without difficulty and withoutrisk ofoxidation ofthe molten metal. Lengthen-
ing the arc reduces the melting speed of the electrode and allows high voltages
to be used, so that sufficient heat is given to the work to compensate for the
high thermal conductivity, without the need for auxiliary blowpipe flames.
The weld metal passes steadily through the “ tubular arc ” instead of falling in
large drops. The electrode is connected to the + pole; the voltage used
varies from 40 v., for 8 mm., to 100 v. for 30 mm. length of arc, and the current
is between 220 and 120 amp. for a 4-mm. diam. electrode. Preheating to
200° C. is necessary at the beginning of a seam and may be carried out by
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carbon arc. The welding speed is about 3-3 m. per hr. for 10 mm. thick
material. Tensile tests on the welds give 90% of the strength of the parent
metal and 18-22% elongation. The electrodes can be used for vertical
welding.—H. W. G. H.

Welding in Repairs of Bronze Articles. B. I. Belov (Avtogennoe Delo
(Autogenous Practice), 1936, (5), 21-22).—[In Russian.] A description of the
welding process.—N. A.

Methods of Lead Welding Differ Widely from Practices with Other Metals.
F.E. Rogers and W. H. Carter (Welding Eng., 1936, 21, (8), 24-27).—For tank
linings, lap seams are normally used, butt joints being made only in thick
material. The technique to be adopted is described for both types of joint,
great emphasis being laid on the need for scrupulous cleanliness. Various types
of joint for pipe work are also discussed. Hydrogen is recommended for
welding.—H. W. G. H.

Hints on Maintenance of Resistance Welding Machines. A. M. Macfarland
(Welding Eng., 1936, 21, (8), 19-20).—Attention is particularly directed to the
need for keeping constant the area of the electrode tips, cleaning switch and
contactor contacts, and preserving the close fit of dies and clamp for butt- or
flash-welding.—H. W. G. H.

High-Power Machinery for Spot Electrical Welding of the AGA-175 Type.
G. V. Nedzevezkiy (Vestnik ElektropromisMennosti (Messenger Elect. Ind.),
1936, (8), 10-13).—[In Russian.] Descriptive.—N. A.

Phenomena Determining the Process of Spot Welding. A. S. Orlev (Avio-
promishlenost (Air Industry), 1936, (4), 44—18).— [In Russian.] The thermal,
electrical, power, and geometrical phenomena in spot welding are examined and
conditions for attaining good results laid down.—N. A.

The Atomic Physics Basis of the Welding Capacity of Metals. A. S. Ogie-
vezkiy (AvtogennoeDelo (Autogenous Practice), 1935, (12), 14717).—[In Russian.]
A survey of general principles.—N. A.

Oxy-Acetylene Welding. L. C. Percival (Indust. Oases, 1936, 17, (1),
24733; (2), 69-73, 79-83).—See Met. Abs., this vol., p. 177.—H. W. G. H.

Novel Constructions of Welding Torches. A. S. Falkevich (Avtogennoe Delo
(Autogenous Practice), 1935, (11), 25-26).— [In Russian.] The new lightertype
of welding torches made of aluminium and its alloys, as constructed at the
First Autogenous Works, and other types are described.—N. A.

XXI1.-INDUSTRIAL USES AND APPLICATIONS

(Continued from pp. 422—124.)

Shaping and Constructing in Light Metals. Walther Zarges (Aluminium,
1936, 18, (8), 353-360).—A lecture dealing with the industrial applications of
aluminium and its alloys in the form of sheet and castings. Among the uses
discussed are the construction of coach-work, deck superstructures in steam-
boats, non-magnetic metal parts of magnetic separators, ventilating apparatus
for railway trains, railway and omnibus doors, sign plates, stands for scientific
instruments, and parts of electrical apparatus.—A. R. P.

Light Articulated Unit of Welded Construction in Aluminium Alloys.
Maurice Leroy (Allégement dans les Transports, 1936, 5, (3/4), 30-36).—An
account of the 3-car rail units adopted on the French Chemin de Fer du Nord.
The annealing ofthe welded body-work is obviated by the use of M.G.7, a light
alloy containing 7% of magnesium ; the properties of this material when fully
annealed are given.—P. M. C. R.

New Light Metal Car for the Milan Tramways. R. Ferrari (Allégement dans
les Transports, 1936, 5, (9/10), 114-121).—[In French and German.] An
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experimental tram car constructed for the Milan city authorities has a super-
structure mainly of Avional, whilst Duralite castings and forgings are used in
bogey construction. An 18% reduction in weight has been effected in the
complete unit, the reduction in the case ofthe superstructure being estimated at
40%. Details of design and construction are illustrated.—P. M. C. R.

Light Metal Speed-Boat. Ad.-M. Hug (Allégement dans les Transports,
1936, 5, (1/2), 14-17).—[In French and German.] Peraluman, an easily
welded light alloy of high resistance to corrosion, has been used in the con-
struction ofthe hull and most of the stressed members ofa 300-h.p. speed-boat
recently launched at Vitznau. Other light alloys employed are Aluman A
(petrol tank), Anticorodal B (seats), Silumin-Gamma (steering-levers), and
Peraluman 2 (bearing-boxes). The properties of these materials are tabulated,
the treatment being indicated in each case.—P. M. C. R.

Autothermic Piston Controls Clearance. P. M. Heldt (Automotive Ind.,
1936, 75, (12), 376-378).—Undesirable expansion effects in aluminium-silicon
alloy pistons are eliminated by the inclusion of light steel inserts and by oval
grinding of the skirt. The design is fully described and illustrated.

—P. M. C. R.

Non-Vibrating Cables for Aerial Conductors. M. Preiswerk (Bull. Assoc.
Suisse Elect., 1936, 27, (9), 543).—A short note on the satisfactory service and
freedom from vibration of a composite aerial cable of Aldrey with a core of
galvanized steel wire.—P. M. C. R.

fThe Manifold Uses of Aluminium Powder. E. Herrmann (Aluminium,
1936, 18, (8), 376-381).—A review of the patent literature showing the many
useful applications of aluminium powder.—A. R. P.

Aluminium Powder Paints. --—- Freitag (Oberflachentechnik, 1935, 12,
152-153; G. Abs., 1935, 29, 5286).—A much better and denser coat of alu-
minium paint is obtained if the aluminium powder and the binder are mixed
just shortly before the coat is applied than when the paint stands ready mixed
for some time. Aluminium paints are particularly advantageous where the
materials to be protected are exposed to strong sunshine (tropics) or where
vessels, rooms, &c., must be protected from heat radiation (airships, railroad
cars, storage tanks for inflammable liquids).—S. G.

Use of Electrolytic Cadmium in the Manufacture of Syphons for Carbonated
Beverages [Toxicity of Cadmium]. Bordas (Ann. Falsif., 1936, 29, 233-
234; G. Abs., 1936, 30, 4935).—As cadmium offers considerable analogy with
zinc and seems to be more toxic, it isrecommended that its use be prohibited for
articles that come into contact with foodstuffs.—S. G.

Substitution of Tin-Bronzes by Special Bronzes, Special Brasses, and Other
Metals, DIN 1705, ------- (Z. Metallkunde, 1936, 28, (8), 243).—Suitable sub-
stitutes for phosphor-bronzes containing 6, 10, 14, and 20% tin are indicated
for various purposes, also alloys free from tin which can be used in place of
standard German red brasses.—A. R. P.

On the Use of Calcium Babbitts in Shipbuilding. 1. T. Kolenov (Sudo-
stroenie (Shipbuilding), 1936, (8), 575-577).—[In Russian.] A review.—N. A.

Filling of Bearings with Calcium-Sodium Babbitt and Bronze Turnings.

Frankfurt (Uralskaja metallurgia (Metallurgy of Ural), 1936, (5), 38).—
[In Russian.] The inclusion of bronze turnings in calcium-sodium Babbitts
has made their use in heavy plant possible.—N. A.

Some Troubles with Plumbers’ Materials. F. L. Brady (/. Inc. Clerks
Works Assoc. Gt. Britain, 1935, 52, (627), 75-78 ; Building Sci. Abs., 1936, 9,
11).—Considering lead as a plumber’s material, B. points to the proved
durability of lead when correctly used. Cases of failure would appear to be
due butrarely to the lead itself. The marked resistance of lead to weathering
results from the protective film of corrosion products which is quickly formed.
Instances are described of the corrosion of lead by water containing lime in
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solution from Portland cement mortar. In that case the protective film is not
formed. The corrosion product is a red oxide which appears to be formed in
annual layers, which indicate the number of years during which corrosion has
proceeded. The corrosion oflead in contact with timber, especially hard woods
such as oak or teak, is thought to be due to acid substances in the wood,
particularly if unseasoned. In flat-roof construction where sheet lead is laid
over timber it is advisable to insert a layer of protective material, such as
bituminized felt, between the two materials. Good workmanship is essential
to prevent the penetration of moisture between the wood and the lead. At-
tention is directed to the need for further investigation ofthe behaviour of lead
pipes in different types of soil. Failure of lead pipes under pressure may be
due to a weak weld. Failure oflead results also from fatigue due to alternating
stresses. Brief reference is made to the ternary alloys of lead with cadmium,
antimony, or tin.—S. G.

Lead Poisoning Caused by Drinking Water. A. Pelle and Artus {Bull.
acad. med., 1935, 113, 5457 ; C. Abs., 1936, 30, 6861).—Lead is frequently
found in drinking water of low mineral content. Covering the interior of
tubes with tin gives little protection because the coating usually has rather a
high lead content itself. Numerous cases of poisoning have been reported.

—S. G.

Nickel Alloys as Working Materials in Rotary Deep-Drilling Technique.
K. Kalins (Oel, Kohle, Erdoel, Teer, 1936, 12, 389-394).—S. G.

The Sputtering of [Silver for] Large-Aperture Fabry-Perot Interferometer
Mirrors. S.Tolansky and E. Lee (./. Sci. Instruments, 1936,13, (8),261-263).—
A method of producing large-aperture Fabry-Perot interferometer mirrors by
sputtering silver in argon is described.—W. H.-R.

Strontium. E. G. Erick and Gordon H. Chambers {Foote Prints, 1936, 9,
(1), 11-19).—The occurrence and uses of strontium and its compounds are
reviewed.—S. G.

Ways to Use Domestic Materials as Substitutes for Bearing Metals and
Methods of Fashioning Them. R. Kiihnel (Biesserei, 1936, 23, (15), 357-363).—
Aluminium- or zinc-base bearing metals containing copper have been used
satisfactorily as substitutes for imported tin-base alloys in Germany. Lead-
bronzes, special brasses, aluminium, bronze, cast iron, and some light metals
can be used instead of high tin-bronzes. The various applications of these
substitutes are discussed and standard bearing constructions are described.

—A. R.P.

How to Select Electric Heating Alloys. F. P. Peters (Machinist (Eur.
Edn.), 1936, 80, (15), 245e-247e).—The composition and properties of 12 of
the most useful resistance materials are tabulated. For operation in air above
2400° F. (1315° C.), platinum or platinum-rhodium alloy is used; these are
expensive and have inconvenient electrical properties. For temperatures
between 2100° and 2400° F. (1150°-1315° C.), iron-chromium-aluminium or
iron-chromium-aluminium-cobalt alloys are very satisfactory. Down to
1000° F. (540° C.), nickel-chromium alloys with or without iron are used.
(Tophet alloys), and below 1000° F. (540° C.), Cupron, nickel-steel, or nickel
silver can be used.—J. H. W.

Uses of Metal in Electrical Machinery Construction. P. N. Ivanov (Vestnik
Elektropromishlennosti (Messenger Elect. Ind.), 1936, (6), 27-31).—[In Russian.]
The problem of metal scrap in electrical plant manufacture and of metal
reserves in electrical machine construction are examined.—N. A.

Substitution and Economy of Non-Ferrous Metals in the Electrical Industry.
B. M. Tareev and A. IT. Shpirt (Vestnik Elektropromishlennosti (Messenger
Elect. Ind.), 1936, (7), 15-18).—N. A.

Factors Responsible for Off Flavours in Milk. P. H. Tracy (Milk Dealer,
1936, 25, (8), 114-117 ; C. Abs., 1936, 30, 4938).—Contamination of milk with
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copper oriron gives flavour defects characterized as cappy, metallic, tallowy, or
oily. Copper and iron catalyze oxidation processes in the milk. The use of
dairy equipment which will not allow contamination with copper or iron is
therefore recommended.—S. G.

*The Influence of Metals on Milk. W. Bitter (Schweiz. Milchzeitung, 1936,
62, 331-332, 337-338; C. Abs., 1936, 30, 6837).—The presence of traces of
copper or its alloys was found to be detrimental to the flavour of milk, and
caused the development of tallowiness and similar catalytic oxidation flavours.
Iron, nickel, and zinc were less harmful. Aluminium and its alloys and
different types of stainless steel were without effect. The latter metals are
most desirable for storing, conveying, or pasteurizing milk and milk products.

XXI1.—MISCELLANEOUS

(Continued from pp. 425-426.)

The Institute of Material Research of the D.V.L. P. Brenner (Metallwirt-
schaft, 1936, 15, (32), 745-750; (33), 770-772).—The new building of the
Institute of Material Research of the Deutsche Versuchsanstalt fur Luftfahrt is
described.—v. G.

Recent Advances in the Aluminium Industry. Francis C. Frary (Electro-
chem. Soc. Preprint, 1936, Oct., 179-189; also (abridged) Metallurgia, 1936,
14, (84), 175-176; and Met. Ind. (Lond.), 1936, 49, (17), 412-413).—Advances
in fabricating technique have enabled the industry to use alloys which have
superior properties but which were formerly found not to be practical because
of fabricating difficulties. The aluminium-base alloys containing magnesium,
first proposed many years ago but only recently commercialized, are examples
ofthis. New equipment and knowledge have also permitted the fabrication of
larger wrought articles (structural shapes, forgings, &c.), special extruded shapes
and tubing. Alclad sheet, anodic oxidation, electrolytic brightening processes
and fundamental studies of the design of aluminium alloy structures are
enlarging the field of use of aluminium alloys.—S. G.

Care and Disinfection of Gas Masks Used to Protect Against Chronic Lead
Poisoning. Otto Giesenhaus (Gasmaske, 1936, 8, 50-54; C. Abs., 1936, 30,
4945).—The importance of frequent inspection of gas masks used in atmo-
spheres containing lead smoke or vapour is stressed, and methods of inspection
and care are described. The article is illustrated by photographs.—S. G.

tSafety in the Metal Industry. E. A. Bolton (Met. Ind. (Lond.), 1936, 49,
(16), 391-393).—Presidential Address to the Birmingham Metallurgical Society.
Attention is directed to the hazards incurred in the manufacture of finished rod,
strip, sheet, &c., from ingot metal and scrap, by careless handling and operation
in the respective processes. The greatest risk lies in the fact that daily contact
with machinery, melting equipment, pickling tanks, &c., removes the recogni-
tion ofdanger, and it is urged that every effort be made to educate the workers
themselves in methods of safe working, and in the development of the right
attitude towards safety.—J. E. N.

Subject Indexes to Volumes of Periodicals. S. C. Bradford (Engineer, 1936,
162, (4206), 180-181).—Outlines some methods of indexing.—B. Gr.
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for Describing the Various Patterns Bequired by Zinc, Sheet-lron,
Copper, and Tin-Plate Workers. Seventh Edition by Joseph G.
Horner. Cr. 8vo. Pp. vii+ 224, with 412 illustrations. 1936.
London : The Technical Press, Ltd. (6s. net.)

West, Clarence J. Annual Survey of American Chemistry. Volume X, 1935.
Pp. 487. 1936. New York: Beinhold Publishing Corpn. ($5.00.)

*Zcshel, Theodor. Erhéhung der Schneidgeschwindigkeiten beim Brennschneiden
durch neue Disenformen. Pp. 34, with 29 illustrations and 2 tables.
1936. Berlin: V.D.l.-Verlag G.m.b.H. (Brosch., R.M. 2.75; V.D.l.-
Mitgl., R.M. 2.45.)

NEW PERIODICAL.
Leichtmetall. Monthly. E. Gundlach A.G., Bielefeld, Germany.

XXIV.—BOOK REVIEWS

(Continued from pp. 434-438.)

Werkstoffkunde der Hochvakuumtechnik : Eigenscnaften, Verarbeitung,
und Verwendungstechnik der Werkstoffe fur Hochvakuumrohren und
gasgefiillte Entladungsgefasse. Von W. Espe und M. Knoll. Roy. 8vo.
Pp. viii + 383, with 405 illustrations. 1936. Berlin: Julius Springer.
(R.M. 48))

The standard hooks on the subject of high vacuum technique, such as those of Dushman,
Dunoyer, and Kaye, are now somewhat out of date. They were written at a time of rapid
change, and developments of technique, if not of principle have gone on continually. The
necessities of the lamp and radio-valve industries have given birth to most of the advances in
this Held, and it is refreshing to find a book of this kind treated from the strictly practical point
of view. It is important to realize, however, that the book deals with the materials used in
high-vacuum technique and not the apparatus. Thatisto say, the reader will find excellent
information on particular types of glass-metal or glass-ceramic seals, but no information as
to the best way of evacuating such a vessel when he has made it. In this the book differs
markedly from most of its predecessors, which have tended to concentrate on high vacua rather
than high-vacuum technique.

The book is divided into twenty-five chapters, the first six of which are concerned with the
metals and alloys used in vacuum work. The reader will find here information on metals such
as beryllium, platinum, and tantalum, as well as the commoner metals, copper, iron, and
nickel. Physical properties are tabulated and illustrated clearly and profusely.

Otherimportant chapters in the book are concerned with the degassing of metals, properties
of glasses for vacuum work, hot and cold electrodes, gettering methods, glass-to-metal joins, &c.
The technique of sealing tantalum and molybdenum foils directly into silica glass, now of great
importance in extra-high pressure discharge lamps, is discussed and details are given. Those
interested in cathode-ray tubes will even find several pages of information on luminescent
powders. In a work of this kind, covering a wide range of applications, there are bound to be
certain superficialities; the authors have avoided any serious accusation of this kind by supply-
ing eighteen pages of detailed references to the original literature, much of it in the form of

atents.

P It is safe to say that no vacuum physics laboratory could do without this book, and the
authors are to be congratulated on carrying out their work so well; a special word of com-
mendation is due to the publishers who have reproduced original photographs with great
clarity.—J. T. ItANDAIL.
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Deterioration of Structures of Timber, Metal, and Concrete Exposed to the Action
of Sea-Water. (Fifteenth Report of the Committee of the Institution of
Civil Engineers.) Edited by S. M. Dixon and H. J. Grose. Roy. 8vo.
Pp. xvi -f- 138, with 135 illustrations and 51 tables. 1935. London:
H.M. Stationery Office. (12s. 6d. net.)

Two sections of this volume will be found of interest to non-ferrous metallurgists who are
concerned with corrosion and protection, although they refer to work on ferrous materials :
namely, “ Corrosion of Steel and Iron ” (38 pp.) and “ Protection of Steel and Iron by Means
of Paints and Other Preservatives ™ (26 pp.). In these reports, Dr. J. Newton Friend
co-ordinates data obtained as a result of experiments that have been in progress for many
years in different parts of the world. Corrosion experiments on steel include the examination
of effects due to additions of copper, chromium, and nickel, respectively. The work on pro-
tective coatings includes galvanizing. The results obtained are well illustrated by means of
tables, graphs, and photographs.—E. S. Hedges.

A Bibliography on the Cutting of Metals. By Orlan W. Boston. Part II.
Demy 8vo. Pp. 202. 1935. Ann Arbor, Mich.: Edwards Bros., Inc.

($2.25.)

This book, a bibliography on the cutting of metals, comprises 1257 references mainly for the
years 1929-1934 inclusive. The volume can be regarded as the second supplementary part of
the original bibliography published in 1930, and containing some 700 references. The great
majority of the references are abstracted very briefly, butin an adequately informative manner.

This survey of the literature of cutting tools is not only extraordinarily comprehensive, but
has very obviously been compiled with a desire for accuracy. Whilst the reviewer makes no
pretence to have verified all the references, he can say that a considerable number have been
checked and found accurate in text and agreeing in substance with the abstracts.

The references are arranged chronologically and there are subject and name indexes. The
book has been published privately and is reproduced photographically from typescript. The
make-up has, however, in no way suffered on this account, and in fact the book is very pleasant
to handle and consult.—W. D. Jones.

Wirkung von Druckvorspannungen auf die Dauerfestigkeit metallischer Werk-
stoffe. Von Gerhard Seeger. (Mitteilungen aus der Materialprufungs-
anstalten an der Technischen Hochschule Stuttgart. DIN AS.) Demy
8vo. Pp. vi--56, with 39 plates. 1935. Berlin: V.D.l.-Verlag

G.m.b.H. (Br, R.M.5; V.D.I.-Mitgl., R.M. 4.50.)

The author has published in this booklet a detailed account of his researches into the effects
of initial compressive stressing upon the fatigue characteristics, in torsion and bending, of
the following materials :—an 1Z steel, a 50*11 steel annealed and heat-treated to 70 kg./mm.2,
a 60*11 steel, an annealed nickel-chrome steel, cast iron, and Lautal. The test-pieces were in
the form of drilled rods, a bolt being passed through the bore to apply the initial compressive
stress. The effect of interfering factors such as corrosion and notching were examined.

There are fifty-seven references in the text but no indexes. The book has apparently been
printed by photographic reproduction of typescript. The illustrations and photomicrographs
are not well reproduced. This bookletshould form a useful adjunct to the existing publications
on the subject of fatigue.—W. D. Jones.

Vorspannung und Dauerhaltbarkeit von Schraubenverbindungen. Von A. Thum
und F. Debus. (Mitteilungen der Materialprufungsanstalt an der Tech-
nischen Hochschule, Darmstadt, Heft 7.) Med. 8vo. Pp. viii -f- 72, with
90 illustrations. 1936. Berlin: V.D.l.-Verlag G.m.b.H. (Brosch., R.M.
6.50.)

This booklet comprises an account of the researches conducted by the joint authors on the
fatigue characteristics of screwed joints, pre-stressed, as in practice. Since very little informa-
tion upon this subject has hitherto been published, the bookletshould prove of value to engineer
designers concerned with this type of work. The illustrations are excellently reproduced, and
the various photographs ofapparatus assistin making clear the procedures adopted ina number
of somewhat complicated investigations. The bibliography contains twenty-ope items and
there are subjectand name indexes. The booklet is well printed on good paper, although every

page required cutting.—W. D. Jones.
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