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KIM ON master engraver of coins

The metal artificers of old would recognise a deep kinship with to-day’s
skilled workmen at Capper Pass—though they would marvel at the metal-
lurgical techniques used nowadays to extract maximum quantities of metals
of the highest purity from complex and low grade materials.

You are invited to send samples or detailed analyses of your complex and low
grade ores and residues containing Tin or Lead or tin combined with lead,

copper,- antimony, bismuth and silver.

The fine an of ‘ celature’ came to its apex
in Sicily about the year 400 B.C., andfound
its most famous exponent in the Athenian,
Kimon. In this ten-drachma coin the goddess
Arethusa is seenfull face with dolphins leaping
through her tresses, and the artist has proudly
set his signature on her headband. The Dolphin

motif typifies the Greeks' love of the sea.

CAPPER PASS master extractors of metals

Blast Furnace Tapping

CAPPER PASS & SON LIMITED BEDMINSTER SMELTING WORKS BRISTOL

inside front cover
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can employ to advantage, w.e are always

ready to advise on technical problems.

\—\. \

- = t

Northern Alumlnlum COMPANY LIMITED

An ALUMINIUtIf LIMITED Company

MAKERS OF NORAL SHEET, STRIP, PLATE, SECTIONS, TUBING, WIRE, FORGINGS, CASTINGS, ALPASTE FOR PAINT
SALES DEVELOPMENT DIVISION: BANBURY, OXON SALES OFFICES : LONDON . BIRMINGHAM ., MANCHESTER , BRISTOL , NEWCASTLE -ON-TYNE, LEEDS
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Depicted above is a No. 1653 Torringtori Slab Milling
Machine for overhauling non-ferrous strip up to 30"

wide and " thick, milling one face at a time.

The cutting speeds are variable up to 45 ft minute

dependent on the material and general requirements.

July, 1953
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f What \
OXYGEN
Hand Cutting

h can do—

Making

The Cutogen Blowpipe is now universally used
for rapid cutting of iron and steel in a great
many applications. These include shaping heavy
plates for engine frames, bed plates, etc., pro-
filing heavy sections for use in place of expensive
forgings, for girder cutting, gouging and weld
removal. It is an accepted tool for all con-
structional cutting. The clean, accurate cuts
achieved make for easier fabrication.

mmi



Cutogen 5

1 A robust Cutter. Cuts 12 ins.
mild steel and 4 in. cast iron.
2 Quick-action ball ended valves
with large size control knobs.

3 Lever cutting control “ oil”
when released.
STANDARD MODELS

18" with 90° HEAD

THE JOURNAL OF THE INSTITUTE OF METALS

4 Valve body and nozzle head
from hot brass stampings. Nozzle
head internally threaded.

5 Anti-spatter nozzles.

6 Positive colour identification and
non-interchangeable threads for
gas connections.

24" with 75*“ HEAD (18" model also available)

Also available to order with longer shanks in increments of 6 ins.

Chromium plated—not for eye appeal—but for sound service.

The

smooth, hard-plated surfaces are spatter free.

With their accurate one-piece nozzle and finger-
tip control of fuel gas and oxygen, Cutogen
Blowpipes are the lightest, strongest and easiest-

to-use of all oxygen cutters.

Wherever there’s

iron or steel to be cut—remember CUTOGEN.

Cutogen 3

Similar specifications to Cutogen 5
but of larger capacity to handle
the heaviest hand cutting work.
Standard length 27 ins. between
centre lines of cutting nozzle and
control valves. Obtainable in great-
er shank lengths by Increments
of 6 ins.

Top tube is stainless steel to give
rigidity to the increased shank

Write for full particulars

July, 1953

length necessary for comfortable
operation.

Cuts 20 ins. mild steel

Cuts 15 ins. cast iron

Other Cutogen Blowpipes
available as follows:—
Cutogen 6 for Powder Cutting
Cutogen 7 for Powder Washing
Cutogen 8 for Deseaming

B.O.C.

are

to your Branch
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The solution of
the designer’s problem
does not necessarily overcome

the production engineers’ difficulties

Nno machining

In many cases these may by solved by
the use of powder metallurgy, where
pressing takes the place of
machining. Call in our techni-

cians before the design is finalised

for the most economical solution

BEARINGS *PARTS *FILTERS

Vie &haH fie plead,ed ta ahaie ((am.piaélema—Send ws yeux pxintd

THE MANGANESE BRONZE & BRASS CO LTD ELTON PARK WORKS HADLEIGH ROAD IPSWICH

Telephone: IPSWICH 5S4I5-fi Telegrams: OIL1TE IPSWICH

July, 1953



simple design rugged construction

easy maintenance

These three points mean complete reliability in
operation. See how the roof sections are suspended
from hanger tiles and how the refractories interlock
to ensure tightness against leakage. See how the
metal tile-clips are positioned away from
direct heat and how the clearance enables
insulation to be laid on top of the roof

tile structure to give 85% coverage.

These advantages have brought Incan-

descent-Laclede Flat Suspended Arches .. 1
into world-wide use for heavy-duty

metallurgical furnaces in the non- j|f
ferrous metal working industry. m . §*

THE INCANDESCENT HEAT COMPANY VP
PHONE SMETHWICK 0875 (8 LINES) LONDON  OFFICE aeBaﬁﬁﬁH%%gtngslgllléﬁ%&aﬁﬁ‘héﬁﬂ%gl
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“ 1 shall get a rocket for this, ® sighed Guy Fawkes.

"What | wanted to do was to heat the place,
But look at the fuel | had to
Now, if only I'd had oil fuel—

not blow It up.
work with !
and reliable advice on how to use it from

Shell-Mex and B.P. Ltd.—1 should have had
everything under control. As it is, | suppose
they'll be guying me for centuries as a

supreme example of Uncontrolled Heat."

INDUSTRIAL SERVICE @
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FATIGUE TESTING EQUIPMENT

FOR MATERIALS

Losenhausenwerk Models UHW Universal Fatigue Testing Machines
are suitable for tensile, compression and bending tests on material
specimens under fluctuating loads plus/minus oscillation loads.

Manufactured in two sizes of 6 and 20 tons dynamic load capacity.

FOR COMPONENTS AND STRUCTURAL MEMBERS

Losenhausenwerk Models UHS Universal Fatigue Testing Machines
are suitable for tensile, compression and bending tests on materials,
components, structural members, and built-up machine assemblies under
static loads, fluctuating loads, plus/minus oscillating and alternating
dynamic loads.

Manufactured in sizes having maximum static load capacities of 20, 40,
60, 100 and 200 tons and maximum dynamic load capacities of 10, 20, 40,
60 and 100 tons respectively.

Losenhausenwerk Models UHP Universal Testing Machines of 6, 10,
20, 40, 60, 100 and 200 tons maximum static load capacity may be fitted
with a Pulsator Unit either at the time of ordering or at a later date f
making them suitable for fluctuating load tests in either tension or com- Universal
pression up to a maximum dynamic load of approximately halfthe maximum Fatigue Testing
static load capacity. They are not however suitable for alternating load

tests from tension to compression.

Type UHS

FOR LARGE STRUCTURAL AREAS

When structural assemblies are of such dimensions that they cannot be
accommodated in any of the machines previously described and where it
is necessary to apply static or dynamic loads at points widely separated
over astructural area, Losenhausenwerk Individual Testing Cylinders
may be connected through a distributor to a Losenhausenwerk Pulsator
Unit and Pump as shown in the illustration. Typical applications of this
type of installation are for static and fatigue tests on aeroplane wings,
tail planes, etc., and in building research.

These individual testing cylinders are manufactured for maximum static
loads of 2, 6, 10, 20, 40, 60 or 100 tons with maximum dynamic load
capacities equal to half the static load capacity. Losenhausenwerk Pulsator
Units are manufactured in sizes of 50, 100, 200, 300, 800 cubic cm./volume.
Models 50 to 300 with 330, 500, 600, 660 and 1000 strokes per minute
and model 800 with 200, 300, 400 and 600 strokes per minute.

The complete Losenhausenwerk range in addition to the equipment described includes
Vibration Machines, Vibration Tables, Universal Testing Machines, Building Material Testing
Machines, Creep Testing Machines, Chain Testing Machines, Spring Testing Machines,
Pendulum Impact Testing Machines and Balancing Machines.

WICKMAN of COVENTRY

LONDON . BRISTOL BIRMINGHAM . MANCHESTER
LEEDS . GLASGOW NEWCASTLE . BELFAST

297F85
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METAL POWDERS
h

POWDER METALLURGY LIMITED

POWDER METALLURGY LTD. 59-62 HIGH HOLBORN, LONDON,W.C.I

OF REFRACTORIES
Sillimanite and Aluminous
Clay Bricks of all Kkinds

for the

Non-Ferrous Metal Industry
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Bogie, Roller and Rotary Hearth Furnaces, Rectangular and Tubular Batch Fur-
naces, Bell Type Furnaces, Chain, Mesh Belt and Continuous Conveyor Furnaces,
Rotary Drum Furnaces, Pit Furnaces, Pusher Furnaces, Gravity Feed Furnaces,
Air Circulating Ovens, Drying Ovens and Walking Beam Furnaces.

/
/

/
¥

Air Circulating Ovens

¥

f Illustrated is an ageing oven, supplied to a prominent aircraft manufacturing
concern, to take up to 24 feet long light alloy sections and working on the batch
¥ principle of operation. The sections arc truck-loaded into the oven, the truck
v running on rails. A centre door, half-wayalong the chamber, enables the oven
¥ to be split into two 12 foot sections, each section having independent
temperature control, thus saving electricity costs by using only half
f the capacity of the unit.
f Each half of the oven is provided with its own external heater battery and large
f volume circulating fan. From the view ofthe chamber will be seen the series of heater
f ducts mounted on each side wall. The fans are of the centrifugal type with the
j impellor shaft mounted in ring oiled bearings, the inner bearing being watcrcoolcd.
lhe total rating is 150 kW. Two sets of switchgear and oil circuit breakers are
n mounted on the outside wall of the oven casing. Each section of the unit is
w equipped with its own independent dial-type indicating controller.

Consult G W B

yon every aspect
of heat-treatment

G.W.B. ELECTRIC FURNACES LTD.
Dibdale Works, Dudley, Worcs. Phone: Dudley 4284/5

Proprietors: GIBBONS BROS. LTD. and WILD-BARFIELD ELECTRIC FURNACES LTD.
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FOSTER

PYROMETERS

For over 40 years we have specialised in the design, produc-
tion and application of pyrometers. This experience has
enabled us to produce a range of instruments to satisfy
the needs of practically every modern industrial process.
Your problem in pyrometry is our problem and, having
solved it, we ensure that the instruments supplied continue

Dial Recorder

5" Scale Circular Wall Type Indicator

to give satisfactory and reliable service. S )
Multi-Point Strip Chart Recorder

10" Scale Fluih-mounting Indicator

We also make the
FOSTER INTROSCOPE
for internal inspection of
inaccessible parts, includ-
ing pipe welds, diesel
jets. etc.

FOSTER INSTRUMENT CO., LTD., LETCHWORTH, HERTS.

Telephone: LETCHWORTH 984 (3 lines) ENGLAND Telegrams: RESILIA, LETCHWORTH

PRESSURE DIE CAST IN ALUMINIUM ALLOY
WEIGHT 2i lbs. GASKET GROOVE CAST IN
PLACE TOGETHER WITH ALL HOLES READY

FOR TAPPING.

GRAISELEY HILL « WOLVERHAMPTON

TELEPHONE: 238 31/4 WOLVERHAMPTON . TELECRAVBtDIECASTINGS, WOLVERHAMPTON n

American Affiliation: PRECISION CASTINGS CO. INC. « FAYETTEVILLE « SYRACUSE «CLEVELAND mKALAMAZOO «CHICAGO
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A NEW ALLOY FOR MORE POWERFUL JET ENGINES

Strong, ultra-light, with good creep resistance
at 350°C., with excellent fatigue

strength at elevated temperatures and
high resistance to corrosion, the

new “Elektron” ZT1 casting alloy

(with zirconium, zinc and

thorium) will carry the design of jet
engines another step forward.

For lightness plus strength-at-elevated-temperatures
specify “ Elektron

Magnesium Elektron Limited . Clifton Junction ¢ Manchester e London Office . Bath House < 82 Piccadilly « W.I
July, 1953



THE JOURNAL OF THE INSTITUTE OF METALS

Send for this Murex booklet

An interesting and informative
survey of the wuses of MUREX
metallurgical and chemical pro-

ducts is now available.

Write for
booklet PM 13 to

M_'E‘(L RAINHAM ESSEX ENGLAND

Telephone : Rainham (Essex) 3322 Telegrams: Murex Rainham Essex

the key to vibration analysis

Resonance, out of control, may cause fatigue failure in any engineering structure
from a bridge to a turbine blade.

Resonance, mechanically induced in structures which are on test, becomes the
servant of the designer instead of being his master.

Electro-mechanical fatigue testing is the modern method of ensuring the most
efficient structure.

de Havilland have twenty years of experience in
vibration analysis in the aircraft industry and other
industries.  Power amplifiers, limiting amplifiers,
moving-coil vibrators and other equipment are available,
with expert guidance, for the designers of today.

DE HAVILLAND PROPELLERS LTD

ELECTRONICS DIVISION, HATFIELD, HERTFORDSHIRE, ENGLAND
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This photograph of a Molins
cigarette machine is reproduced by
courtesy of Molins Machine Co.
LtdEvelyn St., Deptford, S.E.8.

The unique cigarette machinery made by Molins Machine
Company Limited contains a large number of special
components, some of them highly complex in design.
Duralumin was chosen for many of these components,
because it is light, easy to machine and resists corrosion
—making possible the production of precision parts which
will remain like new throughout the life of the machine.
This is just one of the many applications in which the
« QJ * properties of James Booth light alloys have_been used to
advantage. Our development department will be pleased
to discuss new uses for light alloys, without obligation.

A N D COMPANY LI MITETD e argyle street works e Birmingham?

July, 1953 15
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BOLTON'S COPPER

in industrial progress

Thomas Bolton, a great
grandson ofthefounder
of the firm bearing his
name, Invented the
first continuous wire-
drawing machine.The
illustration shows the
original application
for patent rights,
which were granted
in 1887. Thomas
Bolton set the
standard for mod-
ern wire-drawing
practice.

Bolton's Copper Products comply with all relevant
British Standard specifications and many other Home,
Colonial and Foreign Government requirements.

H.C. COPPER AND CADMIUM COPPER
for Overhead Conductors

TROLLEY AND TELEPHONE WIRE
STRANDED CONDUCTORS

BRASS & PHOSPHOR BRONZE WIRE
in special qualities and tempers
for all purposes
Medium heavy {3 die continuous

wire-drawing machines in Bolton’s
at Froehall, Stoke-on-Trent

FIRE!

PRODUCTION LOST BUT FOR

NU-SWIFT !

A spark...a flash...fire blazing...dial 999 !

But for at least five minutes that blaze

will be YOURS alone! Reliable Nu-Swift

is the world’s fastest and most certain
fire-killer.

NU-SWIFT LTD « ELLAND mYORKS
In Every Ship of the Royal Navy

CHEMICAL PLANT
BY

W. G. JENKINSON LTD

If you have a problem concerned with

storing, piping or processing acids or
other corrosive chemicals, our long and
varied experience in the provision of

chemical plant is at your disposal.

e As Chemical Plumbersand Leadburners

we have for many years been associated
with high-class fabricated leadwork in
sheet and pipe. But we are equally exper-
ienced inthe use and fabrication ofstai nless
steel, plastics and other corrosion-resist-
ing materials for the manifold purposes
demanded by the Chemical Engineering

THOMAS BOLTON & SONS LTD

HEAD OFFICE: WIDNES, LANCS. Tel. WIDNES 2022
LONDON OFFICE AND EXPORT SALES DEPARTMENT :
168 Regent Street, W .| Telephone: Regent 6427/8/9

cvs—163/s3C

16

Industry.

All enquiries to:

W. G. JENKINSON,

LTD

156-160 ARUNDEL STREET, SHEFFIELD, |

Telephone: Sheffield 22473

July, 1953
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Roller Section Straighteners—full range
of high speed Roller Straighteners for
bars and sections from [Ijin. to ljin.
angles to 24in. X 7jin. joists.

High Speed Tube and Bar Straighteners—in
several classes for bar from Jin. diameter to
9in. diameter, with non-adjustable and
adjustable angle driving rolls.

Hot Saws, Pendulum and Horizontal Types—
in sizes from 36in. to 60in. Saw diameter.

Billet Shears, Vertical and Horizontal—for
hot and cold work. Alligator Shears and
Cropping Shears.

Gangslitting Machines,—for slitting from
sheet or coiled strip. Complete Mill type
Slitting Lines—for heavy coils. Coilers and
Uncoilers, Rotary Scrap Cutters, and full
range of coil handling equipment.

Guillotine Shears, Guillotine Plate Shears—
forlightand heavy duty from 4ft. X Jin. up to
10ft. X ljin. Mild Steel, and Upcut Shears.

Reeling Machines—for hot and cold work,
in alloy and special quality steel, fixed and
variable angle roll type for tube or bar.

Plate Levelling Machines—for sheet and
heavy plate, hot or cold, unsupported and
supported roll types for precision or general
levelling.

Hydraulic Sheet Stretchers for Mild and
Stainless Steels, with various types of Grip-
heads according to section to be worked,
also Section Stretchers for bars.

Bending &. Straightening Presses . Bulldozer Forging Machines . Drawbenches
Sheet Corrugating Plant 8 Roller Section Forming Machines 8 Plate
Bending Rolls 8 Friction Screw Presses 8 Centreless Bar Turning Machines.

BIG WOOD & SON LIMITED « WOLVERHAMPTON ENGLANBIID]A

17
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The “A & B”

Non-Ferrous
STRIP ROLLING MILL

for Aluminium, Tin, Lead,
Copper, Zinc, Brass, etc.

The most powerful pre-
cision mill with ultra
modern refinements.

Created in 1952 and al-
ready in service all over
the world.

Range: from U" (38 mm.)
down to .002" (0.05 mm.)

Mirror-finish Steel Rolls :
width: 10" (250 mm.)
diam.: 9J" (230 mm.)

9 WATER COOLED ROLLS

. ROLLER CLEANING DEVICE

9 INSTANTANEOUS BRAKE STOP

# DOUBLE UNWINDING AND COILING DEVICE

QUICK DELIVERY

ANDERSEN &

VERY REASONABLE PRICE

Can be seen in service

Also:

BRUUNS FABRIKER A/S ANDERSEN & BRUUN

COPENHAGEN-F
DENMARK
Cables: KAPSEL, Copenhagen.

RICHARD JOHNSON AND NEPHEW LTD. MANCHESTER 11
18

(ENGLAND) LTD.

Stoke Park, SLOUGH,
BUCKS.

Cables: ABEL, SLOUGH
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The World’s
Standard Antlmony (g,ﬂam(minimum 99.6% pure antimony)
Is Gookson’s Star ‘C’

made by Associated Lead

Tyne Brand Metal — guaranteed

minimum 99% pure antimony.

Leady Antimony.
Crude Lump Antimony.
Black Powdered Antimony.

We also make these antimony products : < . : .
Timonox : Cookson’s White Oxide

of Antimony.

Antimony Oxide.

Antimony Sulphides for Rubber.
Technical booklets and advice on all these
products are available on request.

Associated Lead Manufacturers Limited is a single Company which

ASSOC IATED LEAD specialises in the manufacture of Lead and Antimony Products

IBEX HOUSE, MINORIES, LONDON EC3 ROYAL 4525
CRESCENT HOUSE, NEWCASTLE NEWCASTLE 36211
LEAD WORKS LANE, CHESTER CHESTER 21022

EXPORT ENQUIRIES TO: THE ASSOCIATED LEAD MANUFACTURERS EXPORT CO. LTD. IBEX HOUSE, MINORIES, LONDON EC3

July, 1953
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Ask for the
BIRMINGHAM LONDON MANCHESTER
Victoria 2954 Albert Dock 2841. Tilbury 237 Blackfriars 6348
PRESTON INVERKEITHING BRISTOL
Preston 86285 Inverkeithing 460/1 Fishponds 53253
MIDDLESBROUGH WISHAW LIVERPOOL
Middlesbrough 3481 Wishaw 26 Bootle 3885
BRITON FERRY BARROW-IN-FURNESS MILFORD HAVEN
Briton Ferry 3166 Barrow 275 Milford Haven 76

T H O ,;, W . W ARD W D
A LB ION WORK S « SHEFFIEL D

TELEPHONE: 26311 (22 Lines) TELEGRAMS: “FORWARD <« SHEFFIELD"

LONDON OFFICE : BRETTENHAM HOUSE LANCASTER PLACE STRAND

NF/2
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In the service of Industry ...

Low temperature brazing is the neatest method of
producing permanent joints in metal— and one oi
the most dependable. In providing the alloys for this
process, as in many other ways, Johnson Matthey s
specialised knowledge ot the properties and versatility
of the precious metals contributes to greater

efficiency and productivity in many industries.

JOHNSON, MATTHEY & CO., LIMITED

22

Johnson
Matthey

Pre-eminent in the application

of the precious metals to the

needs of industry.

Hatton Garden,

London,

E.C.1
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INSTITUTE NEWS

Representatives on Other Bodies

Mr. W. S. Gifford lias been appointed as the Institute’s
representative on a Committee on the Application of Elec-
tricity to Industrial Process Heating, convened by the
Institution of Electrical Engineers.

Dr. Ivor Jenkins has been appointed as representative of
the Institute on the Advisory Council of the City and Guilds
of London Institute, vice Dr. F. A. Fox.

Dr. D. Tabor has been appointed as the Institute’s repre-
sentative on British Standards Institution Panel MEE/37/9/1:
Rockwell Hardness Test.

M ajor P. Lithertand Teed has been appointed as one of
the Institute’s representatives on British Standards Institution
Committee NFE/-/-: Non-Ferrous Metals Industry
Standards, vice Dr. F. A. Fox.

“ Metallurgical Abstracts ” Volumes Wanted

The Institute will pay f i each for bound volumes, in good
condition, ofMetallurgical Abstracts 1940 (Vol. 7), 1941 (Vol. 8),
1942 (Vol. 9), 1943 (Vol. 10).

The following monthly parts of thelJournal and Metallurgical
Abstracts are also urgently required, and the Institute will pay
7s. 6d. for each copy in good condition :

1941: July, Aug.
1942 : July, Aug., Oct.
1943 : May, July, Aug., Sept., Oct.

Copies offered for sale should be addressed to the Secretary.

Election of Members

The following 12 Ordinary Members, 1Junior Member,
and 7 Student Members were elected on 19 May 1953 :

As Ordinary Members

Bulow, Carl Lawrence, Corrosion Metallurgist, Bridgeport
Brass Company, 30 Grand Street, Bridgeport 2, Conn.,
U.S.A.

Chang, Hsing Chien, M.S., Sc.D., D.I.C. Research Staff,

Department of Metallurgy, Massachusetts Institute of

Technology, Cambridge 39, Mass., U.S.A.

der Glas, Bastiaan Gerrit, Chief, Material Testing
Laboratory', K.L.M. (Royal Dutch Airlines), Schipol,
Netherlands.
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Hyman, Edward David, Mct.E., Metallurgical Engineer,
National Bearing Division, American Brake Shoe

Company, Manchester Avenue, St. Louis, Mo., U.S.A.

M cLettan, David Smith, B.S., Plant Metallurgist, Reynolds
Metals Company, Phoenix, Ariz., U.S.A.

Ritey, Hilary' Francis, B.Sc., A.R.S.M., Manager and Metal-
lurgist, Beryllium and Copper Alloy's, Ltd., 47 Victoria
Street, London, S.W .i.

Seybolt, Alan Upson, B.S., Ph.D., Research Associate,
Metallurgy Department, Research Laboratory, General
Electric Company, Schenectady, N.Y., U.S.A.

Taylor, Alan Wright, B.Sc., A.I.M., Divisional Metallurgist,
British Electricity Authority, South Wales Division,
B.E.A. House, Twyn-Fedwen Road, Gabalfa, Cardiff.

T aylor, Professor Howard Floyd, M.S., Professor of Mechani-
cal Metallurgy, Massachusetts Institute of Technology,
Cambridge 39, Mass., U.S.A.

W estbrook,Jack Hall, M.Mct.E,, Sc.D., Research Associate,
Research Laboratory, General Electric Company,
Schenectady, N.Y., U.S.A.

Zuitig, Alfons J., Dipl.-Ing., Director of Operations— Staff,
Aluminium, Ltd., Montreal, Que., Canada.

Zurek, Emil, M.C., Dr.-Ing., M.l.Mech.E., Managing
Director and Development Engineer, John Yuille (Metal
Works) Ltd., Hillington Estate, Glasgow, S.W.2.

AslJunior Member

Lenhart, Robert Eugene, B.Met.E., Research Assistant,
Metallurgy Department, Research Laboratory, General
Electric Company, Schenectady', N.Y., U.S.A.

As Student Members

cuff, Frank B., Jr., B.Met.E., Postgraduate Student of
Metallurgy, Massachusetts Institute of Technology,
Cambridge 39, Mass., U.S.A.

Edmondson, Bryan, B.Sc., Postgraduate Student of Metal-
lurgy', University of Birmingham.

Evans, John L., Student of Metallurgy, University of
Sheffield.

Howltett, Brian Wilfred, B.Sc., Postgraduate Student of
Metallurgy', University of Birmingham.

M assalski, Tadeusz Bronislaw, B.Sc., Postgraduate Student
of Metallurgy, University of Birmingham.

Sheikh, A. M., M.Sc., 10 Macoma Terrace,
Common, London, S.E.18.

W erner, Fred Eugene, Jr., S.B., Instructor and Graduate
Student, Metallurgy Department, Massachusetts Institute
of Technology, Cambridge 39, Mass., U.S.A.

Plumstcad
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PERSONAL NOTES

M r.J. N. Auld has returned to Australia, where he will be
working at the Defence Research Laboratories, Maribyrnong,
Victoria.

Mr. J. E. Chard has resigned from the Royal Naval
Scientific Service to take up an appointment at the Canadian
Armament Research and Development Establishment at
Valcartier, Quebec.

Mr.E. S. Cornwall has been appointed General Manager
and Chief Engineer of the Southern Electric Authority of
Queensland, Brisbane, Australia.

Mr.J. F. Ewing, has taken a post in the Research Depart-
ment of The Babcock and Wilcox Company, Tubular
Products Division, Beaver Falls, Pa., U.S.A.

Dr. P. T. Gitbert has received the 1953 Francis Mills
Turner Award of the Electrochemical Society' for a paper on
“ The Nature of Zinc Corrosion Products ”.

Mr. W. L. Halr lias resigned his position as Chief Liaison
Officer to the British Non-Ferrous Metals Research Association
in order to become General Manager to General Galvanizers,
Ltd., Wolverhampton.

Mr.R. D. Hamer, Vice-President and Director of Alumin-
ium Laboratories, Ltd., has been elected President of the
Aluminium Development Association for the y'ear 1953-54.

Mr. T. B. V. Hirst has been appointed Chairman and
Managing Director of Tckon, Ltd., 17 Broadstonc Place,
Dorset Street, London, W .i.

Dr. BOrge Lunn has been appointed Assistant Technical
'‘Director of the Nordiskc Kabel- og Traadfabrikcr (Northern
Cable and Wire Works), Copenhagen.

Mr. E. C. Mantie has been appointed Chief Liaison
Officer to the British Non-Ferrous Metals Research Association,
in succession to Mr. W. L. Hall.

Mr. B. Podezaski has been appointed Managing Director
of the steelworks Crisoldinie E.N., Quilmes, Province of
Buenos Aires, Argentina.

Mr. M. L. Samways has taken up an appointment as
Development Engineer with The Dowsctt Engineering and
Construction Co., Tallington, Stamford, Lincs.

Mr. B. N. H. Thornely, Chief Engineer to the Northern
Aluminium Co., Ltd., has been appointed a Director of the
Company.

Deaths
The Editor regrets to announce the deaths o f:

Mr. William W aterhouse Gibbins, M.A., Chairman of
The Birmingham Battery and Metal Company', Ltd., Sclly
Oak, Birmingham, on 5 May 1953. He was an Original
Member of the Institute.

Sir Thomas Kirke Rose, D.Sc.,, A.R.S.M., on 10 May 1953.
Sir Thomas served as a Member of Council of the Institute
from 1914 to 1916, and as a Vice-President from 1916 to
1927. He joined the Royal Mint in 1890, was appointed
Chemist and Assayer in 1902, and retired in 1926. He was
87 years of age.

OBITUARY

Mr. G. B. Harris

Geoffrey Bastion Harris, who died on 8 March as the result
of a road accident, was educated at Redruth County School.
He obtained an Exhibition at St. Catharine’s College, Cam-
bridge, and was placed in Class | in Tripos Part I, and Class Il
in Part Il in Physics. On leaving the University in 1946, he
was appointed an Experimental Officer in the National
Physical Laboratory, and within a y'ear was promoted to the
Scientific Officer Grade. He worked in the Metallurgy
Division, almost exclusively' on the metallography of uranium
alloys, and made valuable observations on dimensional changes
in relation to orientation textures in uranium. He also
worked on preferred orientation in uranium, and published
a paper on this subject in 1952. In 1950 he obtained a
B.I.S.R.A. Bursary for work at Oxford on the freezing and
melting points of iron alloys, and 0Ollc paper is to appear
shortly in theJournal of the Iron and Steel Institute.

Mr. Harris was a man of exceptional ability, a brilliant
designer of apparatus, and a constant source of help to his
colleagues at Oxford. His linguistic powers were con-
siderable, and he could read French, German, and Russian
with case. His work on the thermal analysis of iron alloys
is probably' the most accurate which has yet been carried out,
and his tragic death means the loss ofone ofthe most promising
of the younger generation of metal physicists.

W. H.-R.

JOINT ACTIVITIES

Capper Pass Awards

The Capper Pass Awards Adjudicating Committee, on
behalf of the Councils of the Institution of Mining and
Metallurgy and the Institute of Metals, have made the follow-
ing awards for papers published in 1952 in the Transactions
of the Institution oj Mining and Metallurgy and the Journal oj the
Institute oj Metals.

(i) Fifty Pounds to Mr. Edwin Davis, M.Sc., F.I.LM.,
and Mr. S. G. Temple, M.Sc., A.l.M., for their paper
on “ Batch and Continuous Annealing of Copper and
Copper Alloys” (J. Inst. Metals, 1951-52, 80, 287-296).

(ii) Fifty Pounds to Mr. C. P. Paton, B.Eng., for
his paper 011 “ Batch Thermal Treatment of Light
Alloys ” (J. Inst. Metals, 1951-52, 80, 311-322).

(iii) Fifty Pounds to Dr. E. C. Ellwood, F.I.M., and
Mr. T. A. Henderson, B.Sc., for their paper on “ Some
Exploratory' Experiments on the Formation and Control
of Magnetite During Copper-Smelting Operations ”
(Trans. Inst. Min. Met., 1952, 62, 55-65).

(iv) Fifty Pounds to Mr. P. M. J. Gray, B.Sc,
A.R.S.M., for his paper 011 “ The Production of Pure
Cerium Metal by Electrolytic and Tlicrmal-Rcduction
Processes” (Trans. Inst. Min. Met., 1952, 61, 141-170).

(v) Twenty'-Five Pounds to Mr. E. A. Hontoir,
B.Sc., A.ILM., for his paper on “ Determination of
Sulphur in Iron Pyrites ” (Trans. Inst. Min. Met., 1952,
62, 95-107)-

Terms of Capper Pass Awards

The Capper Pass Awards, which are made annually from
asum of£200 placed each y'ear at the disposal of the Councils
of the Institution of Mining and Metallurgy' and of the
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Institute of Metals, by the Directors of Capper Pass and Son,
Ltd., Bristol, are intended to encourage the publication of
papers in the Transactions of the Institution of Mining and
Metallurgy and in the Journal of the Institute of Metals on
processes and plant used in extraction metallurgy and on the
subject of assaying and of papers on processes and plant used
in all branches of the non-ferrous metal industry.

Provided that the Adjudicating Committee is satisfied that
the quality and numbers of papers submitted, of the types
for which the awards arc made, reach a suitable standard:

(u) jE£ioo per annum is available for one or more
awards to authors of papers on some aspect of non-
ferrous extraction metallurgy, including assaying ;

(h) Jioo per annum is available for one or more
awards to the authors of papers relating to some pro-
cesses or plant used in the extraction or fabrication of
non-ferrous metals.

The Adjudicating Committee meets annually to consider,
on behalf of the two societies, papers published during the
past calendar year in the two journals referred to above. It
may, at its discretion, make no award or awards of less than
the money available, if, in its opinion, the quality or number
of papers submitted in any year fails to reach a suitable
standard. Any sums not awarded will be carried forward
to future years.

The Councils of the Institution of Mining and Metallurgy
and of the Institute of Metals hope that the generous offer
made by Messrs. Capper Pass and Son, Ltd., will stimulate
the writing of many papers of the types for which the awards
arc to be made. Papers on extraction metallurgy should
preferably be submitted to the Institution of Mining and
Metallurgy, while those on processes and plant used in the
fabrication of non-ferrous metals should preferably be offered
to the Institute of Metals. Both societies are prepared to
accept papers from non-members.

Authors should note that applications should not be
addressed to the Adjudicating Committee requesting that
their papers should be considered for the Award ofa Premium.
All papers published by both societies will be examined by
the Committee annually, and notices of the Awards will be
published in the journals of the two societies and in the Press.

NEWS OF KINDRED SOCIETIES

Australian Institute of Metals:

Wire Drawing

Symposium on

The Physical Metallurgy Division of the Melbourne
Branch of the Australian Institute of Metals has arranged for
a Symposium on the “ Theory and Practice of Wire Drawing ”
to be held in Melbourne on 13 November diis year. Seven
papers (listed below) have been contributed by Australian
and English authors; the papers include original work as
well as reviews. They will be preprinted in booklet form,
and the meeting in November devoted to discussion; it is
hoped that the preprints will be available in time for copies
to be sent by air to anyone outside Australia who is interested
in contributing to the discussion, which will be printed
subsequently. Copies of the preprints and discussion may
be ordered from the Hon. Secretary, R. C. Gifkins, Baillieu
Laboratory, University of Melbourne, Carlton, N.3, Victoria,
Australia. The provisional price in sterling for the preprints
is 15s. (including postage by air) or 12s. (surface mail); the

discussion, which will be available in 1954, will probably
cost an extra 2s. (stg.). Cheques or money orders should be
made payable to “ The Australian Institute of Metals .

The titles and authors of the papers are as follows :

“ Core Wire for the Production of Extruded Metal

Arc-Welding Electrodes ”, by Dr. W. I. Pumphrcy.
Some Researches 011 Wire Drawing ”, by Professor

F. C. Thompson.

“ Researches Concerning Wire-Drawing Dies”, by
J. G. Wistrcich.

“The Problem of Rod Diameter ”, by C. Blazey and
V. W. Benjamin.

“ Tcmperaturc-Lubrication Relations for the Surface
of Copper During Wire Drawing ”, by J. S. Hoggan.

“The Effect of the Surface Temperature Attained
During Drawing on the Tensile Strength of Copper
Wire 7, by S. Z. M. Kopczynski and J. S. Hoggart.

“ Australian Developments in Drawn, Galvanized
Rope Wires ”, by F. W. Welshman and C. James.

OTHER NEWS
Postgraduate School in Physical Metallurgy

In view of the need of the metallurgical industries for more
men with advanced scientific training, the University of
Sheffield has established a Post-Graduate School in Physical
Metallurgy' to provide special tuition in this branch of science.

Applications for admission to courses arc invited from:

(a) scientists already in industry, holding a degree or
equivalent qualification, who have had at least three years’
experience and wish to pursue more advanced studies in
physical metallurgy:

(h) recent graduates in physics, chemistry, or engineer-
ing who wish to pursue a metallurgical career.

In certain circumstances applications will also be accepted
from recent graduates in metallurgy with little or 110 industrial
experience.

Courses will embrace all aspects of physical metallurgy'.
Primary consideration will be given to fundamental principles,
but every effort will be made to relate these to industrial
practice where possible. Courses will be planned to meet the
needs of the students enrolled, and will normally be of one
or two years’ duration. In general, the first-year course will
be primarily for non-metallurgists, and lectures, together with
courses of practical work, will provide a sound metallurgical
background.

The second-year course is intended both for those who
have completed the first y'ear and for metallurgists returning
from industry. Formal lectures will be largely replaced by
study groups and colloquia in which recent developments
in phy'sical metallurgy will be critically reviewed. A large
part of the time will be devoted to advanced practical work
designed to promote further discussion on selected topics.

Preference will be given to men sponsored by their em-
ployers, but a number of senior awards are available for
independent candidates each y'ear. The fee for a full-time
Postgraduate course of study is £50 per annum.

The 1953-54 session will be divided into five courses, each
of five weeks’ duration, as follows :

Oct. 5-NOV. 7.

Nov. 9-Dec. 12.
Jan. 11-Feb. 13.

Course I—Metallurgical Techniques.
Course Il—Deformation of Metals.
Course Ill—Solidification of Metals.
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Feb. 15-March 20.
Heat-trearmcent.

April 26-May 29. Course V—Theory of Alloy Steels.
Enquiries may be addressed to the Professor of Physical
Metallurgy, The University, St. George’s Square, Sheffield, 1.

Course IV—Physical Metallurgy of

APPOINTMENTS VACANT

METALLURGIST. ImperialChemical Industries, Ltd., Billingham
Division, has a vacancy for a research metallurgist. Candidates should
be between the ages of 23 and 35, and have a good Honours degree
in metallurgy with post-graduate experience in research or productive
industry. The work is in the field of physical metallurgy, and the
post gives scope for carrying out complete investigations of very
varied character. Adequate technical assistance and equipment will

be provided. Publication of results will be encouraged. Worite,
giving full details, to the Staff Manager, Imperial Chemical Industries,
Ltd., Hlillingham Division, Billingham, Co. Durham, quoting ref.
110. A.3.

QUALIFIED ANALYTICAL CHEMISTS required for Assay
Laboratory of the Northern Rhodesian Copper Mine. Starting basic
salary £68 per month plus fluctuating cost of living allowance, now
about ¢7 per month. Life assurance and contributory pension
scheme. Cash bonus scheme which at present rate is equal to 65%
of basic salary. Outward passage paid. Apply giving full details of
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age, marital status, qualifications, and experience to Box 196, Dorland
Advertising, 18/20 Regent Street, London, S.W .i.

U niversity or Birmingham
Department of Industrial Metallurgy

Applications arc invited for the position of Investigator to carry
out research on : Elastic Properties of Spring Materials. The salary
will be in the range (300 to _£6°0 per annum, depending upon
qualifications and experience. Candidates should possess a degree
in Metallurgy, Physics, or Engineering or equivalent qualification.
The research will be appropriate for a candidate for a higher degree.

Applications should be submitted as soon as possible to : The
Registrar, The University, Birmingham, 15.
C. G. Burton,
Secretary.

U niversity of Q ueensland

Applications are invited for the position of Lecturer (grade IlI) in
Physical Metallurgy. Salary ¢ A 971 10J./X A1096 10s. p.a.

Applicants must hold a degree, preferably with honours cither in
science with metallurgy as a major subject or in metallurgical engineer-
ing. Some applied or research experience in physical metallurgy is
desirable. Further particulars and application forms are obtainable
from the Secretary, Association of Universities of the British Com-
monwealth, 5 Gordon Square, London,W .C.i. Applications should
be sent to the undersigned as soon as possible after the appearance of
this advertisement.

C. Pace H anify,
Registrar.
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A Chinese puzzle consist-
ing ofdisc and cords on a
frame, the problem being
to change the position of
the discs on the cords.

It’s easy when
you know the answer

Experience is a great aid to the solution of any problem,
including the metallurgical problem. In the Mond Develop-
ment & Research Department there are metallurgists who
collectively have a very wide experience in the use, manu-
facture and working of nickel and its many alloys. This
experience is at your disposal.

Recommendations can be made on the most suitable material
for a particular job, and tests carried out to determine or
check the behaviour of any nickel alloy. The painstakingwork
of developing even better alloys goes on all the time. Already
this research has led to major engineering developments.
You are invited to make full use of Mond services designed
to help you get the best results from nickel.

COMPANY LIMITED, SUNDERLAND HOUSE, CURZON ST., LONDON, W.I

July, 1953
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Let Wiggin keep an(eye) on It...

800 °C
|
r 750°C
|
700°C
650°C
The selection of the best materials for use at high temperatures is a problem
. Wiggin
for the expert. That is where we can help. We have research data and High-Temperature
service results covering the use of a wide range of materials in various Materials
operating conditions. Amongst this wealth of technical information we may INCONEL *
NIMONIC* 75
already have the solution to your own high-temperature problem. NIMONIC F
The chances are that one of our high-nickel alloys will best meet your Zlﬁﬁﬁl‘é ZSA
- NIMONIC 90
requirements — but ask us before you go ahead. NIMONIG o5
NIMONIC DS

Useful technical data on our high-temperature materials
is contained in our publications. May we sendyou copies ?

FOR GOLD FACTS ON HOT

* Registered Trademark
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HYDROGEN BLISTERS

IN BRASS SHEET*

By R. EBORALL.f MA, Member, and A J. SWAIN,% M.A,

Member

(Communication from the British Non-Ferrous Metals Research Association.)

SYNOPSIS

Blisters appearing near the centre plane of brass sheet were attributed to hydrogen collecting
and persisting in central voids of the cast slab, so that these voids did not weld up during rolling;
expansion of the compressed hydrogen on annealing the brass after it had been reduced to thin
sheet and so was unable to withstand the stresses produced, caused the appearance of blisters. It
was found that hydrogen was lost during annealing, and an effective remedy was developed based

on this observation and on a proposed mechanism of blistering.

Approximate measurements of

the solubility of hydrogen in solid 2:1 brass gave values somewhat lower than the published

values for copper.

I.—INTRODUCTION

The work described in the present paper was under-
taken to ascertain the causes of a very severe and
persistent case of blistering in 2: 1 and 70 : 30 brass
sheet. The sheet was made from chill-cast ingots by
breaking down hot and subsequently rolling cold,
after surfacing, with intermediate anneals. Con-
siderable amounts of cross-rolling were involved.
The blisters first appeared after annealing when the
sheets were from about £ in. thick to about 18 gauge,
depending on the thickness of the original ingot, and
were all on or near the centre plane of the sheet.

Preliminary experiments, in which blisters were
drilled in vacuo and the released gas measured and
analysed, showed the gas to consist entirely of
hydrogen. The calculated volume of one blister was
approximately 30 mm.3, and the quantity of hydrogen
obtained from it was 15-6 mm.3at N.T.P. Thus the
hydrogen exerted a pressure of approximately h
atmosphere in the blister at room temperature, or
about 1| atmospheres at the annealing temperature
(550° C.). The surface of the metal inside the
blisters was completely clean.

The fact that the gas extracted from the blisters
was pure hydrogen indicated that the blisters did not
arise from mechanically entrapped bubbles of gas
injected into the solidifying ingot during pouring—
a generally accepted and well-established cause of
surface blistering in cross-rolled brass sheetl—and
experiments were accordingly planned to determine
whether the blisters were formed by another
mechanism, which is generally accepted for some
other metals. A brief outline of this mechanism is
given and the experimental work and remedial
measures and their successful application in practice
are described.

* Manuscript received 19 February 1953. The work
described in this paper -was made available to members of the
B.N.F.M.R.A. in a confidential Technical Memorandum issued
in November 1949.

I.—MECHANISM OF BLISTER FORMATION

The established mechanism of blister formation in
metals as a result of the presence of dissolved gas
(see, for instance, Edwards2 on pickling steel) may
be summarized briefly as follows. A dissolved gas
exists in solution in a metal in the atomic or ionic
state, and is frequently present in excess of the
equilibrium solid solubility at atmospheric pressure
and at the temperature of heat-treatment. This
dissolved gas may be present in the ingot as cast, and
in some circumstances the quantity may be increased
by surface reactions, e.g. during pickling or during
heat-treatment in an unsuitable atmosphere. In
many cases the dissolved gas atoms are practically
immobile at room temperature, but at elevated
temperatures they become free to diffuse through the
metal; this would be expected in the case of copper-
base alloys. When they are sufficiently mobile, the
dissolved gas atoms associate to form molecules at
the free surface of the metal, these are evolved into
the atmosphere, and the concentration of dissolved
gas just below the surface tends towards the value in
equilibrium with the partial pressure of the particular
gas in the atmosphere. At any internal cavity or
discontinuity, gas atoms similarly associate and are
released into the cavity; here, however, the gas is
not free to escape, and so a gas pressure is built up
in the cavity, until equilibrium is reached with the
dissolved gas which is present around the cavity.
Since the solubility of a diatomic gas such as hydrogen
is proportional to the square root of the pressure,
it is evident that large pressures may be developed in
the cavity; for instance, if the gas is present at a
concentration of 10 times the equilibrium value at
atmospheric pressure (a not unusual occurrence), a
pressure of 100 atmospheres may be developed.

f Head of tho General Metallurgy Section, British Non-
Ferrous Metals Research Association, London.

J Aluminium Wire and Cable Co., Ltd., Swansea; formerly
Investigator, British Non-Ferrous Metals Research Association.
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Heating the metal to sufficiently high temperatures
will result in diffusion over longer distances, and the
concentration of dissolved gas throughout the metal
will tend towards the value in equilibrium with the
external atmosphere; this value may be greater or
less than the original concentration. Although large
pressures may frequently be developed, it is unlikely
that a blister will form unless either the metal is very
weak, e.g. partially molten, or the cavity is par-
ticularly suitable. It is evident that an extensive
flat discontinuity parallel to the surface and only a
short distance below it is the most conducive to
blister formation, while a small spherical hole at a
great depth can only be enlarged by a very great
pressure.

The prerequisites for the formation of gas blisters,
therefore, are: (a) The presence of gas in the metal
in quantities substantially exceeding the solubility at
the temperature concerned and at atmospheric
pressure. (6) The presence of suitable discontinuities,
the most favourable to blistering being discon-
tinuities of large length and breadth in a plane parallel
to the surface and lying a little below it.

In the present instance the cavities concerned were
near the central plane of the sheet, and it can readily
be seen that the disposition of the cavities becomes
more favourable to blistering as the sheet becomes
thinner, for the lateral dimensions of any cavities
initially present are progressively enlarged and the
distance below the surface is reduced. It is evident,
too, that strip rolling should give a product less liable
to this type of trouble, for by this method the cavities
are simply extended in one direction and the bridge
of metal over .them is therefore short and well
supported.

To understand the blistering occurring in this
instance, it is necessary to know (a) the source of
hydrogen and the way in which the hydrogen content
varies in processing, and (6) the origin of the cavities.

I11.—GAS CONTENT OF CAST AND
WROUGHT BRASSES

1. Occurrence of Cavities

The ingots, which were normally about 3 ft. long
and 1£ in. thick, were chill cast in vertical cast-iron
moulds which were coated with a mixture of lard oil
and resin that volatilized during pouring and burned
at the mouth of the mould. Pouring was done
through a tundish with a number of holes and was
completed in 10-15 sec.

Examination of an ingot showed it to be sub-
stantially sound apart from some centre-line shrinkage.
It is improbable that a much sounder product could
be obtained by altering the casting conditions, unless
the thickness ofthe ingot were increased. The amount
of central shrinkage, although not large, appeared to
be sufficient to explain the occurrence of centre-line
blisters during fabrication, provided that sufficient
hydrogen was present.

Hydrogen Blisters in Brass Sheet

2. Hydrogen Content of the Metal

The hydrogen present in the metal might have
come from one or more of several sources. The most
obvious possibilities were:

(i) Raw materials and scrap used for the furnace
charge. These might introduce hydrogen into the
molten metal.

(ii) Melting furnace atmosphere. Hydrogen might
be absorbed from moisture and/or other hydrogen-
containing gases, although the high vapour pressure
of zinc in the molten brass would minimize such
absorption.

(iii) Mould atmosphere. Hydrogen might be intro-
duced during casting from the cracking of hydro-
carbons from the volatile dressing or from the
decomposition of steam by the zinc.

(iv) Preheating furnace atmosphere. The ingots
were preheated for rolling in a coal-fired furnace in
which the flue gases formed the furnace atmosphere.
There appeared to be a possibility that a reaction
of the type

(Zn)in brass A HoO”rapour) H2 yAlle}

could occur and that some of this hydrogen might be
forced into the metal, as it is when the analogous
reaction occurs with aluminium-magnesium alloys.
It is unlikely that hydrogen itself would be present in
the atmosphere in any large quantity.

(v) Annealing furnace atmosphere. Intermediate
anneals during cold rolling were done in air in an
electric muffle furnace, and it was thought unlikely
that gas was absorbed at this stage.

Accordingly, samples were taken from typical
products and examined for hydrogen content with the
results shown in Table 1.

Table |l.—Hydrogen Contents of 2:1 Brass Samples
Taken at Random at Various Stages of Production.

Hydrogen Content,

Stage in Production 0.C. at N.T.PI00 g.

Ingot 0-36, 0-34
[a) Normal Hot- and Cold-Rolling Schedule :
Hot-rolled plate (f or & in.) 0-24
0-068 in. sheet . . . 0-06*
0-041 in. sheet 0-06*
(6) Cold-Rolled from Ingot :
A >nplate (annealed at -ft in.) 0-12
4 in. sheet (annealed again at ft in.) 0-02 t
20 S.W.G. sheet (0-036 in.) 0-04 t
" " " (annealed) 0-08 t

* From sound parts of sheets.

f There is a blank error (not allowed for) probably associated
with the surface of the sample, and this will bo proportionately
greater for thin samples. The higher figures obtained on 20-
S.W.G. sheet compared with ¢-in. sheet may, therefore, not
represent a real increase in hydrogen content.

In a further experiment a 2 :1 brass ingot was cut
in half and one half hot rolled. Samples taken from
the ingot and from the equivalent position in the
hot-rolled plate gave gas contents of 0-29 and 0-14
c.c./lOO g., respectively.
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A small sample of a 70 : 30 brass melt was poured
on to a copper block free from mould coating, and
another sample was taken from an ingot cast from
this melt in the usual way. The corresponding gas
contents were 0-13 and 044 c.c/IOO g., which may
indicate absorption of gas during casting, although
some gas may have escaped from the thin sample
poured on to the copper block.

The results show that the metal as cast has a
considerable hydrogen content, and that hydrogen is
lost in both the preheating and the annealing furnaces.

The mechanism postulated for the blistering in this
case is, therefore, that during preheating for hot
rolling some of the hydrogen present in the ingot
diffuses to the shrinkage cavities and develops a
large pressure of gaseous hydrogen in them. On hot
rolling the cavities are closed up to some extent, but
complete welding up is prevented by the compressed
hydrogen. These flattened-out cavities remain in
existence during the subsequent cold rolling until
the sheet becomes thin enough to allow the gas
pressure to expand the cavities to a visible extent
when the metal softens during annealing.

IV.—REMEDIAL MEASURES AND THEIR
PRACTICAL APPLICATION

The foregoing measurements show that hydrogen
is removed by annealing. Experiments were done to
see how rapidly this removal occurred and to what
extent it was limited by atmospheric conditions.

Samples approximately 1 X f X J in., from the
ingot and hot-rolled plate ((a) of Table I) were heated
to 800° C. for 1 hr. in a silica-tube furnace in dry
air and in a steam/air mixture (very roughly equal
quantities of each). The hydrogen contents after
treatment were as shown in Table I1.

Table |lI.—Effect of Annealing Atmosphere on
Gas Content of 2:1 Brass.

Hydrogen Content, c.c. at N.T.P./100 g.

Sample After HeatiDg to 800° C.
« for1Hr.
Initially
In Dry Air In Steam/Air
Ingot 0-29 001 0-01
Hot-rolled plato. 0-14 0-02 002

A subsequent test on samples from which the gas
had been extracted in vacuo showed that the blank
was of this order of magnitude, so that the true
hydrogen content after treatment was effectively
zero.

Samples of the same size, taken from the hot-rolled
plate, were given shorter treatments in dry air at
600° and 800° C. and the loss of hydrogen followed,
with the results shown in Table I11.

The hydrogen content of a ¢-in.-thick piece is thus
reduced to a very low value after \ hr. at 800° C. or

Hydrogen Blisters in. Brass Sheet
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1 hr. at 600° C. Corresponding times for other
thicknesses may be obtained by multiplying by the
square of the thickness ratio; thus for x in. thick at
600° C. the time would be 16a:2 hr., and at 800° C.
it would be 4a2 hr.

Table Ill—Removal of Hydrogen by Annealing.

Hydrogen Content, e.c. at N.T.P./100 g.

Time, hr.
800° 0. 600° C.
0-01 0-12
i 0-01 0-04
1 0-01 0-02
n 0-02

These results suggest a possible remedy for blistering.
The hydrogen can be almost completely removed by
annealing at such a stage that: (a) the cavities are
substantially flattened out at the start of annealing,
so as not to provide a reservoir for the gas, (b) the
metal is thick enough to withstand the very large
pressures developed in the flattened cavities at the
start of annealing, and (c) the metal is not so thick
that the required combination of time and tem-
perature is impracticable.

On this basis a remedy was proposed, consisting
of returning the hot-rolled plates (7/16 in. thick) to
the preheating furnace (700°-800° C.) for 2 hr.

Samples were taken of the products at different
stages from two ingots of the same batch, one of which
was given the normal processing and the other given
the extra furnace treatment. The hot-rolled plate
had a hydrogen content of 0-39 c.c. at N.T.P./100 g.
compared with 0-02 c.c. at N.T.P./100 g. for the similar
plate after the extra furnace treatment.

Production trials showed that the remedy was
completely effective. A large-scale test was carried
out in which a batch of 100 ingots, cast four per melt,
was halved, two ingots per melt being in each half-
batch. One half-batch was processed by the usual
hot- and cold-rolling schedule, and the sheet produced
proved to be even more severely blistered than
usual, 90% of the sheets being rejected because
of this defect. The other half-batch was given the
extra heat-treatment of 2 hr. in the preheating
furnace at about 800° C., and none of the sheets
produced was rejected for blistering.

V.—SOLUBILITY OF HYDROGEN IN
2 : 1 BRASS

1. Experimental Methods

The method used was to soak sound, gas-free metal
in hydrogen, quench it, and subsequently measure
the gas content in the usual way. The hot-rolled
plate (with initially 0-14 c.c. hydrogen at N.T.P./100
g.) described above was used for all experiments.
Pieces of the plate were degassed by heating in dry
air at 800° C. for \ hr. The oxide scale was removed
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by filing. The pieces were then hammered to close
any internal discontinuities, the thickness being
reduced by about 25% in this operation. Samples of
the plate so prepared were heated in dry hydrogen at
various temperatures, in most cases for more than
one period in order to check the degree of saturation,
and were quenched into molten lead and then into
iced water. After removal of the zinc-impoverished
layer (about 1 mm. was removed from each surface
after soaking at the highesttemperature), the hydrogen
content was estimated by vacuum extraction in the
usual way.

2. Results

The results of the solubility measurements are
given in Table IV, and values derived from these are

Table I'Y.—Results of Solubility Measurements
on 2 : 1 Brass.

Mean K, Content,

Duration of H, H, Content, c.c. at

Temperature, °C. Soak, hr. H.T.P./100 g. c.c. %(’)\"QT'F"
875 2i o-38° }  0-347
850 0-095

3 0-081 } 008s
2 0-080
0-091
800 . 0-005 0-087
0-083
0-062
750 3 0-065 0-063
4 0-063
0-050
51
0-052
700 0085 0-049
61 0-049
0-021
0-021
650 o018 0-019
0-017
4 0-015
600 0-025 0-032
71 0-040

* Ignored, since saturation may not have been reached.

plotted logarithmically against the reciprocal of the
temperature in Fig. 1. The line drawn represents
the best straight line for the points relating to alloys
free from p phase (i.e. excluding the highest
temperature).

Values for the solubility at 100° C. intervals in the
range 500°-800° C., obtained from the best straight
line of Fig. 1are given in Table V. No great accuracy

Table V.—Solubility of Hydrogen in 2:1 Brass.

Temperature, °0. Solubility, CC. at X.T.P./100 g.

800 0-076
700 0-044
600 0-023
500 0010

Hydrogen Blisters in Brass Sheet

IT X 104(r. ®K)

Fig. 1.—Solubility of Hydrogen in 2 : 1 Brass.

is claimed for these values, which are certainly liable
to errors of up to ¢0-01 c.c./100 g. at the higher
temperatures. They suffice, however, to indicate
that the explanation of blistering put forward above
is not based upon false assumptions. The results are
substantially lower than those given by Sieverts and
Krumbhaar 3and by Réntgen and Méller for copper.4

The two measurements at 875° C., at which tem-
perature some 3 phase is present, appear to indicate
that the solubility in the 8 phase may be considerably
higher.

VI.—CONCLUSIONS

1. A form of centre-plane blistering in «-brass
sheet has been shown to be due to hydrogen.

2. The hydrogen is present in the cast billet and
is to some extent reduced at every anneal, even in a
burnt-coal atmosphere.

3. The blistering can be eliminated by allowing
the hydrogen to diffuse away under suitable conditions.

4. Hydrogen has a fair solubility in «-brass, though
it is somewhat less than the published values for
copper.

5. Hydrogen diffuses fairly rapidly in «-brass at
600° C. and above.
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SYNOPSIS

Straining and annealing treatments have been applied to super-purity and commercial-purity
aluminium and to four aluminium alloys, to test their behaviour against a set of empirical rules
describing the effects of strain, annealing temperature, and initial grain-size on the critical strains

and final grain-sizes.

The final grain-size of the recrystallized material was found, for a given

composition, to depend strongly on the strain and in most cases comparatively little on the
annealing temperature and initial grain-size, although the latter had a definite effect, especially

in super-purity aluminium.

Owing to the strength of this effect in super-purity aluminium, the

maximum grain-size which could be produced by annealing at a given temperature was generally

increased by coarsening the initial grain-size, although for other

normally true.

I.—INTRODUCTION

The experiments described in the present paper were
designed to test the recrystallization behaviour of
aluminium and some of its commercial alloys, with
particular reference to critical strains and the coarse
grain-sizes associated with them and to the effect of
original grain-size. Published literature on this
subject indicates that the grain-sizes produced by
recrystallization during annealing can be described
to a fair approximation in terms of the following
general empirical rules :

(@ When a metal is cold worked and then
annealed, the as-recrystallized grain-size de-
creases as the amount of deformation before
annealing is increased, and is substantially
independent of the annealing temperature.

(b) With a given annealing treatment, there is
a critical strain below which complete recrystal-
lization does not occur. This critical strain
gives rise to the largest grains after annealing.

(© The critical strain is higher, the lower the
annealing temperature.

(d) For a given annealing temperature, the
critical strain is higher, the larger the initial
grain-size of the material and, because the
recrystallized grain-size is mainly dependent on
the strain, the maximum grain-size which can be
produced by the given annealing treatment is
smaller for initially coarse material than for
fine-grained material.

The first three rules, and particularly (6) and (c),
have been widely appreciated, and are derived from
very early work, especially that of Chappelll and of

* Manuscript received 10 September 1952. The work
described in this paper was made available to members of the
B.N.F.M.R.A. in a confidential research report issued in
January 1951.

materials the reverse was

Carpenter and Elam.2 Rule (d) is not so well known,
but reference may be made to the work of Matthaes
and Schroeder on Duralumin-type alloys3 and that
of Gries and Esser on Ron.4 Anderson and Mehl5
found that coarse-grained aluminium had both a
slower rate of nucléation for new grains and a slower
rate of grain growth under given conditions, than had
a fine-grained material, and this would lead to a
similar result.

The validity of these rules, as applied to aluminium
and several of its alloys, has been tested, and the
quantitative results are reported in the following
sections. The rules take no account of any changes,
such as coalescence and secondary recrystallization,
which may in some metals take place after recrystal-
lization during prolonged annealing or annealing at
g high temperature.

I.—MATERIALS

The materials were all supplied by the courtesy of
a member firm in the form of cold-rolled sheet of
various tempers, and 0-064 in. thick. The analyses
of these materials are given in Table I.

I11.—EXPERIMENTAL PROCEDURE

1. Production of Materials with Various

Initial Grain-Sizes

For allthe materials, except super-purity aluminium,
a range of initial grain-sizes was obtained by annealing
batches of different tempers at suitable temperatures.
In several cases where the as-received materials did
not yield a sufficient range of grain-sizes on annealing,

f Investigator, British Non-Ferrous Metals Research
Association, London.
f Head of the General Metallurgy Section, British Non-

Ferrous Metals Research Association, London.
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Table |.—Analyses of Alloys Examined.

Material Fe, % Si, % Cu, % Mn, % Ti, % Zn, % Mg, % Ni, % Pb, %
S.p. Al 0-004 *  <0-002* <0-001* <0-001 <0-002t <0-011 <0-01 <0-011  <0-0021
Cc.p. Al 0-45 0-16 0-02 0-01 0-01 <0-01t <0-01 <0-011  <0-002't
2% Mg alloy 0-34 0-22 0-02 0-49. ~0-01 0-01 2-1*  <0-011  <0-0021
1% Mg, 1% Si alloy . 0-4 098*  ~0-01 —0-02 <0-01 <0-011 0-90* <0-01f  <0-0021
Duralumin-type alloy. 0-35 0-73 * 4-78* 0-73 * <0-01 <0-01t 0-43* <0-01t <0-0021
11% Mn alloy 0-59 0-21 0-12 1-14*  <0-01 <0-011 0-008  <0-01't ~0-002

* Chemically determined, remainder spectrographically.

they were annealed, rolled to a suitable reduction,
or stretched by a suitable amount in a tensile
machine, and then re-annealed to obtain the desired
grain-size. As far as possible, the same annealing
temperature was used throughout for any one alloy.
Details of these treatments are given later.

In . super-purity aluminium coalescence occurs
readily at temperatures above 300° C., and specimens
of the as-received material were accordingly annealed
at various temperatures from 300° to 500° C. to
produce various degrees of coalescence.

Using such methods, fully-annealed specimens of
various initial grain-sizes were obtained with each
material. For each diiferent working and annealing
treatment, an X-ray back-reflection photograph was
taken to confirm that recrystallization was complete.
This was followed by a metallographic examination
of the grain structure. Except in the case of the
Duralumin-type alloy (which was hand-polished at
the final stage), the micro-specimens were elec-
trolytically polished after a preliminary hand-polish
and then anodically or chemically etched.

Grain counts were made with a Vickers projection
microscope fitted with a moving stage and two
vernier scales. The distance traversed when 50
grains passed the cross-wires was measured and used
to give the number of grains/cm. traversed. Between
five and ten separate counts were made in random
directions on the surface of each specimen, and the
reciprocal of the average count was taken as the
grain dia. All grain-sizes were measured on the
etched surface of the sheet.

2. Recrystallization E xperiments

The recrystallization behaviour of super-purity
aluminium, commercial-purity aluminium, 2% mag-
nesium alloy, and the 1% magnesium, 1% silicon
alloy was conveniently studied by using tapered
tensile specimens. Specimens were machined from
the supplied sheet ‘with their length parallel to the
rolling direction, with a gauge-length of 20 cm.,
and a width decreasing from 1 in. at one end to
| in. at the other. These gave a suitable range of
strains when stretched or broken in tension.

Before being annealed to produce a range of initial
grain-sizes, the gauge-length of each specimen was
marked out at intervals of approximately 1 cm.,
the actual intervals being measured to 0-01 mm. with

f Not detected.

a travelling microscope. Batches of the specimens
were then annealed at a temperature appropriate to the
particular alloy to produce several different starting
grain-sizes. These annealing treatments were carried
out in air in a muffle furnace, and details are given
later.

The specimens were stretched in an Avery tensile-
testing machine and each one remeasured with the
travelling microscope to determine the exact strain
at each point along the gauge-length. They were
introduced into a salt bath to recrystallize as soon
after deformation as possible (within a few hours) in
order to minimize any effects on the recrystallization
characteristics due to prior recovery at room tem-
perature. The temperature of the salt bath was
constant to £1° C., and the annealing time in all
cases was 30 min. Several recrystallization tem-
peratures were used for each alloy with each initial
grain-size. On removal from the salt bath, the
specimens were macro-etched in a solution of one
part water, one part conc. HNOa, one part conc.
HC1, and one-sixth part conc. HF by volume.

The grain-size was measured at various points
along the recrystallized portion of the gauge-length
and related to the strain values before recrystalliza-
tion. The critical strain was taken to be the strain
at the junction between the recrystallized and un-
recrystallized parts of the gauge-length, the exact
point being that beyond which none of the original
structure was retained.

A modification to the above sequence of operations
had to be made for the Duralumin-type and the
1J% manganese alloys. The critical strains were too
large to be studied by using tensile specimens, and the
specimens were therefore deformed by rolling, as
follows. Rectangular strips approximately 8 in.
long and 1 in. wide were annealed to obtain the re-
quired initial grain-size, and then “ wedge-rolled ”,
i.e. the rolls were screwed down more one side than
the other and the strip was fed with its length parallel
to the axes of the rolls to give a range of deformation
along the length of the strip. A micrometer measure-
ment of the reduced thickness at any point gave a
direct value of the reduction at that point. The
lateral spread (~1%) was negligible. In this way
a range of strain of 10-75% could be produced on a
single specimen; the typical range necessary was
about 15-50%. Subsequent procedure was then
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similar to that for the tapered tensile specimens, the
rolled pieces being recrystallized at various tern-
peratures for \ hr.

The Duralumin-type and 1J% manganese alloys
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such a series of pictures it was possible to gauge the
point of critical strain with reasonable accuracy
(see X-ray patterns Figs. 13 (a) and (6), Plate LXXIX).
The surface of that part of the specimen where the

TEMPERATURE.® C

Fig.

1.—Grain-Size/Hcat-Treatmcnt Curve for Super-Purity Aluminium Annealed 2£ hr.

at 298°C. + 1 hr. at Various Temperatures.

RECRYSTALII2ATION TEMPERATURE. ° C

Fig.2.—Critieal-Strain/Recrystallization-Temperatnre Curves for Super-Purity Aluminium

with Various Initial Grain-Sizea.

presented a new difficulty in that a macro-etch in
mixed acids was suitable only for the highest tem-
perature of recrystallization used. At other tem-
peratures a micro-etch was necessary in order to
reveal the grain-sizes after recrystallization. The
boundary between the recrystallized and the un-
recrystallized parts of the gauge-length was not
readily detected by micro-examination and, to deter-
mine the point of critical strain, a series of X-ray
back-refiection patterns was taken along the length of
the rolled and partly recrystallized specimen. From

Annealing time 30 min.

critical strain had occurred was then polished and
etched to reveal the grain-size.

IV.—EXPERIMENTAL RESULTS
1. Super-Purity Aluminium

The results obtained with high-purity aluminium
are reported in detail, since they are typical of the
behaviour of all the materials tested. The results
presented later for each individual alloy differ only
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Fig. 3.—Recrystallization Diagrams for Super-Purity Aluminium with Various Grain-Sizes.
was 30 mill, at (a) 400° C., (6) 430° C., (c) 475° C., (d) 500° C.,

numerically from those given for super-purity
aluminium.

As mentioned previously, various initial grain-
sizes were obtained by annealing as-received material
in air at temperatures ranging from 298° to 500° C.
(Fig. 1). Specimens with initial grain-sizes from
0-042 to 0-26 mm. were used in the tests.

Curves relating critical strain with temperature for
various initial grain-sizes are given in Fig. 2. 1t will
be seen that at the lower temperatures the critical
strain is greatly dependent on the original grain-
size, increasing with increasing grain-size. The
dependence on initial grain-size rapidly diminishes,
however, at higher recrystallization temperatures.
For the initially fine-grained specimens the critical
strain is relatively insensitive to the annealing tem-
perature, so that at these higher temperatures it is
almost independent both of the temperature and of
the initial grain-size for the grain-size range studied.

Curves relating original grain-size with final grain-
size for various strains are given in Fig. 3 (a)-(e) for
the five temperatures used, viz. 400°, 450°, 475°, 500°,
and 525° C. To gauge the effect of any coalescence
occurring after recrystallization on the final grain-
sizes initially shown in these curves, a short series of
experiments was made. These consisted of measuring
the grain-size of specimens with initial grain-sizes of
0-28 and 0-5 mm., before and after heat-treatments of
30 min. at temperatures up to 525° C. The results
showed thatthe effectofcoalescenceis negligible for the
grain-sizes and temperatures occurring in the present
experiments, and the results given in Fig. 3 (u)-(e)
should therefore be the true as-recrystallized values.

Each set of curves shows similar characteristics,
and the following generalizations can be made :

(i) For a particular initial
temperature, coarse grain is developed at the

grain-size and
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Heat-treatment
and (e) 525° C.

critical strain, the grain-size then rapidly de-
creasing with greater deformations to a less
rapidly varying value.

(i) Comparison of the curves in Fig. 3
(a)-(e), for specimens with a given initial grain-
size shows that the final grain-size is mainly
determined by the strain before annealing and is
little affected by the temperature of the anneal,
except near the points of critical strain (see also
Fig. 11, Plate LXXIX).

These observations are in accordance with the
general rules set out in Section I. There are other
features of note, however, which are not predicted by
these empirical rules.

(iii) For a constant strain, the resultant
grain-size is finer, the finer the original grain-
size; this effect is particularly noticeable with
initially fine-grained material at small strains.
So marked is this effect in super-pure aluminium
when the initial grain-size is small and when the
annealing temperature is high, that the empirical
rule (d) doesnot in general apply to this material,
the grain-size after critical straining and annealing
in many conditions being larger, the greater the
initial grain-size. However, the rule does apply
when the initial grain-size is large and the anneal-
ing temperature is low (Fig. 3), and, as will be
seen later, it applies to the other materials
examined (Fig. 12, Plate LXXIX) in almost all
the conditions studied.

(iv) For fine-grained super-pure aluminium
(0042 mm. grain-size), the dependence of the
final grain-size on the amount of strain is small,
and the grain-size after critical straining and
annealing is not very much coarser than the
final grain-size resulting from a relatively high
deformation, e.g. 12%.
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2. COMMERCIAL-PURITY ALUMINIUM AND

Aluminium Alloys

The curves relating grain-size with overstrain for
the other materials (except for the Duralumin-type
alloy, for which the information was insufficient to
allow complete curves to be drawn) were all of similar
type to those shown in Fig. 3 (a)-(e). In view of
this similarity, the curves themselves are not repro-
duced; instead the chief features are given in the
form of tables and figures below.

@) Commercial-Purity Aluminium

Table 11 shows the preliminary heat-treatments for
the sheets of different tempers in order to get a suitable
range of initial grain-sizes. The treatments were
carried out in air, in an electric muffle furnace, and
were followed by air cooling.

Table |l.—Preliminary Treatmentsfor Commercial-
Purity Aluminium.

Previous Deformation, Resultant Grain-Size,

Annealing Treatment

% mm.
15 24 hr. at 450° C. 0-6

29 1 r 0-045
45 A~ 1] hr. at 400° C. 0-031
55 J [ 0-023

Fig. 4 shows the curves relating critical overstrain
with temperature for commercial-purity aluminium
of each of the four initial grain-sizes. Though the

RECRVITAUIZATION TEMPERATURE. 8 C
4.—Critical-Strain/Recrystallization-Temperature Curves for

Commercial-Purity Aluminium with Various Initial Grain-
Sizes. Annealing time 30 min.

Pig

form of the curves is approximately the same as that
for super-purity aluminium, the critical strains for
comparable initial grain-sizes and the same tem-
perature are much higher (cf. Fig. 2, p. 503).

Table 111 shows, for material with various initial
grain-sizes, the grain-size developed at the critical
strain after annealing at different temperatures.

Comparing the behaviour of commercial-purity
aluminium having an initial grain-size of 0-045 mm.

Critical-Strain Effects in

with that of super-pure aluminium having an initial
grain-size of 0-042 mm., it is seen that for the same
annealing temperature it is the former which develops

Table |Il.—Grain-Sizes of Cornmercial-Purity Alu-
minium after Critical Strain and Annealing.

Final Grain-Slzes after Annealing at Various Temperatures,
mm.

Initial Grain-
Size, mm.
ul75° C. 600° C. 525° C. 550° C. 575° C. 000° C.
0-6 1-0 1-0 1-0 1-4 1-4
0-045 1-8 2-0 2-3 2-2 5-5 9-4
0-031 2-4 3-2 5-0 2-2 4-8 180
0-023 3-8 4-8 4-4 3-0 6-8 6-0

the coarser grain-size after critical straining and
annealing. With larger initial grain-sizes (over
about 0-1 mm.) it is not possible to make a strict
comparison, but the indications are that the super-
pure material may develop very much larger grains
after critical straining and annealing, the difference
between the two materials appearing to increase as
the initial grain-size increases above this figure.

Table IV.— Grain-Sizes of Commercial-Purily Alu-
minium Recrystallized after Various Extensions.

Grain-Sizc after Various extensions, mm.

Initial Grain- o
Size, mm. Temp., °C.
5% 10% 20%
f 500 0-56
0-6 < 550 0-83 0-51
| 600 0-90 0-52
500 1-8 0-29
0-045 » 550 0-78 0-31
600 (10) 1-2 0-36
500 1-1 0-29
0-031 1 550 (2-2) 0-65 0-26
600 2-0 0-53 0-23
500 0-88 0-24
0-023 ~ 550 2-0 0-59 0-23
| 600 1-9 0-66 0-31

When the critical strain is exceeded in this material,
the grain-size becomes progressively finer, as in
super-purity aluminium, falling to about 0-2 mm. at
about 25% strain. Some values for various fixed
strains are given in Table 1V.

(b) 2% Magnesium Alloy (Containing Manganese)
The preliminary treatments for the production of
a range of initial grain-sizes are given in Table V.

Table V.— Preliminary Treatmentsfor 2% Magnesium
Alloy.

Previous Deformation,
%

Annealing Treatment ° Resultant Grnin-Size,

15 3 hr. at 500° C. 0-30

30 1 f 0-042
45 S 1hr.at 400°C. 1 0-024
60 0-018

* In air, as for commercial aluminium.
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The curves relating critical strain with temperature,
shown in Fig. 5, follow the usual pattern, the critical
strain decreasing with temperature and becoming

Table VI.—Grain-Sizes of 2% Magnesium Alloy
after Critical Strain and Annealing.

Final Grain-Sizes after Annealmg at Various Temperaturc3, mm.

Ini_tial Grain-
Size, mm.
ml00" C. 450" 0. 500" C. 675" 0.
0-3 0-33 0-41
0042 0-12 0-20 1-20 1-30
0-024 0-27 0-55 2-40 8-00
0-018 0-34 1-00 4-00 5-20
smaller, the finer the original grain-size. The

numerical values of the critical strain are not very-
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given in Table VI, a grain structure can be developed
in this alloy quite as coarse as some of those in
commercial-purity aluminium at comparable tem-
peratures (Table I11).

At the higher strains (25% and more) the grain-
sizes gradually decrease to values of about 0-1 mm.
dia. and smaller (Table VII).

(c) 1% Magnesium, 1% Silicon Alloy

The age-hardening properties of the 1% magnesium,
1% silicon alloy made it necessary to anneal the
specimens, to obtain a variety of initial grain-sizes,
only just before they were needed. Table VIII
gives the annealing treatment necessary to produce
the grain-sizes shown. After this anneal, the speci-
mens were quenched in water, stretched in the tensile

RECRYSTAIUZATION TEMPERATURE.® C.

Fig. 5.—Critical-Strain/Recrystallization-Temperature Curves for 2% Magnesium Alloy with

Various Initial Grain-Sizes.

different from those of commercial-purity aluminium
at comparable initial grain-sizes and at the same
temperature. Moreover, as is clear from the data

Table VII.—Gram-Sizes of 2% Magnesium Alloy
Recrystallized after Various Extensions.

-, X Grain-Sizo after Varions Extensions, mm.
Initial Gruiu-

Size, mm. Tump., "C.
5% 10% 0%
030 ¢ 292 038
0-042 { ggg 8:22
0-024 { 222 5-8 g:ig 0-16
0018 { 20 b 0.29

Annealing time 30 min.

machine, measured, and recrystallized for 30 min.
at the appropriate temperature as soon as possible.
These operations were completed within an hour or
two of quenching.

Table VIII.—Preliminary Treatments for 1%
Magnesium, 1% Silicon Alloy.

Previous Deformation,

Annealing Treatment ° Resultant Graln-Size,

15

f 0-33
50 A 1hr. at 420° C. (| 0-038
70 (i 0-028

* In air, as for commercial aluminium, but water-quonched.

The critical-strain/temperature curves for the three
initial grain-sizes are given in Fig. 6, and the effects
of temperature and initial grain-size follow the usual
trend. The critical strains necessary to produce



508 Williams and Eborall :

coarse grain are relatively low, lower than for com-
mercial-purity aluminium under comparable con-

Table IX.—Grain-Sizes of 1% Magnesium, 1%
Silicon Alloy after Critical Straining and Annealing.

Final Grain-Sizes after Annealing at Various Temperatures,

Initial mm.
Grain-Sizc,
mm.
380° O. 415' C. 465" C. 515' C. 550° C.
0-33 0-5 0-68 1-3 2-4 3-0
0-038 0-6 0-82 4-5 90 13
0-028 1-2 1-5 10 14 11
ditions. Table IX gives the grain-sizes developed at

the critical strains and shows that grain-sizes can be
produced as coarse as those developed in super-pure
aluminium under the same conditions. At about

40 sy

Critical-Strain Effects in

(d) Duralumin-Type Alloy

As in the 1% magnesium, 1% silicon alloy, the
age-hardening characteristics of Duralumin-type alloy
necessitated a continuous sequence of annealing for
grain-size, quenching in water, rolling (instead of
stretching), and recrystallizing with as little delay
as possible. To test the effect of different amounts
of alloying elements in solution, two batches of
specimens were quenched in water from two different
temperatures after annealing to obtain suitable
initial grain-sizes. Two initial grain-sizes were used,
and the annealing treatments for their production
are given in Table XI.

The critical-strain/temperature curves for the two
initial grain-sizes and for the two quenching treat-
ments are given in Fig. 7. As for the previous
materials, the critical strains are higher for the
coarser-grained specimens, but the effect of different

INITIAL GRAIN DIA.. MM.

0B
X 0B
. oms

50 i)

RECRYSTALLIZATION TEMPERATURE, ° C

Fig. G- -Critical-Strain/Recrystallization-Temperature Curves for 1% Magnesium, 1% Silicon Alloy

with Various Initial Grain-Sizes.

25% overstrain the recrystallized grain-sizes are of
the order of 0-1 mm. dia. (see Table X).

Table X.—Grain-Sizes of 1% Magnesium, 1%
Silicon Alloy Recrystallized after Various Extensions.

Grain-Size after Various Extensions, mm.

Initial Grain- Temp., ®C
Size, mm.
5% 10% 20%
415 0-75
465 0-58 0-27
0-33 j 515 0-52 0-20
I 550 0-56 0-26
f 415 0-50
465 0-45 0-15
0-038 f 515 18 0-43 0-14
550 0-96 0-35
r 415 0-51
465 3-9 0-35 0-14
0-028 \ 515 1-4 0-33 0-13
I 550 0-76 0-31

Annealing time 30 min.

amounts of alloying elements in solution is a much
greater one, especially at the lower temperatures.

The grain-sizes developed after the critical straining
and annealing are given in Table XII.

Table XI.—Preliminary Treatmentsfor Duralumin-

Type Alloy.
Previous Resultant
Deform- Annealing Treatment Grain-Size,
ation, % mm.
(i) 6 hr. at 500° C. and quenched.
(if) 6 hr. at 500° C., furnace-cooled to 0-17
51 425° C., held 1 hr. at temp., and
quenched.
70 (i) 1hr. at 500° C. and quenched. } 0-035

(ii) 1 hr. at 425° C. and quenched.

The variation of these grain-sizes with temperature
is the usual one, viz. the lower the temperature, the
finer the grain-size after critical straining and anneal-
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ing. In the case of material quenched from 425° C,,
the effect of initial grain-size on the grain-size after
critical straining and annealing is in accordance with
rule (d) (p. 501). From Table XII (a), however, it
will be seen that the opposite is the case for material
quenched from 500° C. This behaviour is reminiscent
of that of super-pure aluminium.

The effect of the quenching treatment on the values
of the grain-size after critical straining and annealing
is very marked, as would be expected from the
substantial difference in the critical-strain values

L 13
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Table XIIlI.—Preliminary Treatmentsfor 1|-%
Manganese Alloy.

: Resultant

Previous Treatment Anneﬁ.:elzfgi:‘!reat- Gra:]ian;lgize,
Homogenized, cold rolled 25% . 8 hr. at 500° C. 0-34
Unhomogenized, cold rolled 25% 128 hr. at 500° C. 0-36
Homogenized, cold rolled 85% . 5hr.at 500° C. 0-026
Unliomogenized, cold rolled 85% 5hr. at 500° C. 0-027

* In air, as for commercial aluminium (air-cooled).

«0

RECRYSTAiI.UZATION TEMPERATURE. ¢

Fig. 7.—Critical-Stram/Recrystallization-Temperature Curves for Duralumin-Typo Alloy with Various Initial Grain-Sizes.
Annealing time 30 min.

already noted. In short, for Duralumin-type alloys
the greater the amounts of alloying elements in
solution, the higher is the critical strain, and hence the

Table XIl.—Grain-Sizes of Duralumin-Type Alloy
after Critical Straining and Annealing.

Final Grain-Sizes after Annealing at Various Temperatures, mm.

Initial
Qrain-Size,
mux.
400 0. 425 C. 450 C. 475" C. 500° a

(a) M1 terial Querdied from 500° C.

0-035 0-025 0-028 0-032

0-17 0026 0-030 0-033 0-050
(b) Mliterial Queidied from 125° C.

0-035 0-075 0-085 0-2 0-5 0-55

0-17 0-037 0-038 0-05 0-067 0-059

finer is the largest grain-size which can be obtained
by annealing at a given temperature.

(e) Manganese Alloy

The 1% manganese alloy was supplied in two
batches: (i) homogenized before hot rolling and
(i) unhomogenized. The homogenization treatment

consisted of a 27-hr. anneal of the cast billet, finishing
at 600° C.

Table X111 shows the preliminary heat-treatments
for the production of two initial grain-sizes (0-35
and 0-026 mm.) in both homogenized and unhomo-
genized materials.

Curves are plotted in Fig. 8 of critical strain versus
temperature for both homogenized and unhomo-
genized materials. In either material the critical

Table XIY.—Grain-Sizes of 1|% Manganese Alloy
after Critical Straining and Annealing.

Final Grain-Sizes after Annealing

Initial at Various Temperatures, mm.

Graiu-Si'/.e,
mm.
425’ C. 450° O. 500« C. 550° 0.
. 0-35 0-12  0-15 017  0-21
Homogenized  { (556 .13 017 033 1-40
, 0-35 0-038  0-005  0-10
Unhomogenized { o056 (032  0-034 0-10  0-17

strain decreases with rise in temperature, and fine-
grained material makes for lower critical strains. It
will be seen too that the critical strains are lower for
material homogenized before hot rolling, though the
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distinction becomes less important at the higher
temperatures.

Table XIV gives the value of the recrystallized
grain-size after critical straining and annealing.
These grain-sizes are finer for the material not
homogenized before hot rolling (in accordance with

Critical-Strain Effects in

super-pure aluminium are qualitatively in agreement
with those of Anderson and Mehl.5

No departure at all has been found from rules (6)
and (c), but (d) now needs some qualification, as it has
been found that the recrystallized grain-size may, for
a given deformation and annealing temperature,

RECRY5TAUIZATION TEMPERATURE. “C

Fig. 8.—Critical-Strain/Recrystallization-Temperature Curves for Homogenized and Unhomogenized 1-|%

Manganese Alloy with Various Initial Grain-Sizcs.

the higher critical strain) and are comparable with
those found in the Duralumin-type alloy.

V.—DISCUSSION

The experiments reported show the effects of some
of the controlling factors, viz. amount of cold deforma-
tion, temperature, and original grain-size, on the
recrystallization of several alloys; other variables,
including time at temperature and rate of heating,
have not been investigated. Apart from some
additional effects of the initial grain-size, discussed
below, the results substantiate the empirical rules
set out in the introduction (p. 501). Rule (a), that
the grain-size in a particular material is primarily
determined by deformation before annealing and
is substantially independent of the annealing tem-
perature, can be roughly checked by comparison of
the recrystallization diagrams for any particular
material at different temperatures. The temperature
of recrystallization has, however, a slight effect on
the final grain-size, the final grain-size being in general
finer, the higher the temperature. Fig. 9 gives two
examples. Super-purity aluminium (Fig. 9 (a)) appears
to show the effect most strongly of the materials for
which adequate data are available, and in all cases
the largest effect is at low strains. These results for

Annealing time 30 min.

depend more or less strongly on the initial grain-size.
This effect is especially noticeable in super-purity
aluminium and for small deformations, with the result
that for this material at high temperatures the maxi-
mum grain-size obtainable by critical strain increases
with the initial grain-size, instead of decreasing as
predicted. The first part of the rule, however, that
the critical strain increases with the initial grain-size (as
in Fig. 12, Plate LXXIX), remains true in practically
all cases.

The dependence of the final grain-size on the initial
grain-size presumably arises from the fact that during
recrystallization after low strains nuclei form pre-
ferentially at structural discontinuities, especially
grain boundaries; in fine-grained material the grain-
boundary area is larger and more nuclei will be
formed in any given conditions than in coarse-grained.
For higher strains, nucleation takes place also within
the grains, so that the difference in grain-boundary
area has a less-marked effect and the final grain-size
becomes progressively less dependent on the initial
grain-size as now observed. The strong dependence
observed in super-purity aluminium, compared with
that in other alloys, is no doubt largely due to the
comparatively very low critical strains, for a given
grain-size, which make observations possible in a
strain range which does not occur in other materials;
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but the difference does not appear to be completely
accounted for in this way, and there may be other
factors operative, such as the possible effect of minor
constituents or dissolved elements in promoting
nucléation within the grains relative to nucléation at
the grain boundary.

There is little in the literature on the effect of
alloying on recrystallization. However, experiments
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manganese, but not magnesium, had a large effect in
increasing the critical strain. On the other hand, the
grain-size on recrystallization after a given large
strain (in the range above about 20% extension)
was considerably larger for a 1£% manganese alloy
than for commercial-purity aluminium or a 1%
magnesium alloy, while in ternary alloys magnesium
tended to offset the coarsening effect of manganese.

Fia. U—Effect of Recrystallization Temperaturo on Final Grain-Size for Various Amounts of Cold Deformation,

(a) Super-purity aluminium with initial grain-size (M05 mm.

(b) Commercial-purity aluminium with initial grain-size 0-031 mm.

RECRTSTAIUZATION TEMPERATURE.O C

Fig. 10.—Relationship Between Critical Strain and Recrystallization Temperature for All Alloys Tested.

Al1-1J% Mn alloy. TJnhomogenized. Initial grain-size
0-026 mm.

mx - Al-1J% Mn alloy. Homogenized. Initial grain-size 0-026
mm.

0- Duralumin-type alloy. Quenched from 500°C. Initial

grain-size 0-035 mm.

of a type similar to those described in the present
paper have been reported by Chadwick, Richards,
and others 67 both for an alloy of the Duralumin
type and for a series of alloys with small quantities
of magnesium and manganese. These authors con-
cluded that the critical strain for recrystallization
at 500° C. in the Duralumin-tvpe alloy increased
with the amount of alloying elements in solution, and
that in the aluminium-magnesium-manganese series

Duralumin-type alloy. Quenched from 425°C. Initia*
grain-size 0-035 mm.

Commercial-purity aluminium. Initial grain-size 0-031 mm.

Al-2% Mg alloy. Initial grain-size 0-042 mm.

Al-1% Mg-1% Si alloy. [Initial grain-size 0-03S mm.

Super-purity aluminium. Initial grain-size 0*012 mm.

If the entire results of the present investigation are
plotted in the form of a graph of recrystallized grain-
size against previous deformation, the points lie
within a band, the width of which corresponds to a
variation of grain-size of the order of 30 :1 for any
given deformation ; but it has not been found possible
to generalize in any useful way on the effects of
alloying onthe grain-size produced on recrystallization.

The most striking effect of composition observed is
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that on the critical strain. Curves illustrating the
variation of critical strain with temperature for
materials of comparable grain-size are given in
Kg. 10. There are very wide differences, e.g. between
3 and 40% at 450° C. As might be expected, super-
pure aluminium has the lowest critical strain, and
alloying elements and impurities have in general the
effect of raising the critical strain. The element
most effective in this way appears to be manganese,
and the least effective magnesium. The critical
strain for the manganese alloy was much reduced by
an homogenizing treatment before hot rolling, while
for the Duralumin-type alloy the values were much
larger for the material quenched from 500° C. than
those given by material quenched from 425° C., pre-
sumably owing to the greater amount of the alloying
elements in solution.

Critical-Strain Effects in Cold-Worked Wrought Aluminium and its Alloys

VI.—CONCLUSION

With one exception, the results confirm the
empirical rules set out in the Introduction (p. 501).
This exception is that, especially in super-purity
aluminium recrystallized after given small strains, the
final grain-size varies to some extent with the initial
grain-size. The effect is not large in most of the
materials. The most striking effect of composition
is the large effect of some elements on the critical
strain.
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THE APPLICATION OF GRAIN REFINEMENT
TO CAST COPPER-ALUMINIUM ALLOYS
CONTAINING THE BETA PHASE *

By 5. P. DENNISON,! B.Sc., Ph.D., junior Member, and
E. V. TULL,! B.Sc., AIL.LM., Junior Member

SYNOPSIS

A consideration of previous work pointed to the nucléation method as offering the greatest
chance of success in refining the grain-size of east duplex (a+ PB) eopper-aluininium alloys.
Accordingly, melts were treated with a range of additions likely to form nucleating compounds.
The selection of possible compounds was based on their having a lattice structure and dimensions
similar (within certain limits) to those of either the a or the 3 phase of the copper-aluminium
system. Good confirmation of the nucléation theory was obtained, particularly with additions
of boron, which is thought to produce nucléation when present as boron carbide. It has been
found that in the presence of boron the mechanism of solidification of the 90 : 10 copper-
aluminium alloy involves the initial solidification of the {3 phase. Results obtained on the
laboratory scale were entirely confirmed by tests on a commercial scale with 500-Ib. billets. W ith
the latter, comparative mechanical tests showed that the tensile strength had increased by 13%

and the elongation by 46%, when refinement was at a maximum.

I.—INTRODUCTION

The literature on the mechanism of grain refinement
in castings provides a preponderance of evidence in
favour of the nucleation theory. When investigating
the possibilities of reducing the as-cast grain-size of
copper-aluminium alloys, it was therefore decided to
make first an attempt to produce grain-refining nuclei
in the molten alloy. As the mode of solidification
of the duplex copper-aluminium alloy containing
10% aluminium was in some doubt, the initial work
aimed at producing nuclei favourable to the crystal-
lization of either the a or the p phase. It was found
that in the presence of certain nuclei, thought to be
boron carbide, which would be expected to nucleate
the p phase, this alloy solidified with the initial
deposition of p crystals. Considerable grain refine-
ment was obtained.

The commercial alloy containing 14% aluminium
and 5% iron, which initially deposits p crystals,
showed grain refinement of the same order as that of
the copper-12% aluminium alloy cast in the labora-
tory, which consists entirely of the p phase.

The effect was studied of reductions in grain-size
on the mechanical properties of the duplex 10% alu-
minium alloy. Previous work 1 had indicated that
little improvement was to be expected for two-phase
material, hut the present results show considerable
increases in both tensile strength and elongation.

* Manuscript received 12 December 1952.
t Lecturer in Metallurgy, University College, Swansea.

I.—PREVIOUS WORK

1. Mechanism of Grain Refinement

The fact that a reduction in pouring temperature
tends to increase the proportion of equi-axial grains
in castings of certain alloys has been explained by
Genders and Bailey,2 who outline two methods of
formation of such grains :

0
initial columnar crystals sets up such concen-
tration gradients within the still-liquid alloy
that there is an excess of the low-melting-point
constituent in the immediate vicinity of the
columnar crystals, and hence on further cooling,
independent crystallization begins in the main
bulk of the liquid alloy beyond this low-melting-
point region. This process is further aided by
the latent heat of solidification of the columnar
crystals, which causes a slight increase in the
temperature of the liquid alloy in their immediate
vicinity. The tendency towards independent
crystallization becomes greater with decrease in
temperature gradient from the outside of the
ingot to the centre, i.e. it increases with decrease
in pouring temperature. A similar theory was
put forward by Northcott3>4 to account for the
periodic crystallization of steel and certain
non-ferrous alloys.

J Research Student, University College, Swansea,
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(i)
Alloy.—Solid particles may be present in the'
liquid zone as a result of the injection by the
pouring stream of solid from the ingot top.
Similar effects are observed when turbulence is
produced in other ways, e.g. by the use of
volatile mould dressings.5

Subsequent theories have been based on these two
main concepts.

An interesting adaptation of the nucléation theory
was introduced by Sclieil,6 who found that the grain-
size of cast ingots could be refined appreciably by
inserting wires of the metal in the mould before
casting. The resulting grain-size was a function of
the number and diameter of the wires used. It was
assumed that the wires acted as artificial nuclei.

In 1936, Iwasé, Asato, and Nasu7 investigated
the grain refinement produced in some binary copper
alloys by the addition of iron or cobalt. They con-
cluded that the grain refinement resulted from the
break-up of primary crystals during a peritectic
reaction caused by these additions, thus providing
a large number of nuclei for the formation of secondary
crystals.

Mitsche,8 in the same year, published details of his
work on the effect of non-metallic inclusions on the
grain-size of aluminium, cast iron, and steel. He
considered that two kinds of nuclei existed : “ kindred
nuclei ”, which were fragments of metallic lattices
and refined the grain-size by inoculation; and
“ foreign nuclei ”, which were non-metallic inclusions,
and could either refine or coarsen the grain-size
depending on their size and concentration in the melt.

Further evidence in support of the concentration-
gradient theory was provided in 1937 by the work
of Hanemann and Hofmann 9 on the effect of various
additions on the grain-size of magnesium alloys.

In 1938, Northcott4 made a systematic study of
the effect of small additions (0-01-2%) of 35 elements
on the grain-size of copper. He considered grain-
refinement to be due to growth restriction, which
could arise from two causes: (a) the existence of
concentration gradients, as postulated by Genders
and Bailey;?2 or (6) the adsorption of a very thin
layer of the alloying element on the surface of the
crystallites, thus preventing further growth. North-
cott believed the latter to be the main factor in deter-
mining the refinement achieved, and thought that
the effect was a periodic one, dependent on the struc-
ture of the outer electron shells of the element
adsorbed.

This work was extended to cover the effect of larger
additions of several of these elements on the grain-
size of copper.10 An attempt was made to correlate
the results obtained with constitutional diagrams,
and in doing so the effect of an additional, or ** second-
phase ”, factor had to be considered. The concen-
tration-gradient effect increased with increase in
freezing range, whilst the adsorption effect reached
a maximum at a very low percentage of alloying

The Application of Grain Refinement to
Nucléation by Solid Particles in the Moltenelement, and thereafter remained constant or even

decreased. The “ second-phase ” effect could either
refine or coarsen grain-size, depending on the nature
of the second phase. If the latter was a eutectic,
refinement generally occurred, whereas if it was a
peritectic the reverse was true, in opposition to the
peritectic theory of Iwase, Asato, and Nasu7
previously described.

Since 1939, a great deal of work has been done
upon the grain refinement of magnesium-11-18 and
aluminium-base 1924 alloys, resulting in a theory of
grain refinement due to Cibula, which is applicable
to alloys in general.2 Cibula states that there are
two ways in which grain refinement can be achieved :

(i) Concentration Gradients.—This is a growth-
restriction process, and is associated with
increased undercooling at the surface of castings,
and, more particularly, with the spread of under-
cooling into the interior of the casting, the latter
condition producing an equi-axial structure.
This type of grain refinement is relatively slight,
until a large proportion of the alloying element
is present, and is never very marked.

(if) Nucleation.—The formation of nuclei upon
which the alloy crystallizes easily; this effect
being associated with the virtual suppression of
undercooling. This mechanism in itself will only
refine a coarse columnar structure to a much
finer but still columnar one, and will not give
rise to the equi-axial structures characteristic
of marked grain refinement. The combination
of these two effects, however, produces grain
refinement to a high degree. In cases where
the grain-refining element is sufficiently soluble
in the parent alloy, it may provide both nuclei
and concentration gradients; where the solu-
bility of the grain-refining element in the parent
alloy is too small to permit the formation of
concentration gradients, the latter must be
produced by the addition of another element.

According to Cibula the conditions to be satisfied
by a foreign particle to produce nucleation of the
alloy are as follows : (1) Attractive forces should
exist between the atoms of the solid metal and of the
foreign particle; and (2) there should be an absence
of strain in the metal lattice at the nucleus/metal
interface.

The first condition is also that which results in
the formation of stable solutions or intermetal]ic
compounds, i.e. it would lead to solution of the foreign
particle. If solution is not to occur, the stability
of the compound forming the foreign nuclei must be
very high.

The second factor requires a fairly close structural
relation between the lattice of the solid metal and
that of the foreign particle. In this respect, van der
Merwe2 states that a limiting lattice misfit exists
which allows the formation of an oriented nucleus on
a substrate. He estimated the limiting difference to
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be 9%, or somewhat greater if there are strong
attractive forces between the deposited atoms and
the substrate. Thus Royer2 has proved that
differences in lattice dimensions of up to 16% can be
tolerated in the case of halides deposited from solution
on to crystals of lead sulphide, potassium chloride,
sodium chloride, and mica.

Cibula found that the quantities of the combining
elements necessary to produce satisfactory nucleation
and refinement are extremely small, of the order of
0-001-0-1%, and that the number of nuclei present
was several hundred times the number of grain centres
on solidification. Formation of the nucleating com-
pounds within the molten metal was more efficient from
the point of view of nucleation than the direct addition
of the compounds to the melt, the difference being
attributed to the difficulty in obtaining satisfactory
wetting in the latter case.

The above theory offers a satisfactory explanation
of most of the phenomena associated with grain
refinement, and has been used as the basis of the
present work. Crossley and Mondolfo 27 have offered
an alternative explanation of the grain refinement of
aluminium alloys involving a peritectic-reaction
theory, but the evidence in support of their theory is
inconclusive.

2. Grain Refinement of Copper-Base
Alloys

Apart from the work of Northcott,410 very little
has been published on the grain refinement of copper
and copper-base alloys. Northcott found that in
additions from 0-1 to 2% the most effective grain
refiners were lead, thallium, platinum, oxygen, tin,
selenium, arsenic, and indium, in that order. He
then investigated the grain-size of a series of binary
alloys of copper over a wide range of compositions.
Copper—aluminium alloys were characterized by very
large crystal size, having longer and much wider
columnar crystals than those found in the other
binary alloys examined. Northcott showed that
aluminium is capable of conferring the property of
wide columnar growth upon other alloys to which
it is added. Curves of crystal length against com-
position were plotted for these binary alloys. For
copper-aluminium alloys of the eutectic composition
(8-5% aluminium) the structure is wholly columnar.
Further increase in aluminium content results in a
slight reduction in columnar crystal length, to a
minimum at 10% aluminium and 40% reduction in
crystal length, the curve then rising again until at
12% aluminium the structure is again wholly columnar
(the all-fl region).

Hermann and Sisco 28 in 1931 studied the effect
of 1% and 5% additions of iron, nickel, manganese,
cobalt, and silicon on the structure and hardness of
8%, 10%, and 12% aluminium bronzes. Iron gave
the greatest refinement in grain-size, and manganese
also produced some refinement. Nickel and cobalt
had no effect, and silicon produced grain coarsening.
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These results were confirmed by lwasé, Asato, and
Nasu in 1936.7

The complex aluminium bronzes containing nickel
and iron (e.g. Cu 80, Al 10, Fe 5 Ni 5%) have an
equi-axial grain structure throughout the ingot even
when relatively high pouring temperatures are
employed. Murphy and Callis® suggest the possi-
bility that the primary crystals of iron-bearing
constituent found in these alloys are the nuclei
responsible for grain refinement.

Additions of several other elements to aluminium
bronze have been made by various workers, but the
effect upon the grain-size has not been considered in
most cases. Landolt and Pyne,3 however, report
that lithium additions of the order of 0-005-0-02%
produce some grain refinement in high-conductivity
copper, gun-metal, and nickel bronze.

Colton and Margolis 31 studied the effect of nickel
additions (0-5%) upon the cast macrostructure of
an 85:5:5:5 copper-tin-zinc-lead alloy, and
concluded that the element responsible for the small
grain-size (as compared with that of pure copper)
was lead, nickel additions having no effect on grain-
size.

3. Effect of Grain-Size on the Mechanical

Properties of Cast Alloys

It has long been recognized that the grain-size of
cast alloys may have an important influence upon
their tensile properties, the precise effect in each
case being the resultant of several factors. The
most obvious factor is, of course, the resistance
offered by grain boundaries to the simple type of
deformation undergone by a single crystal, the effect
of which is to increase tensile strength as the grain-
size decreases.

In cubic alloys, however, other indirect effects of
grain-size variation may far outweigh the grain-
boundary factor; e.g. Cibula and Ruddle2l found
that in certain aluminium alloys the distribution and
shape ofthe intergranular shrinkage voids, as influenced
by grain-size, was the dominant factor in determining
the tensile properties. In this case, the type of void
associated with small grain-size was the least detri-
mental, but this is not always the case, as was shown
by the work of Ames and Kahn3 on tin bronzes,
in which maximum tensile properties were associated
with a coarse-grained structure.

Northcottlhas studied the influence of crystal size
and orientation upon the mechanical properties of
several copper-base alloys in the cast condition. He
found that single-phase alloy test-pieces composed of
columnar crystals disposed longitudinally showed low
values for maximum stress but high elongation;
transverse columnar crystals exhibited a higher
maximum stress but low elongation; and small equi-
axial crystal samples showed the highest maximum
stress, but low to intermediate elongation. The
tensile properties of two-phase alloys were found to
be much less affected by crystal size, a fact Northcott
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attributed to the presence within each crystal of
phase boundaries which behaved like ordinary crystal
boundaries in their resistance to slip.

I —SELECTION OF POSSIBLE INOCULANTS

At the beginning of the present work, the mode of
solidification of a binary copper-base alloy containing
10% aluminium was in doubt. The constitutional
diagram indicates that the ;3 phase is the first to
solidify, but Ruddle and Mincher33 suggest that
munder non-equilibrium conditions eutectic crystal-
lization may occur, initiated by nuclei of the a phase.
Inoculants were therefore selected to cover both
possibilities and particulars of these are given in

Table 1. Lattice misfit up to £16%, the highest
Table |.— Possible Inoculantsfor Copper-10%
Aluminium Alloy.

Lattice Dimensions, Lattice
Compound Structure Misfit, %
A—Suitable for a-Phase Nucleation
a-Cu-Al (7-5% Al) F.c.c. a0 « 3-G57(ref' 35> =
CaB, Cubic a9 = 4-15 +13-3
CcB, N a0 = 4-13 + 12-9
CoB Orthorhombio a0 = 3*95° b0- 5*24, + 79
c0 =- 3-04
Co,B ? a, «@5-00, c9 —4*21 » + 15-0
TiB, Hex. c.p. a, « 3*03, Gg« 3-23 * -11-8
ZrB, a0 « 3*15,*c0» 3-53« -14, -3-0
ZrO Cubic aa= 3-31 - 9G
CeC, Tetragonal a0 » 3*87,°c9= 6-48 + 5-8
AlB, Hex. c.p. a, = 3*00, ¢, « 3-250 -11-3

B—Suitable for fi-Fhase Nucleation

/3-Cu-Al (10*0% Al) B.c.c. Qg = 5-887 <ef-33>
CeC

Tetragonal a0« 3-87,c0« 6*48 * + 1
CaC, ” a0= 5-48» ¢, « G-37+ -6-8, +8-1
Cas Cubic (NaCl- og= 5G7 -3-8
. type)
Li,S Cubic  (CaFr ag= 5-70 -3-3
type)
B*0 Rhombohedral a, = 5-G2,° cp= 12-12 -4-5

« Where more than one lattice parameter is given, misfit is calculated only
for the parameter marked with an asterisk.

value at which nucleation has been reported,26 was
tolerated, although the limiting misfit is generally
taken as about 9-10%.53%

IV.—LABORATORY TESTS

1. Experimental Procedure

The melts were prepared from copper-aluminium
alloy containing Al 12-27, Fe 0-07, Si 0-04, Zn 0-02%,
balance Cu, and high-purity copper (B.S.S. MC3)
containing Cu 99-96, Ni 0-01, 0 0-019, Bi 0-0003%,
and atrace of As. A straight copper-10% aluminium
alloy prepared from these materials showed no
difference in macrostructure from a similar alloy
prepared from the same copper and super-purity
aluminium (99-99%). It was therefore assumed that
the 0-07% iron in the copper-12% aluminium alloy
had no grain-refining effect.

The various elements intended to produce grain
refinement were added either in elemental form, or as
alloys with copper or aluminium, with the exception
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of cerium (added as Mischmetall, a 50% alloy with
rare eartli metals). Additions of the pure metals and
the Mischmetall were wrapped in copper foil; in the
case of carbon, acetylene was bubbled through the
molten metal in the casting-machine reservoir via a
thin silica tube. All additions were made to the melt
in the furnace, with the exception of the Mischmetall,
lithium, and copper sulphide, which were added in
the reservoir of the casting machine.

Cerium Mischmetall was used instead of pure
cerium for economic reasons. For comparison, a
melt was cast using pure cerium. The macrostructure
of the two ingots showed no significant difference.

Analyses of the various alloys used are given
below:

Boron (as copper-baso alloy):
B 4-75, Cu 93-7, Si 0-6, Fo 0 06, Mg 0-20%, traces of Mn
and Pb.
Cerium (as Mischmetall):
Typical analysis : Co 51-53, Xd 15-17, Pr 3—4, La 22-25,
Sm 2-3, Y + Tb 3, Fo 5, C approx. 0-054, CaC, approx.
0-022, Ca approx. 0-014%, traces of Al and Si.
Cobalt (as copper-baso alloy) :
Co 12-0, Xi 0-20%, balance Cu.
Titanium (as aluminium-baso alloy):
Ti 10-3, Fe 0-47, Si 0-33, Cu 0 08%, balance Al.
Zirconium (as aluminium-base alloy):
Zr 8-2, Ti 0-20, Fe 0-50, Si 0-35, Cu 0-10%, balance Al.
Calcium and Lithium : added as pure metals.
Copper sulphide : added as powder (Analar purity).

All melts were made in a high-frequency electric-
furnace, employing a Sillimanite crucible, and a
proprietary flux was used to clean the metal before
casting. The ingots were Durville-cast into steel
moulds. The melt temperature was checked by
immersing a thermocouple in the reservoir of the
casting machine (consisting of a Salamander crucible)
immediately before pouring. Exothermic feeding
compound was applied to the ingot top to prevent
the formation of shrinkage cavities, and a constant
pouring temperature (1150° C.) and pouring rate were
employed for all casts. This temperature proved
sufficiently high to ensure that untreated ingots would
have a coarse-grained macrostructure consisting
entirely of columnar crystals.

The ingots were cylindrical, 3in. dia. X 8in. long.
For macro-examination they were sectioned halfway
between the bottom of the pipe and the base of the
ingot, parallel to the base. The surface so exposed
was machined and then etched in a warm saturated
solution of ammonium bichromate containing 10%
conc. H2S04 and 1% HC1, with continuous swabbing
for about 10 min.

2. Results on Grain Refinement

It will be seen from the results given in Table Il
that marked grain refinement was obtained in all the
ingots containing boron. Since boron additions
produced refinement when used alone, the part
played by calcium, cerium, cobalt, titanium, and
zirconium in ingots 2-6 inclusive may not have been
important, i.e. the nucleating compound may have
been a compound of boron with some other element
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already present in the copper-aluminium alloy.
External addition of carbon 'was not essential to
grain refinement by boron, as shown by ingot 13.
This does not, however, rule out the possibility that
the nucleating compound was boron carbide, since

Table |l.—Effect of Various Additions on the Grain-
Size of Copper-10% Aluminium Alloy.
: Degree of Average
Ingot Déz'r;e_d Lattice Addition, % Grain Grain-Size
No. cund Misfit, % (nominal) Refine- of Equi-Axial
P ment  Crystals, mm.
1 Stnndard Ingot Entirely
columnar.
A—Suitable for a-Phase NudeatUm
2 CaB, + 13-3 0-04 Ca,’ 0-01B Marked 0-5
3 CeB, + 12*9 0-04 Cc,* 0-01 B 0-5
CoB + 7-9 .
< CoB + 150 \ 0-01 Co, 0-01 B it 0-6
5 TiB, -11*8 0-01 Ti,0%01 B it 0*5
6 ZrB, -14, —3G 0-01Zr,0-01B 0-5
+ 58(0e) : o ; f Entirely
7 CeO, { +10-003) J 0-04Ce* + O Slight (columnar.
B—Suitable for B-Phase Nudeation
9 Cao, -6*8,+8-1 0-04Ca«+ O Moderate 2-0
10 CaS -3-8 0-04Ca,*0-01 S Nil Entirely
columnar.
11 Li,S -3*3 0*04 Li,* 0-01S
12 B40 -4*5 0-01B + O Marked 0*
13 b 4o -4*5 0-01 B 0-5

»

« Nominal addition increased to allow for high oxidation loss of these elements
during addition.

Cibula 2 has shown that even super-purity aluminium
(99-99%) contains enough carbon to combine with
added titanium to form the nucleating compound
titanium carbide. If the nucleating compound was
in fact boron carbide, this would imply that the
B phase is the first to solidify, since the boron-carbide
lattice is favourable to j3-phase nucleation only. On

I11.—Macrostructure and Grain-Size of
Laboratory Ingots.

Ingot dimensions; 3 in. dia. X 8 in. long.

Table

Average Grain-

Size, mm.
Ingot Addition, %
No. (nominal) Structure
Columnar Equl-
(width)  Axial
1+ Standard 2-0 Entirely columnar to

centre (1-5 in. long).

7 004Ce+ C 15 > > .

9 004Ca+ C 15 20 Columnar crystala  in.

long. Equi-axial
central zone.

Columnar crystals §in.

long. Equi-axial
central zone.

13t 001B 1-0 0-5

* 10 and 11 similar. f 2,3, 4,5, 6, and 12 similar.
the other hand, the nucleating compound may have
been aluminium boride, which is an a-phase nucleator,
in which case the a-phase must be the first to solidify.
Calcium additions, in conjunction with acetylene
bubbling, also produced some refinement, but this
was not nearly so marked as with boron additions,
although producing an equi-axed zone. Cerium in
conjunction with acetylene gave slight indications
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of grain refinement by diminishing the width of
columnar crystals.

The macrostructure of copper-10% aluminium
alloy, without and with boron additions, is illustrated
in Figs. 1 and 2 (Plate LXXX), respectively. In
the untreated alloy, the structure consists of coarse
columnar crystals extending to the centre of the ingot,
whereas in the boron-treated alloy these columnar
crystals are much smaller, and the whole of the
centre of the ingot consists of fine equi-axial crystals.

A more detailed description of the macrostructure
and grain-size of the ingots is given in Table I1I.

3. Mode op Solidification of Copper-10%
Aluminium Alloy.

A means of refining the grain-size of the duplex
copper-10% aluminium alloy having been found,
the solidifying phase in this alloy was next deter-
mined. Three ingots containing 7-5%, 10%, and
12-5% aluminium, respectively, were cast, repre-
senting the all-a, duplex (a -j- (3), and all-j3 structures.
A further series of three ingots was then cast of the
same aluminium contents, but with 0-01% boron
added to each alloy before casting. Comparison of
the macrostructures of the six ingots showed that
boron additions refined the grain-size of the (a+ {3
(Figs. 1 and 2) and all-[3 alloys (Figs. 3 and 4, Plate
LXXX), but not that of the all-a alloys. In the
presence of boron the solidifying phase in the duplex
copper-10% aluminium alloys must therefore be
p. This finding does not, however, entirely rule out
the theory of Ruddle and Mincher3 that, under
non-equilibrium conditions, the a phase is the first
to solidify and initiates eutectic-type solidification,
since in the absence of suitable nuclei undercooling
may occur to such an extent that this mechanism
becomes possible. In the presence of suitable nuclei,
such as are provided by boron additions, under-
cooling is prevented, and solidification conditions
approach much more closely to those indicated by
the equilibrium diagram, i.e. the (3 phase is the first
to solidify. Further, since the aluminium boride
structure is suitable only for nucleating the a-phase,
it can be ruled out as an inoculant, thus lending
further support to the view that boron carbide is the
nucleating compound. Similarly, the nucleating
compounds in ingots 2-6 cannot be the metal borides
listed in column 2 of Table 11, since these compounds
are also suitable only for nucleating the a phase.

The macrostructure of the boron-treated copper-
12-5% aluminium ingot showed a Lin--deep zone of
equi-axial crystals round the periphery of the ingot.
These crystals were largest at the immediate edge
of the ingot, and decreased in size towards the inner
edge of the zone, the finest crystals being comparable
in size with those in the centre of the ingot. It is
difficult to account for the presence of the columnar
zone between these two zones of equi-axial crystals.
It may represent a form of periodic crystallization,
as outlined by Northcott,3 which would imply that
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the nucleating compound is partially soluble in the
molten alloy. This phenomenon occurs only in the
all-p alloy and not in the (« - @ alloy. An all-3
alloy cast at a lower pouring temperature (about
50° C. above the solidus) showed a narrow band of
squat columnar crystals at the periphery, with very
fine equi-axial crystals in the centre of the ingot,
indicating that grain refinement increases with
decrease in pouring temperature.

It is possible that calcium carbide formation is
responsible for the grain refinement observed in
ingot No. 9, since this compound is suitable for
nucleating the p phase.

4. Remelting Characteristics

To determine the persistence of grain refinement
on remelting and casting, a laboratory ingot con-
taining 0-01% boron was remelted and cast as before.
Macro-examination showed that no loss of grain
refinement had occurred, indicating that boron loss
on remelting was negligible. The maximum tem-
perature reached by the melt in the furnace was
about 1200° C. A further remelt again showed no
loss in grain refinement.

V.—COMMERCIAL APPLICATION OF GRAIN
REFINEMENT

1. Tests on Ingots

Laboratory experiments having shown that addi-
tions of boron, calcium, and cerium to copper-
aluminium alloy produced varying degrees of grain
refinement, additions of these elements were made
to normal commercial ingots to determine whether
this method of refinement was a practical possibility.

These tests were carried out at the works of Messrs.
N. C. Ashton, Ltd., Huddersfield, on 500-lb. cylin-
drical ingots, 7 in. dia. X 45 in. long, cast by a semi-
Durville method from rotating oil-fired furnaces.
Melts were made up from high-grade copper (99-9%)
and aluminium (Al 99-6, Si 0-2, Fe 0-15, Cu 0-02%).
A typical analysis of one of these ingots gave Al
9-63, Fe 0-05, Zn 0-01, Si 0-02%, a trace of Ni, Cu
90-3%.

Five such ingots were cast from each melt. The
grain-refining additions were made to the metal in
the pouring stream as the ingot was being poured,
in the case of calcium and cerium, and to the melt in
the furnace in the case of boron. The pouring
temperature was checked by an optical pyrometer
focused on the metal in the pouring stream, and the
melt temperature was determined by an immersion
pyrometer. The casting temperature varied between
1090° and 1120° C. during the tests; this variation
produced no noticeable alteration in the grain-size
of standard ingots. An exothermic feeding com-
pound was employed to prevent piping.

Table IV gives details of the tests carried out
using varying additions of boron, calcium, and
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cerium. Carbon was added to the calcium and
cerium melts by bubbling acetylene through the
feeder stream. The additions were identical with
those employed for the laboratory tests.

Table IV.—Effect of Grain-Refining Additions on
Commercial Ingots of Copper-10% Aluminium
Alloy.

) - A Graln-Size of

R TI CL E C

BjC 0-001 Nil Entirely columnar
0-0025 Moderate 2-2
0-01 Marked 1-0

CaC2 0-001 Nil Entirely columnar
0-00251 , p » t It
0-01 f+ b e it
0-04 Moderate 2-0

CeCj 0-001 - Nil Entirely columnar
0-0025) + C w w w
0‘01 J tw Tt Tt

A more detailed description of the macrostructure
and grain-size of those of the above ingots showing
grain refinement is given in Table V.

These results confirm those obtained with the
laboratory ingots. The grain refinement produced
by addition of 0-04% calcium and 0-0025% and
0-01% boron is illustrated in Figs. 6, 7, and 8 (Plate
LXXX), which should be compared with the standard
ingot structure shown in Fig. 5 (Plate LXXX). The
grain refinement produced by 0-01% boron in the
commercial ingot was even more marked than in the
laboratory ingot, an entirely columnar structure being
changed to one in which the columnar crystals formed
a narrow band about J in. deep around a central
region of very fine equi-axial grains.

The sections examined were transverse slices taken
from near the top of the ingot. Sections taken from
the middle and base of certain ingots confirmed that
the structure was uniform throughout their length.

Closer examination of the section from the ingot
to which 0-04% calcium had been added revealed
evidence of porosity, which was confirmed by micro-
examination. The porosity was on a micro-scale,
and micro-cracking was also observed throughout
the section.

2. Effect of Variation in Boron Content on
Grain-Size and Mechanical Properties

A series of four commercial ingots (see Section V, 1)
was cast, having boron contents of 0-00, 0-01, 0-02,
and 0-03%, respectively. Transverse slices were
taken from near the top of the ingots for macro-
examination, the results of which are givenin Table V;
immediately below these slices, 9-in. lengths of the
ingot were cut off to provide material for transverse
and longitudinal tensile test-pieces. The casting
temperature varied between 1090° and 1110°C.
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The results obtained are given in Table VI. Macro-
examination of ingots containing 0-02 and 0-03%
boron revealed a completely equi-axial structure,
with no outer band of columnar crystals (see Table V).
Data on the macrostructure of the 0-0025% boron

Table V.—Macrostructure and Grain-Size of
Commercial Ingots.
Ingot dimensions : 7 in. dia. x 43 in. long.

Average Grain-Size, nnn.

Addition,
nominal) Columnar Structure
(width) Equi-axial

Standard 2-5 Entirely columnarto centre
(3-5 in. long).

0-04% Ca 1-2 2-0 Columnar crystals 1-75 in.
long. Equi-axial central
zone.

0-0025% B 13 2-2 Columnar crystals 1-5 in.
long. Equi-axial central
Zone.

0-01% B 4-0 1-0 Columnar crystals 0-5 in.
long. Equi-axial central
zone.

0-02% B 0-7 Entirely equi-axial.

0-03% B 0-5 » »

Table VI.—Effect of Varying Boron Additions on the
Mechanical Properties of Copper-10% Aluminium
Allay.

Nominal Tensile Elongation, %,
Boron Position of Test-Pieoo 0 Strength, on X-in.
Content, % tons/in.a Gnuge-Length
0 (22-0 125

123-0 17-0

0 (22-9 14-5
124-0 16-0

0-01 Transverse (top) 25.6 25-0
0-02 26-2 26-0
! (25-9 22-0
0-03 126-9 22-0
0 (22-4 185
123-2 24-0

0 (24-3 22-0
L 122-7 15-0

0.02 Longitudinal (265 25.0
126-4 24-5

127-0 31-5

0-03 126-2 29-5
0 (24-1 19-0
123-2 20-0

0 (24-5 22-0
002 Transverse (centre) f * %zzgg ggg
126-4 28-0

r26-4 26-0

0-03 126-7 305

* The test-pieees were machined according to B.S. No. 18

(1938).
t Prom the end of the 9-in. length nearest to the centre of the

ingot (i.e. the lower end).

and 0-04% calcium ingots cast during the previous
commercial tests (Section V, 1) are included in
Table V.

Table V indicates that an addition of 0-02% boron
to commercial ingots of copper-10% aluminium
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completely eliminates columnar crystal growth, and
that further increase in boron reduces the size of the
equi-axial crystal slightly.

Table VI indicates that boron additions increase
both the tensile strength and ductility of copper-10%
aluminium by virtue of their grain-refining effect.

The average of the results given in Table VI for
each individual boron addition, together with the
percentage increase in tensile strength and elongation
relative to the untreated alloy, are set out in Table
VII.  Analyses for aluminium content were made on
samples from the ingots, and the results are included
in the table.

Tabte VIl.—Percentage Increase in Tensile Strength
and Elongation Produced by Boron Additions in
Copper-10% Aluminium Alloy.

Increase in Increase in

Nominal P . Tensil El tion, P
Sooe! Aminium | Tensile  S[SE Slongaton, Ferentege
Content, ! tons/in.* over Gauge- over
% to : Untreated Length  Untreated
. Alloy, % Alloy, %
0 9-50 23-4 18-4
0-01 9-39 25*6 9-4 25-0 35-9
0-02 9-49 26-4 12-8 26-3 42-9
0-03 9-42 26-5 13-2 26-9 46-2

Micro-examination of specimens from the un-
treated and boron-treated ingots revealed no differences
in constitution. No foreign nuclei were visible, even
under a magnification of 1500x, in the boron-treated
ingots.

3. Other Commercial Applications

Experiments on commercial castings have shown
that boron additions may be used to advantage in
obtaining grain-refinement of the hard 14% alu-
minium, 5% iron alloys used in the manufacture of
die-blocks, which have an all-3 phase structure. A
cast hollow cylinder, 14 in. outside dia. x 8 in.
inside dia. x 6 in. high, which was normally entirely
columnar on solidification, exhibited a completely
equi-axial structure when 0-01% boron was added to
the melt, other conditions being maintained constant.
The average diameter of the equi-axial crystals
was 2 mm.

VI.—SUMMARY AND CONCLUSIONS

It has been found that additions of boron of
between 0-0025 and 0-03% to molten copper-
aluminium alloy containing 10% aluminium produce
grain refinement of the alloy on solidification, the
degree of refinement increasing with the quantity
of boron added up to about 0-02%, when a com-
pletely equi-axial structure is obtained in contrast
to the entirely columnar structure of the untreated
alloy. This grain refinement is associated with
increased tensile strength and percentage elongation.

It has been shown that in the presence of these
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boron additions, the copper-10% aluminium alloy
solidifies initially as the i3 phase, which is nucleated
by some compound formed as a result of the boron
additions. This compound is thought, from lattice-
structure considerations, to be boron carbide, B4AC.

Additions of calcium in conjunction with carbon
(as acetylene gas bubbled through the molten alloy)
also resulted in grain refinement, but this was
associated with micro-porosity and cracking.

The grain refinement produced by boron additions
was found to be practically unaffected by repeated

remelting and casting, indicating that loss of boron
on remelting was negligible.

The use of high pouring temperatures tended to
decrease the degree of grain refinement in cases where
the boron addition was not sufficient to produce a
completely equi-axial structure.

Boron additions also refined the grain-size of the
copper-14 % aluminium alloys used in the manufacture
of die-blocks, which consist entirely of the {3 phase
on solidification.
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THE STRUCTURE OF TITANIUM-TIN ALLOYS
IN THE RANGE 0-25 AT.-°/0 TIN*

By H. w. WORKER,f M.Sc., Member

SYNOPSIS

Titanium-tin alloys in the range 0-25 at.-% tin have been investigated by metallographic and
Debye-Schcerrer X-ray-diffraetion methods, and a partial phase diagram has been established.
Detailed results for two groups of alloys are given; one gioup was based on a commercial grade
of titanium, the other on titanium refined by the iodide process. Tin depresses the freezing point
of titanium, and there appears to be a eutectic point in the vicinity of 17 at.-% tin at 1550° C.
approximately, the solid constituents involved in the eutectic transformation being a solid solution
of tin in (3-titanium and a phase, designated y, based on Ti3Sn. The solid solubility of tin
in a-titanium is just over 10 at.-%, and it varies only slightly in the range 700°-880°C. The
solubility of tin in [3-titanium increases from 7-5 at.-% at 885° C. to approximately 10 at.-% at
1100° C. Addition of tin to titanium depresses the a i3transformation region to a minimum
of 845° C. at 5 at.-% tin; above 5 at.-% the (a+ (3 range rises to meet a peritectoid horizontal
at 885° C. The peritectoid composition is 10-5 at.-% tin, and the peritectoid reaction is:

a (10-5 at.-% Sn) "

i3 (7-5 at.-% Sn) + y (22 at.-% Sn).
(D019-type) based on the hexagonal close-packed structure.

The y phase has an ordered structure
Tin hardens a-titanium considerably,

but the hardness of the alloys cannot be appreciably varied by heat-treatment.

I.—INTRODUCTION

The investigation to be described formed part of a
research programme concerned with titanium-base
alloy systems in which the alloying elements have
atomic sizes similar to that of titanium itself. Very
little information about titanium-tin alloys has been
published. Craighead, Simmons, and Eastwoodl
have shown that 0-7 at.-% tin can be held in solid
solution in both a- and (3-titanium. Pietrokowsky
and Duwez 2 have determined the crystal structure
of Ti5Sn3, and Pietrokowsky3 has reported the
structure of Ti3Sn.

The present work covered the range 0-25 at.-%
tin.  Alloys made with a commercial grade oftitanium
were first studied in an exploratory investigation,
then alloys based on refined titanium were examined.
The exploratory investigation was designed partly
to yield results of practical value, but chiefly to
provide some general information about the system
so that the number of purer alloys made in the
subsequent work could be kept to a minimum in the
interests of economy. Both stages of the research
involved metallographic and X-ray-diffraction studies
of beat-treated specimens. Particular attention was
paid to the effect of tin on the a  [3transformation
in titanium and to the limits of solubility of tin in the
two forms of titanium. The freezing ranges of the
alloys were estimated only very approximately.

I.—MATERIALS USED

Titanium prepared by the Kroll process was used
in the exploratory work. This metal, which was

* Manuscript, received 12 January 1953.
t Physical Metallurgy Section, Commonwealth Scientific

made by the United States Bureau of Mines, will be
referred to as commercial titanium. Metal refined
by the iodide process in the Philips Laboratories,
Holland, was used in more critical experiments aimed
at establishing phase boundaries. Impurities found
in these two grades of titanium are listed in Table I.

Tabte |.—Concentrations of Impurities in Commercial
and Refined Titanium after Melting in an Argon-
Arc Furnace.

Commercial Ti,

Impurity at-% Refined Ti, at.-%
Oxygen . 0-6 0-15
Nitrogen 0-2 003
Carbon . 0-1
Iron . . 0-15 002
Magnesium 0-1-0-2 Faint trace *
Silicon . Trace * Strong trace *
Antimony Not detected *  Strong trace *
Tin . Trace * Strong trace *
Copper . Trace * Trace *

Na, K, Ca, Sr, Ba, Be, Al,
Ag, Zn, Cd, Pb, Bi, As,
Co, Ni, Cr, Mo, W, V,

Nb, Ta, Zr . Not detected * Not detected *

* Result of spectrographic test.

The oxygen concentrations reported in the table were
determined by the chlorination method, as described
by Corbett.4

The a » RBtransformation range for each grade of
titanium was determined by observing the micro-
structures of specimens quenched from various
temperatures. For the commercial metal, the range
was 870°-960° C. and for the refined grade, 885°-
895° C.

and Industrial Research Organization, Baillieu Laboratory,
University of Melbourne, Australia.
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The tin, which was supplied by the Bureau of
Analysed Samples, Ltd., England, contained the
following impurities : iron, 0-015; antimony, 0-0035;
lead, 0-0025; copper, 0-001; and bismuth, 0-0003
at.-%.

II.—EXPERIMENTAL

The alloys were made by melting together weighed
amounts of titanium and tin in an argon-arc furnace
of the type developed by Kroll.5 Both metals were
initially in lump form. The commercial titanium had
been previously melted in the arc furnace; pieces of
refined titanium were taken direct from the “ as-
deposited ” bars.

The metals mixed readily during melting, and
losses due to spitting and fuming were small. Most
of the alloys were analysed, and a comparison of the
analytical results with the nominal compositions
showed that losses during melting comprised a little
tin and practically no titanium. For practical pur-
poses, the composition of an alloy could be calculated
from the mass of titanium used and the mass of the
final ingot, assuming the difference to be the mass of
tin in the ingot. This calculated value will be termed
the synthetic composition.

In the text of this paper all alloy compositions will
be reported in at.-% tin, and the analytical results
rather than synthetic compositions will be used for
alloys which were analysed.

The *ingots ” were limited in weight to about
2 g. Such small specimens cooled rapidly after the
arc was switched off, and the sudden chilling
minimized macro-segregation during solidification.
After the first melting operation, the ingots were
allowed to solidify and were then inverted and re-
melted. This was repeated two or three times to
ensure thorough mixing of the component metals in
the liquid state. A cross-section through each ingot
was examined to ascertain the as-cast structure and
to check its uniformity.

Alloys containing not more than 13-5 at.-% tin
could be mechanically worked at about 700°-800° C.
They were hammered in this temperature range in
order to facilitate the attainment of equilibrium in
subsequent heat-treatments. The superficial oxide
layer formed during hot working was removed by
first grinding the surface and then pickling in a
mixture of concentrated nitric acid (80% by volume)
and concentrated hydrofluoric acid (20%).

Specimens for heat-treatment were sealed in small,
clear silica bulbs in which the pressure had been
reduced to approximately 5 X 10~3 mm. mercury.
Each bulb had a volume of only 0-1-0-2 c.c., so that
residual gases after evacuation would cause little or
no contamination of the specimen during subsequent
heating. To minimize diffusion of atmospheric gases
through the silica envelopes during heat-treatments,
the bulbs were placed inside a continuously evacuated
silica tube in which the pressure was kept below 10“2
mm. mercury. The temperature of the furnace
could be maintained within £2° C. of the required
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value. For treatments above 950° C. the minimum
period of heating necessary to produce a practically
stable structure was found to be of the order of 2-3 hr.
At temperatures in the range 700°-900° C. the
duration of heating had to be increased to at least
5 hr. Most of the heat-treatments consisted in
heating the specimens up to the required temperature,
maintaining them at that temperature for the
necessary time, and then quenching into water.
Some of the treatments involved first heating the
specimens to 100°-200° C. above the quenching
temperature, then cooling to the latter, holding at
that temperature, and finally quenching. Quenching
was effected by rapidly withdrawing the tube enclosing
the specimens from the furnace and tipping the
specimen bulbs into a shallow dish of water. After
entering the water the bulbs were broken by a light
blow from a hammer.

During the heating and subsequentwater quenching,
slight superficial contamination of the alloys occurred.
Care was taken in removing the contaminated layer,
especially from specimens intended for Debye-
Scherrer  X-ray-diffraction  experiments. For
practically all the X-ray-diffraction work, small,
solid specimens were used. These were initially
prepared in the form of small prisms, approximately
1-5mm. square by 8 mm. long. After heat-treatment,
the prisms were pickled in the nitric acid-hydro-
fluoric acid mixture described above until the cross-
sectional width was reduced to 0-5-0-8 mm. This
ensured removal of the contaminated surface as well
as producing specimens with dimensions convenient
for Debye-Scherrer experiments.  Microscopical
examination of two-phase alloys prepared as outlined
above revealed no significant evidence of preferential
dissolution of one phase.

Cobalt Ka. radiation was employed in all the X-ray
experiments, photographic records being made with
an 1146-cm.-dia. powder camera which had been
calibrated by means of 99-986% silver and spectro-
scopically pure copper. All calculations of lattice
parameters were carried out by Cohen’s method of
least squares.

Specimens for metallographic examination were
pickled to remove the contaminated surface layers,
roughly polished by means ofwaterproof carborundum
papers, and finally polished by hand on fine linen laps
furnished with diamond dust. An aqueous solution
containing 2 wt.-% nitric acid and 1 wt.-% hydro-
fluoric acid was used to etch most of the alloys. A
similar etchant, but containing a higher concen-
tration of hydrofluoric acid (up to 3 wt.-%) was used
in some cases to reveal more markedly the fine,
acicular structure which results from a rapid p -> x
transformation occurring during a quench.

The effect of tin on the freezing point of titanium
was ascertained by following the cooling of the alloys,
after melting in the arc furnace, with the aid of a
disappearing-filament optical pyrometer. On account
of the rapidity of cooling in the arc furnace, consider-
able undercooling is likely to occur. Moreover, the
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effect of tin on the emissivity of titanium is not
known. The freezing ranges of the alloys could thus
be estimated only very approximately.

IV.—ALLOYS MADE WITH COMMERCIAL
TITANIUM

1. Alloys Used
The alloys made in the course of the exploratory
investigation are listed in Table IlI. Losses during

Table II.—Alloys Made with Commercial Titanium.

Analytical Result
Synthetic Composition,
at.-% tin

Tin, at.-% Tin, wt.-%
3-3 34 8-0
5-3 5-4 120
7-5 7-7 16-9
10-0 9-9 21-6
11-1 11-2 23-8
11-5 114 24-2
15-3
17-0
18-6 18-7 36-3
219 22-0 4M
23-2 23-5 43-0

the melting of the 15-3 and 17-0 at.-% tin alloys were
only very slight, and therefore these alloys were not
analysed.

2. Freezing Ranges and As-Cast Structures

Addition of tin lowered the freezing point of
titanium, the greatest depression, of the order of 150°-
200° C., being noted at 17-0 at.-% tin. There seemed
to be comparatively little difference between the
freezing ranges of the 18-7, 22-0, and 23-5 at.-% tin
alloys; all these alloys appeared to start solidifying
only 50°-100° C. below the freezing point of titanium.

In the as-cast condition, alloys containing from
3-4-11-4 at.-% tin exhibited a columnar macro-
structure. On a microscopic scale there was a fine,
acicular structure, similar to that shown in Fig. 7
(Plate LXXXI), resulting from the 8 -> a transforma-
tion during rapid cooling. Hence it would appear
that alloys containing up to 11-4 at.-% tin crystallized
as columnar grains of 3 solid solution which sub-
sequently transformed rapidly to a solid solution
during cooling to normal temperatures. The alloy
with 15-3 at.-% tin consisted partly of a constituent
having the fine acicular structure represented in
Fig. 7, the remainder being a fine mixture of phases
arranged in lamellar form. The 17-0 at.-% tin alloy
consisted wholly of this fine, lamellar mixture. As-
cast alloys containing 18-7, 22-0, and 23-5 at.-% tin
consisted largely of a slightly cored, dendritic con-
stituent surrounded by a matrix with a fine, duplex
structure. The dendritic constituent, which had
obviously crystallized before the matrix, was found
to be an intermediate phase, which will be termed
the y phase.

The Structure of Titanium-Tin Alloys in the Range 0-25 at.-% Tin
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The evidence presented above suggests that there
is probably a eutectic point close to 17 at.-% tin, the
solid constituents involved in the eutectic trans-
formation being the y phase and [i solid solution with
a tin content between 11-4 and 15-3 at.-% tin.

3. Microstructures oe Heat-Treated Alloys

The microstructures of alloys quenched from
temperatures in the range 650°-1100° C. are repre-
sented graphically in Fig. 1. These results indicate
that the solid solubility of tin in the a form of the
commercial titanium lies between 7-7 and 99 at.-%
in the range 650°-860° C. From 1020° to 1100° C.
the solubility of tin in the p modification of the metal
also appears to lie in the region 7-7-9-9 at.-%. Fine

TIN. ATOMIC PER CENT.

Fig. 1L.—Results of Quenching Experiments on Alloys Made
with Commercial Titanium.

Key.

Constituent with fine, acicular structure, as shown in Fig. 7 (Plate LXXXI).
Single phase (bright etching).

Mixture of bright-etching phase and constituent with fine, acicular structure.
Mixture of two bright-etching constituents.

Determined from X-ray diffraction results.

xgeo*

acicular structures like that shown in Fig. 7 (Plate
LXXXI1) and represented by the symbol « in Fig. 1
are taken as evidence of a rapid S-> a transformation
having occurred during water-quenching. Hence the
area above the boundary BE in Fig. 1is marked p.

Only the low-tin boundary (GHI) of the y phase
field was determined. It was found that the etching
characteristics of the y phase were similar to those of
the 7-7 at.-% tin a solid solution.

The (a-f-y) structures were very fine, and all
exhibited a Widmanstatten pattern like that shown
in Fig. 8 (Plate LXXXI). The microstructures of
alloys quenched from the (p-f-y) field (FEDHI in
Fig. 1) were similar to the (« + y) structures, except
that some regions possessed the fine, acicular structure
which results from the rapid p->a change. This
fine, acicular structure was not well developed in the
fine-grained y + acicular a mixtures, and it could be
clearly revealed only by relatively deep etching.
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The structures of alloys quenched from the area
ABED in Fig. 1, i.e. between the a and {3fields, were
very much coarser than those of alloys quenched
from the (i3-f-y) and (a + y) fields (cf. Figs. 8 and 9,
Plate LXXXI). Because of the similarity in etching
characteristics of the a solid solutions and the y phase,
it was impossible to identify, with certainty, the
bright-etching constituents in the alloys quenched
from the field ABED. Attempts to distinguish
between the saturated a solid solutions and the
y phase by microhardness tests were unsuccessful
because the microhardnesses of these phases proved
to be similar.

4. Debye-Scherrer X-Ray-Diffraction

Observations

The X-ray-diffraction results are summarized,
together with pertinent metallographic results, in
Table 111. By combining the two sorts of evidence
for each quenching experiment, the structure at the
quenching temperature can be deduced in each
instance. The deductions are included in Table I11.

Tabte IlIl.—X-Ray-Diffraction Results and Metallo-
graphic Observations for Alloys Made with Com-
mercial Titanium.

Structure at

Phases Quenching

IdentiGed Temp.,

Tin Quenching

Content, T o Mi tmct ° Deduced from
;{?_UEAT eglnp Iicrostmcture S?Ai(a_c':tllz)rll Mlgr:gst)[&l'gt:;;e
Results
34 { 1000 AllAC. Strained a B
850 All B.E.C. a a
r 1000 AllAC. Strained a p
5-4 t 950 A.C.+ B.E.C. Strained a a+ P
1 850 AU B.E.C. a a
1020 All AC. Strained a P
7-7 /I 950 AC. + B.E.C. Strained a a+ P
850 All B.E.C. a a
r 1050 AC.-fB.E.C Strained P+y
9-9 a(+y?)
S50 2B.E.C.’s a(+y?) a+y
| 700 2B.E.C.%s a(+ y?) a+y
) 1000 AC. + B.E.C. Vv P+
12 { “g5 2BECS aty as+y
£ 1100 AC. + B.E.C. Vv P+y
. 950 AC.+ B.EC. P+
U430 550 2BECS aly nty
700 2B.E.C.s a+ty aty
g 1000 B.EC. + AC P+ Y
1S7{ “g50 2BEC v T+ Y
1000 BEC. + AC Y+ 0
220{ “g5 2 BEC.S y Y+a
1000 All B.E.C.
2354 “g5  ANBELC. y y

* A.C. = Constituent with fine, acicular structure.
B.E.C. = Bright-etching constituent.
Heavy typo denotes the preponderant phase.

It will be noted that the diffraction experiments
confirmed the existence of an a solid solution field
extending to a limit between 7-7 and 9-9 at.-% tin.
Fig. 2 shows the lattice-parameter/tin-concentration
relationship for a phase in alloys containing up to
114 at.-% tin. These data indicate that the limit

The Structure of Titanium—in Alloys in the Range 0-25 at.-% Tin

of solubility of tin in the a form of the commercial
titanium is 9-3 at.-% at both 850° and 700° C.

Alloys consisting entirely of the constituent with
the fine, acicular structure (cf. Fig. 7, Plate LXXXI)
were shown to possess a strained hexagonal close-
packed lattice structure like that found in the com-
mercial titanium after quenching from the @ range.
Diffraction lines at Bragg angles in excess of 60°
were broad and the og, a2doublets were not resolved
in the highest-angle reflections. The broadening of
the lines was greater, the higher the tin content. The
high-angle reflections from the 7-7 at.-% tin alloy
quenched from 1020° C. were so broad that they
were not easy to detect.

The patterns from the 23-5 at.-% tin alloy were the
same for both quenching temperatures (1000° and

C

0 5 10 IS
TIN. ATOMIC PER CENT.
Fig. 2.—Lattice Parameters of a Phase in Alloys Made with
Commercial Titanium.
Key.

O Single-phase alloj3 water-quenched from 850° 0.
O Duplex alloys water-quenched from 850® and 700® 0.

825° C.) and were found to comprise a set of lines
practically identical with the spectrum of the high-
tin a solid solutions together with a set of weaker lines.
All the reflections could be indexed on the basis of
a hexagonal lattice with c/a — 0-80 approximately,
and it was apparent that the phase designated y in
Fig. 1 possessed an ordered structure based on the
hexagonal close-packed structure. In Table IV are
listed the indices assigned to the reflections, together
with the observed values of (1/d)2 and line inten-
sities. The calculated values of (1/d)2 included in
Table IV were derived from the expression (1/d)2=
0-03810(/i2+ hk -)- k2 + 0-04406 12 It will be noted
that the calculated and observed values of (1/d)2agree
reasonably well. The parameters of the structure
cell calculated by the method of least squares from
the (40-3), (30-4), (42-1), and (22-4) reflections were:
c= 4768+ 0-004 A., a= 5922+ 0-005 A., c/a=
0-805. It will be noted that (Jih. 1) reflections were
absent when I” 2n; this indicates space group
DigA 06 jmme or a sub-group thereof.

The diffraction data in Table IV were compared
with Pietrokowsky’s 3 results for the “ compound ”
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TixSn, and it becomes apparent that the lattice
structure of the 23-5 at.-% tin alloy was practically
identical with that of Ti3Sn. Hence it can be con-
sidered that the y phase is based on Ti3Sn, which,

Table IY.—X-Ray Diffraction (Debye-Scherrer) Data
for 23-5 at.-% Tin Alloy, Water-Quenclied from
825° G. (y phase).

) Relative G/d)>
hi.l Intensity
Observed

Observed Calculated
10-1 M 0-0820 0-0822
11-0 W 0-1146 0-1143
20-0 M 01529 0-1524
00-2 S 0-1764 0-1763
20-1 VS 0-1968 0-1965
10-2 A 0-2140 0-2144
11-2 W 0-2912 0-2906
21-1 W 0-3112 0-3108
20-2 M 0-32S9 0-3287
22-0 M 0-4579 0-4572
20-3 S 0-5493 0-5490
22-2 M 0-6336 0-6334
40-1 M 0-6544 0-6536
00-4 M 0-7045 0-7050
40-2 W 0-7807 0-7858
11-4 VW 0-8190 0-8193
20-4 M 0-8575 0-8574
32-2 w 0-8982 0-9001
21-4 0-9717
a2} ow 0-9758  {  0.9763
50-1 VW 0-9971 0-9965
40-3 M 1-0070 1-0061
30-4 W 1-0500 1-0479
42-0 W 1-0668 1-0667
00-5 W 1-1006 1-1015
42-1 M 1-1101 1-1108
10-5 " 1-1403 1-1396
22-4 S 1-1614 1-1622

V.S —Verystrong. S= Strong. M= Medium. W = Weak.

VW = Very weak.

as reported by Pietrokowsky, possesses the D0Dtype
structure.

Examination of the diffraction patterns for the
11-2, 114, and 18-7 at.-% tin alloys quenched from
the (a ) field in Fig. 1 (p. 523) revealed that almost
the whole spectrum of the y phase was present. The
only definite evidence of the presence of a phase
was the (114) reflection which was sufficiently
distant from the (224) reflection of the y phase to
be distinguished and measured accurately. All the
other reflections from the « phase were apparently
so close to the corresponding reflections from the
y phase as to be indistinguishable therefrom. This
introduced some uncertainty into the calculation of
lattice parameters for the phases in (a + y) mixtures.
However, since there was a preponderance of « phase
in the 9-9, 11-2, and 11-4 at.-% tin alloys quenched
from 860° C. or lower, diffraction patterns from these
could be used to estimate the lattice parameters of
a solutions saturated with tin.

The 22-0 at.-% tin alloy quenched from the
(a+ y) range contained such a high proportion of
y phase that the (114) reflection from the a con-
stituent could not be detected. Therefore the lattice

The Structure of Titanium-Tin Alloys in the Range 0-25 at.-% Tin
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parameters of y phase saturated with titanium could
be calculated from the diffraction patterns for the
22-0 at.-% tin specimens. The actual values were :
c = 4-762 £ 0-004 A., a = 5916 + 0-005 A, c/a =
0-805. These values pertain to a specimen quenched
from 825° C.

Diffraction patterns for the 11-2, 11-4, and 18-7
at.-% tin alloys quenched from the (j3+ y) field in
Fig. 1 (p. 523) all showed evidence of the presence
of the y phase. The patterns from the 9-9, 11*2,
and 11-4 at.-% tin specimens seemed to contain
weak, broad (11-4) reflections from strained a phase,
but in this respect the evidence was not conclusive,
except perhaps for the 9-9 at.-% alloy.

The diffraction patterns of alloys quenched from
the field ABED in Fig. 1 (p. 523) were all rather
similar to those of alloys quenched from the i3 field.
There were no indications of the presence of y phase.
These results suggest that the area ABED can be
correctly described as the (a il field. An alloy
quenched after being brought to equilibrium as an
(a-j- i3 mixture would contain strained a phase,
formed from [3 during quenching, together with
comparatively strain-free a. Broad reflections from
the strained a would naturally tend to mask sharp
reflections from strain-free a.

5. Summary

The exploratory investigation has shown that tin
depresses the freezing point of titanium. There
seems to be a eutectic point at about 17 at.-% tin,
the temperature being of the order of 200° C. below
the freezing point of the commercial titanium.
Constituents of the eutectic mixture are a solid
solution of tin in j3-titanium and an intermediate
phase designated y.

It has been revealed that tin dissolves to the extent
of approximately 9 at.-% in both forms of the com-
mercial titanium. It has also been shown that tin
causes a slight elevation of the a * {3transformation
range in the titanium. This suggests a peritectoid
system. However, the experiments on the com-
mercial-purity alloys did not yield any conclusive
evidence of an @” 3+ y reaction. Probably the
chief reason for this is the broad transformation
range (870°-960° C.) in the commercial titanium.
The impurities which produce this effect would almost
certainly cause a peritectoid type of transformation
to occur over a considerable temperature range.

The effect of tin on the lattice parameters of
a-titanium is worthy of note; the c parameter is
appreciably increased by addition of tin, whereas a
is only slightly expanded. The c/a ratio for the
saturated a solid solution is 1-600 as compared with
1-588 for the commercial titanium.

Quenching in water does not cause solid solutions
of tin in the j3-form of the commercial titanium to be
retained with their high-temperature crystal structure.
During the quench, a rapid {3-> a change occurs with
the production of a constituent which, on etching,
exhibits a characteristic, fine acicular microstructure.
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The intermediate phase y has an ordered hexagonal
crystal structure. It can be considered as based on
Ti3Sn, which, as shown by Pietrokowsky,3 has the
DO019type structure. The interatomic distances in
the y phase are close to those of tin-saturated a
solutions.

V.—ALLOYS MADE WITH REFINED
TITANIUM

1. Alloys Used

Compositions of alloys used are listed in Table Y.
There was satisfactory agreement between the
analytical results and the synthetic compositions up

Table VvV.—Alloys Made with Refined Titanium.

Analytical Results

Synthetic
Composition,
nt-% tin Tin, at.-% Tin, wt,-%
34 35 52
0-35 6-5 14-4
85 85 18-9
lid 11-0 23-6
13-15 133 216
21-2
24-0

to 13-3 at.-% tin. The 21-2 and 24-0 at.-% tin
alloys were not analysed, because the losses during
the melting of these alloys were very slight and it was
considered safe to use the synthetic compositions.

2. Freezing Ranges and As-Cast Structures

In general, the observations were in agreement
with those reported for the commercial-purity alloys.
Addition of tin up to 13-3 at.-% tin depressed the
freezing point of the refined titanium. The depression
was of the order of 150° C. at 13-3 at.-% tin. The
21-2 and 24-0 at.-% tin alloys started to solidify at
temperatures only about 50° C. below the freezing
point of the titanium.

The structures of as-cast alloys containing 3-5-
13-3 at.-% tin were very similar to those already
reported for the commercial-purity alloys with 3-4-
11-4 at.-% tin. The structure of the 21-2 at.-% tin
alloy as cast resembled that of the 18-7, 22-0, and
23-5 at.-% tin commercial-purity alloys in the same
condition, and the 24-0 at.-% tin alloy consisted
entirely of slightly cored, dendritic grains of y phase.

3. Microstructures of Heat-Treated Alloys

The results of experiments covering the range
600°~1120° C. are set out in Fig. 3. There is a
general similarity between these results and those
presented in Fig. 1 (p. 523) for alloys made with the
commercialtitanium. However,the quenching experi-
ments on the purer alloys have given a much clearer
picture of the phase relationships in the range 850°-
900° C., especially in respect to the a ~ 3transforma-
tion range. Results>for this range are presented in
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greater detail in Fig. 4, from which it is apparent that
the boundaries of the (a + 3 field are depressed by
the addition of 3-5 at.-% tin; with further additions
of tin, the (a-f [ range is elevated up to about
880° C.

Two types of heat-treatment were used to locate
the boundaries ofthe (@+ 3 field : (a) Simply heating

TIN. ATOMIC PER CENT.

Fig. 3.—Results of Quenching Experiments on Alloys Made
with Refined Titanium. Key as in Fig. | (p. 523).

the specimen to the quenching temperature and
maintaining it at that temperature for at least 5 hr.
before quenching (see Fig. 4 (a)). (b) First heating
the specimen at 1000° C,, i.e. in the 3field, for 1-2 hr.,
then cooling it in the furnace to the desired tem-

--------- 1@~ r
ft 0 o o
8 010 ©- o] / ©-
A/© O
& r/S- R
\c\ Nt | A
- § -k § 78 xo- H X «W j -
[e] a | Q 1
- . . J—.

TIN, ATOMIC PER CENT

Fig. 4—Results of Quenching Experiments on Alloys Made with
Refined Titanium, (a) Alloys heated to desired temporaturo
and water-quenched. (6) Alloys heated to 1000° C., cooled
to desired temperature, and quenched. Key as in Fig. 1
(p. 523).

perature, at which it is maintained for at least 5 hr.
and finally quenching it (see Fig. 4 (6)).

There was good agreement between the results in
respect of the ct/(a+ 3 boundary, but the j3/(a - i3
boundary determined by heat-treatments of type (a)
was a little higher than that deduced from experi-
ments of type (6). This discrepancy indicates that
the times of heating at the quenching temperatures
were not quite sufficient to permit equilibrium to be
attained. However, it can be assumed that the
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equilibrium j3/(a+ (3 boundary lies between tlie two
(3(=x+ (3 boundaries shown in Fig. 4.

The results presented in Figs. 3 and 4 indicate
that there is a peritectoid horizontal at about 885° C.
The most interesting metallographic evidence relating
to the peritectoid transformation is shown in Figs. 10
and 11 (Plate LXXXI), which represent the structures
found in the 11-0 at.-% tin alloy after quenching
from 880° and 890° C., respectively. Heating from
880° to 890° C. caused a change from a relatively
coarse-grained, almost single-phase (a) structure to
a very fine, duplex structure. This fine structure was
observed even when the rate of heating through the
range 880°-890° C. had been as low as 0-2° C./min.
Further, the structure could be coarsened only slightly
by heating at temperatures in the range 1000°-
1100° C. for 2 hr.  As shown in Fig. 11, the quenched
peritectoid mixture consisted of roughly equiaxed
particles in a matrix with an acicular structure.
Apparently the continuous phase had been @3 solid
solution which had transformed to a during the
quench. X-ray-diffraction experiments, the results
of which will be discussed in the next section, proved
the existence of y phase in the 11-0 at.-% tin alloy
quenched from 900° C. or higher; hence it can be
taken that the fine particles in the peritectoid mixture
were y constituent.

4. Debye-Scherrer X-Ray-Diffraction
Observations

The X-ray-diffraction results for the purer alloys
are presented, together with the corresponding
metallographic results, in Table VI. The table also

Table VI.—X-Ray-Dijfraction Results and Metallo-
graphic Observationsfor Alloys Made with Refined

Titanium.
oh S(t?ructur:_e at
Ti hi a_se_s uenching
C&I{EABL Q‘Llj'grécp_l,ng Microstructure * é‘;e';(t_'gg‘; TefToprﬁ E/Ieiglyoc-ed
! Diffraction structure and
X-Ray Results
3.5 { 887 xUl A.C. Strained a P
850 All B.E.C. a a
- 887 All A.C. Strained a P
65 865 A.C. + B.E.C. Strained a «+ I8
845 All B.E.C. a a
950 All AC. Strained a =]
890 A.C. + B.E.C. y P+
8*5 m  g75 AC.+ B.E.C. Strained a at P
865 All B.E.C. a a
1120 AC. + B.E.C. y P+y
900 AC. + B.E.C. y P+y
110« 870 2B.E.C.s a a+y
850 2 B.E.C.’s a a+y
700 2 B.E.C.s a a+y
_ 900 A.C. + B.E.C y P+y
183 { 875 2B.E.C.s a+ y a+ y
_ 1000 B.E.C. + AC Y+ P
-2 { 850 2 B.E.C.’s z Y+«
1000 All B.E.C. y
240{ “g50 AN BEC. ) y

A.C. = Constituent with fine, acicular structure.
B.E.C. = Bright-etching constituent.
Heavy type denotes the preponderant phase.
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includes deductions based on the results. These
deductions are in general concordance with those
given in Table I1P (p. 524) for alloys based on the
commercial titanium.

The lattice-parameter/composition relationship for
the a phase (Fig..5) revealed that the limit of solubility
of tin in the oc-form of the refined titanium was 10-5
at.-% at 870° C. and just over 10 at.-% at 850° and
700° 0. These values are higher than those already
reported for alloys based on the commercial-purity
titanium, viz. 9-3 at.-% tin at 850° and 700° C.

The lattice parameters of the titanium-saturated
y phase were determined by experiments on 21-2
at.-% tin specimens quenched from 850° and 1000° C.

S 10
TIN. ATOMIC PER CENT.

Fig. 5.—Lattice Parameters of a Phase in Alloys Made with
Refined Titanium.

Siugic-phase alloys water-quenched from 8-10°-S50° C.
Duplex alloys water-quenched irom temperatures shown.

For both quenching temperatures, the cell dimensions
were : ¢ = 4-758+ 0-004 A., a = 5-915+ 0-005 A,
c/a = 0-805. The parameters of the 24-0 at.-% tin
alloy quenched from 850° C. were ¢ = 4-7G6 A 0-004
A., a= 5-920 = 0005 cla = 0-805. These data
may be compared with the values reported by
Pietrokowsky 3 for Ti3Sn made with refined titanium,
viz., ¢ = 4-764+ 0-004 A., a= 5916+ 0-004 A,
c/a —0-805.

X-ray reflections for the y constituent of quenched
peritectoid mixtures in the 11-0 at.-% tin alloy were
broad, and this was attributed partly to the fineness
of the y phase in these mixtures. The breadth of the
diffraction lines could be reduced only a little by
heating the peritectoid mixture for 1 hr. at 1120° C.
This result is in conformity with the metallographic
observation, already mentioned, that the peritectoid
structures could be coarsened only slightly by heating
to temperatures as high as 1100° C.

5. D iscussion

Perhaps the most interesting feature of the system
is the comparatively small effect of tin on the tem-
perature of the transformation in titanium.
All the a » 3changes occur in the range 845°-890° C.
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Another point of interest is that the solid solubility of
tin in a titanium at 700° C. is only a little less than
itis at 870° C.

Most of the metals which have atomic sizes close
to that of titanium form more or less extensive
P solid-solution series, but only very restricted
a solution ranges. However, tin must be classed as
a member of a very small group of metals which have
atomic sizes similar to that of titanium and which
dissolve to an appreciable extent in both forms of
titanium. The other metals in this group are
zirconium and aluminium. Unfortunately, it does
not seem possible at present to offer any satisfactory
theoretical explanation of these facts.

Recently McPherson and Hansen 6 reported that
tin elevates the a » (3range of zirconium, there being
a peritectoid point at about 8 at.-% tin and 980° C.
In respect to some general features, the titanium-rich
portion of the titanium-tin system is similar to the
corresponding part of the zirconium-tin system.
This, of course, is not surprising in view of the
physical and chemical similarities of titanium and
zirconium.

VI.—HARDNESS OF HEAT-TREATED
ALLOYS

The effects of tin content and heat-treatment on
hardness were determined for both groups of alloys,
and the results are given in Fig. 6. It was found that
tin hardened a-titanium appreciably, the effect being
greater in alloys in which the a phase had the acicular
structure produced by quenching from the p field.
However, the effects of heat-treatment were small,
except perhaps for the 7-7 at.-% tin alloy made with
commercial titanium.

The hardness of the y phase was about 100 D.P.N.
lower than that of the high-tin a solid solutions.
This explains why the maxima in the hardness/com-
position curves occur at, or near to, the « solid-
solution limits.

Despite its comparatively low hardness, the y phase
could not be forged either at normal temperature or

The Structure of Titanium-Tin AUoys in the Range 0-25 at.-% Tin

in the range 600°-800° C. The brittleness of this
constituent Vas in marked contrast to the ductility
of the harder, high-tin « solid solutions. The latter
could be distorted to a very considerable extent at

TIN. ATOMIC PER CENT.

Fig. 6.—Diamond Pyramid Hardness of Heat-Treated Alloys
Made with (a) Commercial Titanium and (b) Refined Titanium.

Key.
Water-quenched from fi and (/3 4-y) fields,
950° O.
O Water-quenched from a and (a y) fields, (a) 850° C., (6) S15°-870° O.

(a) 950°-1000° O., (6) 900°-

about 700° C., and they would withstand an ap-
preciable amount of cold forging before starting to
crack.
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SOME OBSERVATIONS ON CREEP AND FRACTURE

FROM

INVESTIGATIONS ON LEAD

CABLE-SHEATH ALLOYS*

By A. LATIN,t Ph.D., M.Eng., F.I.LM., Member

SYNOPSIS

Tests have been conducted, both at constant internal pressure and at constant hoop stress, on
lead and lead alloys chiefly in the form of pipe as extruded for cable sheathing. The results have
given some indication of the effects of alloy additions, of grain-size, and of prior deformation
(coiling over a drum) upon fracture and general ductility under creep. Some alloy additions,
notably antimony (e.g. 0-35%) and tellurium (0-01%), appear to promote considerable embrittle-
ment at slow creep rates, and to some extent their effects have been related to time-dependent
(ageing) changes. In several eases, however, poor ductility at slow creep rates does not appear
to have any connection with such ageing changes.

Some theoretical concepts are offered, based on the view that intercrystalline cracking in
creep results from the occurrence of elastic strain fields at certain grain-boundary localities, as a
result of structural and flow heterogeneities. Particularly poor ductility, it is considered, arises
from augmentation of such elastic strains by effects due to the alloy additions concerned and to

other factors.

I.—INTRODUCTION

The fractures resulting from the creep of lead and
lead alloys as extruded for cable sheathing change
from ductile types at moderate creep rates, or more
rapid strain rates, to intercrystalline forms at slow
creep rates. This has also been observed in other
metals and alloys. The ductility, as measured by
the general extensions reached at the time of fracture,
can also vary notably with the creep conditions.
For some alloys at least, very low ductility values
are obtained at small creep rates. The chief object
of the present paper is to record some observations
and views on these matters, based on investigations
connected with the development of sound sheathing
for types of electricity-supply cables operating under
pressure of gas or oil.

I.—METHODS OF INVESTIGATION

Investigations were carried out chiefly on materials
extruded in the form of pipe (approximate range of
sizes 2-3 in. dia., 0-1-0-13 in. wall thickness) on
cable-sheathing presses of both the ram type (in-
cluding an experimental press and a factory press
fitted with liquid-lead seall) and the Pirelli continuous
(screw) type.2 The lead used was of Tadanac or
Broken Hill grades of high purity (better than
99-95%) and lead of similar quality was used for the
alloys.

Samples (each of 3 or 4 yards length) of the ex-

truded pipe were submitted to internal pressures
* Manuscript received 22 April 1952; in revised form
5 November 1952.
f Head of the Department of Metallurgy and Chemistry,

calculated to give a suitable range of fracture times
from a few hours to several thousand hours. Details
of procedure have been described previously.34 In
one series of tests the pressure was maintained con-
stant in each sample; in another series the hoop
(circumferential) stress in the pipe wall was kept
constant by suitably decreasing the pressure as creep
progressed. The majority of these latter tests were
conducted at a temperature thermostatically con-
trolled at 27° C. (£2° C. maximum variation); the
former tests were conducted at room temperature.
The constant-stress tests were carried out on samples
kept straight during and after extrusion so as to be
as strain-free as possible initially. The constant-
pressure tests were carried out both on similar samples
and on samples taken from coils on cable drums.
These will be referred to as “ straight lengths ” and
“drum lengths ”, respectively. Samples of pipe
were also tested for changes resulting from pro-
longed standing (“ ageing ) for times up to several
thousand hours after extrusion, the creep and fracture
characteristics being compared with those of samples
tested shortly after extrusion.

Some creep tests at constant uniaxial stress were
conducted on samples of strip (4 in. gauge-length,
i in. width) taken from pipe or extruded as strip.
A “ hyperbolic pulley ” method due to Pearson 0was
used, constancy of stress being achieved within 2%
maximum error, as judged by calibration. Tests
have also been made with a new apparatus 0designed
to eliminate friction. The temperature was thermo-
statically controlled at 28°+ 1°C.

National Coal Board, Central Research Department Il, Isle-
worth, Middlesex; formerly at the Research Department,
British Insulated Callender’s Cables, Ltd., London.
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Nominal Composition

Pure Lead

0-2% Sn

0-075% Cd

0-2% Sn, 0-075% Cd

0-49% Sn, 0-15% Cd

0-4% Sn, 0-2% Sb

Pure Lead

0-4% Sn, 0-2% Sb

0-35% Sb

0-009% Te

0-015% Te

Latin : Some Observations on Creep and Fracture from

0-1% Sn, 0-005% Ag j Screw

Tabie |I.— Results of Tests of Pipe Samples at Constant Pressure.
. . General
. Initial Hoop Time to : Mean Creep
T Mean G ! Diametral T f
of F}’IIPeZS Dei?\r.], mrr?ll.n I?)tylerfs* Fa”:;"re’ E)!?)r;nesir:n, 02%? Fré?tife 0 Eeraarks
Rum 0-75 830 27-5 11-7 0-43 KE Wide scatter of extension (6 to
600 518 11-3 0-022 KE 12%). Straight lengths.
450 11,600 9-6 0008 1C
Ram 0-35 800 491 13-0 0-027 KE Analysis gave 0-21% Sn.
600 3,338 14-8 0-0044 KE Straight lengths.
500 11,354 15-8 0-0014 SI
Screw 0-5 800 213 10-1 0-048 KE Analysis gave 0-21% Sn.
600 1,518 12-6 0-0084 KE Straight lengths.
500 9,381 13-4 0-0014 IC
Ram 0-25 800 479 14-1 0-03 KE Analysis gave 0-06% Cd.
700 1,455 18-3 0-013 KE Straight lengths.
600 4,235 17-9 0-004 KE
Screw .0-45 800 946 20-5 0-021 KE Analysis gave 0-05% Cd.
700 1,903 17-0 0-0089 IC Straight lengths.
600 7,697 12-6 0-0016 IC
Ram 0-25 1,180 297 15-5 0-063 KE Analysis gave 0-23% Sn,
800 3,860 16-5 0-0045 IC 0-066% Cd. Straight lengths.
650 5,380 11-6 0-0022 IC
Screw 0-5 1,250 39 14-0 0-36 KE Analysis gave 0-18%  Sn,
800 2,500 5-8 0-002 IC 0-064% Cd. Straightlengths.
Ram 0-2 1,300 180 19-4 0-108 KE Alloy Cto B.S. 801. Straight
1,200 263 23 0-087 Sl lengths.
1,000 1,490 19-9 0-013 IC
800 3,466 129 0-0038 IC
Screw 0-4 1,400 94 12-1 0-128 KE Straight lengths.
1,300 120 13-2 0-11 Sl
1,200 489 10-2 0-021 IC
800 3,283 3-2 0-00096 IC
Screw 0-4 1,400 361 8-3 0-023 IC Drum lengths.
1,300 542 6-8 0-013 IC
800 5,583 17 0-00029 IC
Ram 0-25 1,400 89 18-5 0-21 IC Alloy E to B.S. 801. Analysis
1,000 3,990 9-3 0-0023 IC gave 0-34% Sn, 0-21% Sbh.
800 6,318 5-4 0-0008 IC Straight lengths.
Screw 0-7 650 1,065 7-7 0-0072 KE Drum lengths.
550 2,882 9-9 0-0034 KE
460 31,106 12-1 0-00032 IC
Screw 0-3 1,400 66 16-0 0-24 IC Knife-edge fracture at higher
1,000 1,129 7-5 0-0066 IC strain rates. Drum lengths.
800 8,280 4-0 0-00048 IC
500 44,600 1-95  0-000044 IC
Screw 0-3 1,400 21 17-3 0-82 Si Knife-edge fracture at higher
1,100 728 9-1 0-048 IC strain rates. Drum lengths.
500 31,530 3-7 0-00012 IC
Screw 0-5 1,125 43 21-1 0-49 Sl Knife-edge fracture at higher
1,000 238 16-0 0-011 1C strain rates. Drum lengths.
500 37,188 2-3 0-000062 IC
Screw 0-7 1,100 52 16-3 0-31 1c Knife-edge fracture at higher
1,000 156 10-3 0-055 1C strain rates. Drum lengths.
500 26,400 2-2 0-000083 1C
0-5 1,250 87 9-4 0-11 IC Knife-edge fracture at higher
1,100 288 6-1 0-021 IC strain rates. Drum lengths.
650 3,120 15 0-00049 IC

1

* KE represents knife-edge splits, IC represents intercrystalline fracture, and SI (semi-intercrystalline) represents intermediate types.



Investigations on Lead Cable-Sheath Albys

I1.—RESULTS OF TESTS ON PIPE SAMPLES
AT CONSTANT PRESSURE

Several results have been published previously.34
Some further results are summarized in Table I. In
this table the third column represents mean values of
the grain diameter as obtained from counts taken
radially across the pipe wall, the sixth column
represents the mean percentage increase in diameter
away from the fracture location at time of fracture,
and the next column shows the value obtained by
dividing this percentage extension by the number of
hours before failure occurred.

The chief results of significance as regards fracture,
from these and the previous tests, can be summarized
as follows:

(1) The change in type of fracture, from knife-
edge splits to intercrystalline cracks occurred roughly
at a hoop stress of 500 Ib./in.2 and a mean creep
rate of about 0-001%/hr. for the lead, and most of
the alloy additions increased this value. In general,
the change in type of fracture took place over a range
of conditions rather than at a single well-defined
hoop stress or mean creep rate, intermediate forms of
fracture being observed in several tests.

(2) The materials tested fell broadly into two
groups as regards ductility (as measured by diametral
extension) at long times to fracture, (a) There was
no marked extension decrease (although there was
usually considerable scatter of values) even if inter-
crystalline fracture occurred. The unalloyed lead
and some dilute solid-solution alloys, e.g. those con-
taining 0-1% tin or 0-1% antimony, appeared to
belong to this group. Addition of copper (up to
about 0-06%) also appeared to have no deleterious
effects upon ductility at slow creep in pipe free from
undesirable extrusion defects which sometimes result
from copper additions. (b) Alloys containing higher
percentages of antimony, in particular those above the
equilibrium solid-solubility limit (e.g. one containing
0-35% antimony), alloy E (0-4% tin and 0-2%
antimony, conforming to B.S. 801), alloys containing
small percentages of tellurium (about 0-01%), and
some alloys containing silver (e.g. 0-1% tin and 0-005%
silver, tested in drum lengths only) exhibited a marked
decrease in ductility (extensibility) at slow creep
rates. All the alloys tested gave knife-edge fractures
when tested at sufficiently large rates of strain.

(3) In general, ductility at slow creep rates of a
given alloy improved with decrease of grain-size.
This can be seen from the results on some of the alloys
containing tin and cadmium extruded on the ram
press. Similar alloys extruded on the screw press
had a larger grain-size as a result of the use of higher
die temperatures. The effect of grain-size has been
confirmed by some tests on extruded strip of fine
grain-size (e.g. alloy E of 0-05 mm. grain dia.), which
exhibited particularly good ductility at slow creep
rates.

(4) Tests on drum lengths showed that the

pre-
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strain ” involved in coiling had very complex effects
which appeared usually to result in a decrease of
extensibility and in some cases to promote inter-
crystalline fracture. In the case of some alloys, only-
drum lengths were available for test, and the precise
behaviour of these alloys when free from prestrain is
not known. There can be little doubt, however, that
alloy additions had a marked influence per se (see,
e.g., the results in Table | for straight lengths of
alloy E).

IV.—RESULTS OF TESTS AT CONSTANT
STRESS

The well-known equation of Andrade 7 for creep
at constant applied stress can be expressed sufficiently
accurately for application to the tests here described,
in the approximate form :

e—co= P& «.
where e = strain attime tand e0, (3 and k are constants.
Considerable significance is usually attached to the
values of {3 and k, the former corresponding to a
“transient ” creep term, the rate of which decreases
with time, and the latter to a steady creep of constant
rate or, more exactly, of constant “ logarithmic
strain ” rate.
The equation can also be written :

(e—eQr* = B+ K*

A straight line should be obtained on plotting
corresponding values of the left-hand side against f3
if the approximate form of the Andrade equation is
obeyed. The slope of this line gives k, and the value
of 3is given by the intercept at t = 0 on the strain
co-ordinate axis. A suitable value of e0 (a type of
“ adjustment” constant) must be chosen; it was
usually small for the tests here described, and could
be identified more or less with a small initial “ in-
stantaneous ” extension. This method of analysis
is a slightly modified version of that due to Nabarro.8

Constancy of stress in the tests on pipe specimens
was checked by measurements of the final wall
thickness away from the actual fracture locality.
Some results are shown in Table II.

Tabte |l1.—Original and Final Calculated Hoop
Stresses in Pipe Samples Tested at Constant Stress.
Original Final Original  Final

: Hoop Hoop

Material

Outside ~ Wall, Outside Wall, SUress,  Stress, !

Diain ' Dian in IbAin= " Ibfin.» j

Pure Lead. 2-713 0-107 2-985 0-098 450 445 |

0-1% Sn 3-307 0-130 3-582 0-119 550  551-5
0-1% Sh 2-724  0-109 3-100 0-097 650 640
0-06% Cu. 3270 0-131 3-070 0-119 950 957

The results of some tests at constant stress on
unalloyed lead and on alloy E have been published
previously.3 Creep curves for times up to 800 hr.,
obtained for the dilute solid-solution alloys containing
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TIME. HOURS

Fio. 1.—Constant-Stress Creep Curves for 0-1% Tin Alloy Pipe (20° C.).

TIME. HOURS

FiO. 2.—Constant-Stress Creep Curves for 0-1% Antimony Alloy Pipe (28° C.).

Fig. 3.—Nabarro Analysis Graphs for (a) 0-1% Tin Alloy Pipe, and (6) 0-1% Antimony Alloy Pipe.



Composition

Unalloyed Lead

0-06% Cwr

0-21% Sn

0-06% Cd

0-05% Cd

0-23% Sn.
0-07% Cd

0-18% Sn,
006% Cd

0-4% Sn,
015% Cd

0-004% Ag

Investigations on Lead Cable-Sheath Alloys
Fig. 4.—Constant-Stress Creep Curves
for 0-1% Tin Alloy Strip.
TIME. HOURS
Fig. 5—Nabarro Analysis Graphs of
0-1% Tin Alloy Strip.
ft
Tabte |l1l.—Results of Constant-Stress Tests (Pipe Samples) Taken to Fracture.
TYPOOfPress  stes bsind  BALE i 05br>  TMelgPractre e oeneral o Typeof
Ram 725 0-0108 0-204 82-5 7-2 KE
650 0-0089 0-0066(?) 1,080 10-0 KE
450 0-002 0-0050 11,600 9-7 1C
Ram 750 0-006 0-134 2,025 16-6 KE
550 0-007 0-0154 20,000 Not failed
450 0-0002 0-0028 Over 20,000 » o
Ram 1,000 0-0057 0-056 278 135 KE
600 0-0018 0-025 11,560 22-1 IC
Ram 1,000 0-012 0-19(?) 281 14-75 KE
600 0-0016 0-039 Over 10,000 Not failed
Screw 1,000 0-017 0-035 784 19-4 Sl
600 0-0012 0-021 Over 10,000 Not failed
Ram 1,250 0-021 0-074 425 20-7 KE
1,000 0-012 0-039 1,016 17-1 IC
760 0-0035 0-04(?) 4,903 17-0 1C
Screw 1,250 0-027 0-10 87 139 Sl
1,000 0-013 0-046 417 11-6 IC
750 0-004 0-020 2,173 8-0 IC
Ram 1,200 0-0057 0-048 1,504 13-7 IC
1,000 0-0033 0-060 2,630 10-8 IC
Screw 1,200 0-0050 0045 616 7-0 IC
Ram 975 0-016 0-045 600 17-4 KE
875 0-012 0-011 1,280 160 1C

* Key as in Table I.
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0-1% tin and 0-1% antimony, are shown in Figs.
1 and 2, respectively. The corresponding “ Nabarro
graphs ” are given in Fig. 3 (a) and (6). The agree-
ment with the Andrade equation is seen to be
moderately good. Fig. 4 shows some curves for
strip of the 0-1% tin alloy, and Fig. 5 the correspond-
ing analysis graphs. In general, the values of the
Andrade constants obtained for strip differed from
those for pipe samples.

Values of 3 and k, together with some values for
pure lead also, are shown plotted on a logarithmic
scale against stress in Fig. 6. The variation with

TEST STRESS. LB /SQ.IN.

Fig. 6.—Variation of Andrade Constants with Stress for Lead
Alloy Pipe and Strip Samples.

K ft

a  Pure Lead Pipe.
O 0-1% Antimony Alloy Pipe.

0*1% Tin Alloy Pipe.
m  0-1% Tin Alloy Strip.

stress within the range here concerned is seen to be
approximately of the exponential form found, more
particularly for the « value, by Andrade and other
investigators.9

In Table 11l are collected some further results,
with data concerning fracture.

The results of principal significance can be sum-
marized as follows:

() The value of ;c corresponding to change
fracture type (about 0-005 x 10"3 hr.-1 for unalloyed
lead) was in general increased by addition of alloying
elements; the corresponding 8 values were less
affected.

(@ Increase of grain-size appeared to result in an
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increase of the value of k corresponding to the be-
ginning of intercrystalline types of fracture in place
of ductile (knife-edge split) types.

(3) No obvious fundamental difference in the creep
process corresponding to the two different types of
fracture could be observed, as judged in particular
from the form of the creep curves.

(4) No clear effects due to recrystallization, such
as, for example, that observed by Andrade with
highly pure lead,10 were apparent. Metallograpliic
examination confirmed that recrystallization had not
occurred as readily as might have been expected,
little or no change being observed usually in general
grain-size during test. This may in part have been
due to the somewhat large grain-size compared with
the wall thickness of the specimens.

(5) The values of k at a given stress appeared to
be somewhat greater for strip than for pipe of corre-
sponding quality. General extensions for strip were
difficult to compare with those for pipe, but they
appeared to be greater. The *“tertiary creep”
period (the final accelerated creep preceding ultimate
rupture) was usually more in evidence in the tests on
strip, owing to the fact that total extensions were
measured. The use of constant stress did not prevent
tertiary creep occurring in those tests which were
taken to fracture, although its incidence was delayed.

It should be noted that the values of constants
given here were usually determined from the first 800
hr. of test. Several tests were carried on for many
thousands of hours. Deviations from the initial
curve occurred, but it is not known how far this may
have been due to cumulative error.

V.—INFLUENCE OF STANDING (“ AGEING”)
BEFORE TEST

Various results on samples of pipe are shown in
Table 1V. Comparisons of tests to fracture at
moderately rapid rates of extension (short-time tests)
with similar tests on the freshly extruded material
are given, and also with some results from the slow
creep tests (long-time tests).

From these results it would appear to be possible
to group the materials tested as follows :

(1) Those in which no decrease of ductility resulted
from prolonged standing, the substances concerned
showing also no marked decrease at slow creep rates.
Pure lead, the dilute solid-solution alloys mentioned
above, and the alloy containing 0-06% copper be-
longed to this group.

(2) Those in which a marked decrease of ductility
(diametral extension at time of fracture) was observed
for the short-time test after prolonged standing, of a

ofsimilar order to that observed in long-time creep

tests. An example is the alloy containing 0-35%
antimony. The marked decrease of creep rate at the
test stress as a result of ageing will also be noted.

(3) Those in which ageing resulted in a considerable
decrease of ductility, though of a smaller order than
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that observed in the slow creep tests. Alloy E and
the tellurium lead behaved in this manner.

4
observed as a result of prolonged standing before the
short-time test, though the ordinary long-time creep
test showed a marked decrease of extension at
fracture. The alloy containing 0-005% silver and
0-1% tin is an example. The series of alloys contain-
ing both tin and cadmium also showed little or no
signs of the “ simple ageing ” effect.

The effect of ageing upon the ductility of the alloys
containing antimony and tellurium appears to be
connected with the precipitation of antimony and of

Those in which no decrease of ductility wasthis view.
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creep tests. There is much evidence from the fracture
characteristics of other metals 12-14in creep to support
It remains possible that deformation
during creep could affect, for example, the distribution
of alloying elements or impurities as between grains
and grain boundaries, and this could in turn affect
the fracture characteristics; strain-induced changes
of other kinds might also occur.

VI.—THEORETICAL CONSIDERATIONS

Although it is not proposed to deal here with all
the factors concerned with fracture behaviour in

Table IV.—Effect of Standing Upon the Ductility of Pipe Samples Under Creep.

. . gapid Slow Creep Test
. Tvoe of ime o reep
Composition of Alloy ‘\(Pess Agﬁrmg, TesttreHsosop Hoop Time to
) A Stress, Failure,
b/It.3 i fin2 .
Unalloyed Lead Ram 1,100
mj- * 24,800 1,040
Screw 1,010
24,600 1,010
0-4% Sn, 0-2% Ram 1.448
Sb (Alloy E) .. 50,000  1.448
Screw 1.400
sob 4,896
7,100 1.400
0-35% Sb Screw 1,280
600 25,000
19,000 1,280
28,600 1,280
0-23% Sn, 0-06% Ram 1,245
Cd 17,800 1,250
0-18% Sn, 0-06%  Screw 1.250
Cd 17,800 1.250
0-009% Te Screw 1.125
um 650 19,200
23,000 1.125
0-1% Sn, 0-005%  Screw 1.250 :
H 500 14,000
10,150 1.250

(l\:/lean D(_Beneral | ]
ree| iametral Type 0
Hater,) Expan- Fribture0 Hemarks
%/hr. sion, %
0-22 6-0 KE Initial short-time test.
1-0 7-0 KE Similar test after straining.
0-16 6-2 KE
0-67 7-5 KE
0-45 11-9 Sl
0-014 31 IC
0-32 16-7 IC Rapid creep test on original pipe.
0-0007 2-8 IC Slow ereep test on original pipe.
0-034 9-2 IC
0-28 17-0 SI
0-0001 2-5 IC
0-0016 1-6 IC
0-0014 1-0 IC
0-12 15-7 KE
0-11 18-2 KE
0-36 14-1 KE
0-39 16-4 KE
0-46 17-9 Sl
0-0007 1-4 IC
0-068 7-8 IC
0-52 9-7 i KE Samples from different pipe from
0-00025 3-4 IC that shown in Table I,
0-61 9-2 KE

* Key as in Table I.

a tellurium-rich phase, respectively, at the grain
boundaries and within the grains, some degree of
precipitation-hardening resulting.4 11

That such changes need not in themselves lead to
intercrystalline fracture in creep was indicated for
some results on the alloy E of fine grain mentioned
above. As illustrated by Fig. 7 (Plate LXXXII),
extensive changes could occur at grain boundaries
during creep deformation, but these did not lead to
intercrystalline fracture.

In general, it can be concluded that effects due to
creep per se were for several alloys of more moment
than any due to purely time-dependent ageing
changes upon the fracture characteristics in prolonged

creep, butrather to offer more general theoretical con-
siderations, it may be of value to summarize some of
the chief factors concerned.

(1) The mechanism of flow or deformation with
particular regard to differences between grain interiors
and grain-boundary regions. Associated with this is
the relationship between the imposed stresses and the
stress/strain system at any pointwithin the substance.

(2) The effect of impurities or addition elements
and their distribution between grain interiors and
grain-boundary regions; atomic size-factors, &c.

(3) Grain-boundary structure in relation to the
presence or development of defects or discontinuities
which could aid micro-crack formation.
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(4) The effects of addition elements upon cohesive
bond strengths or upon the free energy of crack
surfaces resulting from bond disruption.

(5) The effects of grain-size and other structural
factors such as second phases or precipitates.

(6) The possibility of purely time-dependent
changes (ageing) and the effects of stress and strain
upon such changes.

(7) The previous history (prestrain, work-hardness,
&c.) of the substance.

(8) Factors influencing crack propagation rate.

(9) Surface and environmental conditions.

(10) The effect of temperature.

I't is usually accepted, particularly for local fractures
of brittle nature, that disruption must be preceded
by the development of elastic strains sufficiently
large to break interatomic bonds in at least some small
region of the material. It is probable also that a
minimal size of elastically strained region is usually
necessary for the inception of fracture, i.e. there is a
“nucleation effect ”.

Various criteria for the incidence of the different
types of fracture have been proposed; on general
theoretical grounds that most applicable to the present
case would seem to be one of a critical elastic strain
energy. Freudenthal,15 for example, has advanced
a general mathematical analysis of fracture inception
based on this criterion, his treatment including con-
sideration of the energy of volumetric expansion as an
important contribution. 1t would seem acceptable
also that the effect of inelastic strain components.as
such can either be inhibitory to fracture, for example
by superseding local elastic strains, or contributory to
fracture, by intensification of strains on adjacent
maintained interatomic bonds (i.e. bonds between
atoms not taking active part in the inelastic strain
processes).

The mechanism of creep in metals is complex in
nature. Many theories are extant (see, e.g., Sully 12
and there have been considerable recent developments
both in theoretical concepts and in experimental
studies of the mechanism. Questions particularly
appropriate to the problems discussed in the present
paper are: (i) to what extent glide-plane slip
processes occur, such as are involved in ordinary
plastic deformation; (ii) to what extent motion of
dislocations, now widely accepted as being involved
in glide-plane slip, occurs both along and, possibly,
out of glide planes; (iii) to what extent, if any,
motion of lattice vacancies (Schottky defects) may
occur; and (iv) to what extent grain-boundary slip
and other possible occurrences at grain boundaries
take place.
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seem therefore that such creep involves mechanisms
dissimilar from those involved in ordinary plastic
deformation.

(i) A possible clue to the mechanism of steady
creep would appear to have been obtained from studies
(by Wood and Scrutton17/&) of the cellular “sub-
structures ” which develop during the creep of some
metals. These suggest, apart from other possible
explanations, motion of or collection of dislocations
outside the ordinary slip systems, and would in fact
appear to be allied, in some respects at least, to the
eifect known as “ polygonization .18

(iii) Nabarro 19 has pointed out that, in theory,
creep could result from motion of lattice vacancies
(self-diffusion), though his calculations indicated the
unlikelihood of such action contributing in practicable
measure to creep deformation. Mott,20 however, has
since shown that glide-plane motion of dislocations
combined with effects due to associated lattice
vacancies, allowing dislocations to move out of their
glide-planes as a result also of stress concentrations,
would appear to involve activation energies of the
right order for steady creep.

(iv) Many investigations have indicated relative
movements of adjacent grains during steady creep.
In connection with * anelastic 7 effects in general,
Zener2l has proposed the possibility of viscous
movements at grain boundaries, resulting in local
stress relaxations, and his theories would appear to
be supported by several experimental studies of
Kg.223 King et al... have confirmed the occurrence
of Zener-type slip at grain boundaries under shear
stress.  Such slip would appear to involve Newtonian
flow when of small amount. Some results of Ke23
suggest that the mechanism is one of self-diffusion.
This is in agreement with theoretical calculations of
Read and Shockley 5 based on a “ dislocation-array ”
model of grain boundaries. When the orientation
difference between adjacent grains is not small, this
model amounts to the more readily acceptable one of’
a “ transition zone ” between the lattices. Aust and
Chalmers26 have obtained experimental evidence
supporting this transition zone concept.

Since movements of dislocations and, for edge-
dislocations, probably also associated lattice
vacancies are likely to be concerned in creep, the
mechanism of intercrystalline cracking may well
include the collection or agglomeration of such dis-
continuities at grain boundaries. The basic mechan-
ism of fracture, however, still involves the presence
of elastic strain fields of sufficient magnitude for the
development of, or propagation of, any micro-cracks
concerned.

(i) Dislocation-slip theory has been applied with Zener2l (pp. 126 et seq., 158) has proposed a

some success to transient creep and more particularly
to “ exhaustion creep,” 16 but with less success to
explanations of the mechanism of steady creep, which
plays a major part in tests such as those concerned in
the present work. It is common observation that
glide-plane slip is not so readily discernible in steady
creep as in other types of deformation, and it would

mechanism of intercrystalline cracking in creep based
upon effects resulting from viscous slip at grain
boundaries. Fracture stresses are postulated as-
produced where a boundary on which slip occurs
meets another across which stress relaxation does not
occur, i.e. on which there is absence of shear com-
ponents. A somewhat similar mechanism has been
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propounded by Mott,27 involving mutual blockage at
grain-boundary junctions (triple points). Mott has
also explained poor ductility under conditions of slow
creep as being the result of relative ease of viscous
slip at grain boundaries as compared with resistance
to deformation of the grains themselves at small
stresses.  Difficulties arise, however, in any attempt
at quantitative development of such theories. This
is because intercrystalline cracking may be associated
with strains of some magnitude, and initial grain-
boundary slip is presumably blocked at very small
strains if it is to be blocked at all. It would seem,
therefore, that the development of elastic strain
energies of critical magnitude must involve processes
not dependent upon such slip alone. An application
of Mott’s theories of creep to the problem of fracture
mechanism has been made by Servi and Grant.1328
Mott’s theories® have indicated that (at a given
stress) grain-boundary slip does not occur below a
certain “ critical ” temperature. The type of creep
which then takes place is that which he has called
“ exhaustion creep ”, in which the strain produced
remains limited. Servi and Grant have connected
this with change of fracture characteristics in alumin-
ium. However, the prolonged period of definite
steady creep in the tests on lead with which the present
paper is concerned, do not indicate that exhaustion
creep as such, or for that matter any radical change in
creep type, is concerned.

A concept leading to a visualization of the inter-
crystalline fracture process of attractive simplicity,
is that of creep as a flow process which can be repre-
sented for an ideally homogeneous substance by a
vector point function u, the velocity of flow of each
elementary particle. It is usually accepted that
density changes do not occur in creep, though actually
slight decreases have been noted (e.g. by Hanson and
Wheelerd)). For the “ideal ” substance, however, it
can be stated that at every point div u= 0. This
statement is based on the “equation of continuity”
which connects volume changes (divergence of u)
with density changes:

divu= —plp

where p = density at the locality concerned and p =
the “substantial” time rate of density change (see
e.g. Brand 31 p. 259).

Real substances are not ideally homogeneous, nor
is creep flow ideally uniform, certainly not on the
atomic or even microscopic scale. In particular, in
polycrystalline materials structural inhomogeneities
and flow complications occur at grain boundaries.
The hypothesis is offered that, as a result, at certain
localities at grain boundaries in a substance under-
going creep, div U is positive, i.e. p is negative and
dilatation occurs; associated with such volumetric
expansion there must be elastic strains. It is
arguable that at localities of structural discontinuity,
such as grain boundaries, the equation of continuity
cannot be applied rigorously. The transition-zone
theory indicates, however, that, as an approximation
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at least, the function u and its derivatives can be
regarded as continuous at grain boundaries, although
possibly changing suddenly with both position and
time.

The relationship between u and the externally
imposed constraints on a specimen undergoing creep
is obviously not susceptible to exact determination in
general. The relationship between div U and the
local extensile components of the rate of strain tensor
can, however, be expressed very simply :

divuU=en + e2+ €33

eu, &c., being the three (orthogonal) strain rates
concerned.

In applying the equation of continuity, considera-
tion is given to volumetric expansion alone, and it
remains possible that other elastic distortion terms
(e.g. elastic shear components) may contribute to the
total local elastic strain energy. However, the tensors
of stress, strain, and strain-rate can always be ex-
pressed in terms of the three “ principal ” components
which do not contain shears. Furthermore, com-
bination of the concepts offered here with the Zener
theory of fracture, described above, indicates the
probable absence of shear components along the
actual surface of fracture inception at a suitable grain
boundary.

Some further justification for this simplification
arises from the observation that intercrystalline
fracture often begins in boundaries more or less trans-
verse to the applied stress (or hoop stress in pipe
samples). Thissuggests thatthe maximum local elastic
strain is approximately parallel to the principal stress
direction. In addition, it seems likely that in the
most probable region of fracture inception there is
complete restriction of transverse flow, i.e. taking
en as the rate parallel to the stress axis, fracture has
maximum likelihood where e2= eg3= 0. This
corresponds to local triaxial tension, the region con-
cerned expanding elastically in a direction parallel to
the stress and not contracting in the orthogonal
directions. Ho dilatation or elastic strain occurs, it
should be noted, where e2= — —]en; this
expresses the general conditions of inelastic strain
away from the actual locality of fracture inception.

If Arepresents the current length, parallel to the
stress axis, of the elastically expanding region of
fracture initiation visualized, then :

—p/lp=divu=en = AA

In such a region, the critical strain energy for
fracture corresponds to a critical value of the local
elastic strain. It follows that the general extension
of the specimen reached at the time of fracture de-
pends upon the relationship between A/A and the
general creep rate of the specimen. Simple propor-
tionality of the one to the other leads to an inde-
pendence of the general extension (reached at be-
ginning of fracture) from the creep rate, and this
could at once explain the results for unalloyed lead
and for some of the alloys. It is of interest to note
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further that, as Orowan 2 has pointed out, the order
of theoretical strain for the breakage of atom-pair
bonds is about 10-20%. This is of the same order as
the general extensions reached for the substances
here concerned, and suggests that the local elastic
strain eventually responsible for fracture may be
commensurate with the general inelastic creep strain.
Logical interpretation of this would lead to the con-
clusion that tlio local stress concentration involved
(at least on the atomic scale) would result in a
maximum stress of the same order as the theoretical
strength of the substance. This is not impossible,
but it is arguable that it is improbable, and that the
maximum value of the local stress likely to be
attained is that corresponding to the so-called
“ brittle-fracture ” stress. However, this must be
of quite large value (since the substances concerned
do not show notch-brittleness) and furthermore the
fracture conditions in creep probably differ con-
siderably from those concerned in ordinary brittle
fracture or in notch sensitivity. In any case there is
some support for the proposal of a simple relationship
between the local elastic strain and the general creep
strain for approximate calculation.

On the other hand, it must be quite clearly realized
that the simplifications involved in such a calculation
are extreme. Elastic distortion terms, or at least the
effects of local elastic shear components, in all proba-
bility cannot be neglected. The final values of ex-
tension experimentally determined must be affected
also by the rate of fracture propagation, and this in
itself probably depends on quite complex factors.
The *“ tertiary creep ” period appeared to follow
actual fracture inception in the tests above described,
and, in those on pipe, appeared also to be very local.
The difference between the total extension at the
fracture locality and the general extension of the
specimen was sometimes quite large, but usually
smaller at slow creep rates than for the more rapid
tests.

Notwithstanding possible complications, the simpli-
fied concepts above are suggested as being acceptable
as first approximations, or as in a sense represent-
ing " seiui-ideal ” but possible conditions. An im-
portant consequence is the recognition of the good
ductility (extensibility) of lead, even under conditions
of creep leading to intercrystalline fracture, as the
possible outcome of an expected independence of the
extension at fracture from the creep rate.

On the basis of this theory the poor ductility at
slow creep of various alloys can be explained as the
result of occurrences leading to augmentations of
the elastic strain fields at grain boundaries. Elastic
strains around foreign atoms could be concerned, or
strains resulting from precipitation of antimonial or
tellurium-rich constituents, for example, in the lead
alloys described above. Work-hardening by de-
formation before, or even during, primary creep could
be another cause of elastic strain augmentation.
Stress concentration at discontinuities (or micro-
cracks) could also be concerned.
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The marked increase of ductility, at slow creep,
resulting from decrease of grain-size for a given alloy
must, on the same basis, result from a decrease in the
intensity or likelihood of elastic strains in boundary
localities. The simplest explanation is that this is
due to increased ease of recrystallization or grain-
boundary migration; this view is supported by some
results on the fine-grained samples of alloy E men-
tioned above, which recrystallized at large strains.
Kecrystallization was, however, less obvious in some
of the other alloys and cannot afford a complete
explanation. Increased ease of grain-boundary slip
without stoppage can be suggested as one possible
contributory cause of good ductility in fine-grained
alloys.

The change in type of fracture with the creep con-
ditions must result basically from differences in the
mechanism of creep and ordinary plastic deformation.
There is much evidence that the detailed mechanism
of creep alters notably with applied stress and with
temperature.17 2833-34 The change in type of fracture
for the substance studied must result from the absence
of processes (multiple slip, localized deformations at
boundaries, &c.) which limit the development of
elastic strains at grain boundaries in ordinary plastic
deformation. It would seem quite possible that there
is a difference in distribution of associated elastic
strains in slow creep and in plastic deformation. At
slow creep rates such elastic strains, it is suggested,
can become concentrated at localities of structural
heterogeneity (providing these are suitably orientated
with respect to the imposed stress system) and in
plastic deformation they are more uniformly spread.
The difference in behaviour in this respect is, it is
further suggested, greater the slower the creep rate
and the less the finer the grain-size.

VII.—SUMMARY AND CONCLUSIONS

(1) Creep tests to fracture have been conducted on
samples of lead and lead alloys as used for cable
sheathing, the samples being chiefly in the form of
pipe extruded under similar conditions to those used
for cable sheathing. The diametral extension pro-
duced by internal pressure has been found to be more
or less independent of the time to fracture, within
wide limits, for pure lead, some dilute solid-solution
lead alloys, and some other lead alloys not of the
solid-solution type, e.g. one containing 0-06% copper
as an alloying addition. Alloys containing antimony
in excess of the solid solubility limit (e.g. 0-35%
antimony), alloy E (04% tin and 0-2% antimony),
and some leads containing very small amounts of
tellurium (about 0-01%) showed very poor ductility
at slow creep rates.

All the substances tested were ductile at sufficiently
rapid rates of strain (pipe samples under internal
pressure failing with knife-edge longitudinal splits),
but showed increasing liability to fracture of the inter-
crystalline type at slow creep rates.

(2) Tests on samples of pipe with the hoop stress
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maintained constant indicated that the Andrade
equation was at least approximately obeyed. The
value of k (the steady creep constant) correspond-
ing to supervention of intercrystalline fracture was
greater for the alloys than for unalloyed lead; the
value of {3 (the transient creep constant) was less
affected. Tests on samples in strip form at constant
stress have also shown fair agreement with the
Andrade equation. The value of k at given stress
was in general greater for strip than for pipe of the
same alloy of similar grain-size.

(3) The creep conditions corresponding to change
in type of fracture were notably affected by grain-
size, decrease of which, for a given alloy, resulted in
improvement in ductility. The results were also
affected by degree of deformation of the samples
before test, samples taken from coils on drums being
in general less ductile under creep than those kept
straight before testing.

(4) Some of the alloys, notably those containing
antimony and those containing tellurium, showed
marked influence of ageing upon the behaviour under
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subsequent creep; the ductility being greatly de-
creased. Other alloys having poor ductility under
slow creep conditions did not appear to exhibit any
purely time-dependent effects due to ageing.

(5)  Some theoretical concepts have been advanced
in connection with the fracture behaviour observed.
It is indicated that under slow creep, elastic strain
fields are likely to occur at grain boundaries as a result
of structural and flow heterogeneities. Application
of the “ equation of continuity ”, together with some
simplifying assumptions, has led to an explanation
of the difference in behaviour of unalloyed lead and
the dilute solid-solution alloys studied, from the alloys
exhibiting very poor ductility at slow creep. Elastic
strain “ augmenting ” effects, it is considered, must
account for the behaviour of the latter group of alloys.
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SIMULTANEOUS DETERMINATION OF THE
SURFACE TENSION OF TIN AND ITS CONTACT
ANGLE WITH SILICA BY THE USE OF
CONICAL CAPILLARIES*

By D. V. ATTERTON,f M.A., Ph.D., Junior Member, and
T. P. HOAR,i MA,, Ph.D., F.I.LM., Member

SYNOPSIS

The surface tension of a liquid and its contact angle with a solid that it does not wet may be
determined by measuring the pressures required to force the liquid into two capillaries of the
solid, at least one of which is conical. Experimental and mathematical details of the method,
especially as applied to molten metals, are described.

The surface tension of molten tin between 400° and 800° C. in a hydrogen atmosphere,
determined by the method, is (700 + 25) — (0-17 T 0-015)7' dynes/cm., whore T is the
temperature in °K. The contact angle of tin with fused or polished silica surfaces, determined
by the same experiments, is 145° + 10° independent of temperature but sensitive to the degree

of roughness of the surface.

I.—INTRODUCTION

The reliable determination of surface tension and
contact angles of molten metals and alloys has both
fundamental and practical interest. Considerable
insight into fundamental matters such as the
mechanism of solidification, the adsorption of solutes
or of gas molecules at molten metal surfaces, and the
theory of metallic binding forces could be obtained
from appropriate surface-tension measurements. In
practical matters such as joining with molten metals,
the production by “atomizing ” of metal powders,
the many kinds of metal casting, and the holding
of molten metals in porous refractories, surface-
tension phenomena play a critical part: we have
previously shown 1how the penetration of a range of
metals into compacted moulding sands is governed
by metallostatic pressure, surface tension, and contact
angle, and we have indicated 2 the similar state of
affairs prevailing in blast-furnace hearths carrying
molten iron. All these studies will be greatly
facilitated when more reliable values of surface
tension, for a range of metals and alloys and for a
range of temperatures, become available.

The experimental determination of the surface
tension of molten metals and alloys presents several
difficulties : the relatively high temperatures involved,
the high contact angles between molten metals and
refractory solids, and the ease with which metals
become contaminated owing to oxidation or adsorp-
tion. These difficulties are emphasized by the large
discrepancy between the published values of surface

* Manuscript received 4 December 1952.
f Formerly, Research Student, Department of Metallurgy,
Cambridge University; now Research and Development

tension of molten metals; Fig. 1 shows the more
reliable results that have been obtained for tin. The
highest precision has been attempted in these deter-
minations, and the scatter of each observer’s results
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Fig. 1L.—The Surface Tension of Molten Tin Between 232° and
1000° C., According to Several Authors.

is only a few dynes/cm.; yet the differences between
the various sets of results are as high as 30%. Un-
fortunately, full details of experimental technique
have not always been published, so that assessment
of the results is difficult.

Most determinations of metal surface tension have
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been made using the method of maximum bubble
pressure,3-6 but the drop-weight,7 8 sessile-drop,9-12
sessile-bubble,13  hanging-drop,14 and capillary-
heightl5 methods have also been used. Such
quantitative determinations of the contact angles
of molten metals with solids as have been made have
usually been incidental to the determination of surface
tension by the sessile-drop or capillary-heightl6
methods; large values, 130°-180°, have been
estimated. In previous work,1 we have observed
contact angles of c. 130° for sessile drops of several
molten metals on silica.

The present paper gives details of a new method 17
for the simultaneous determination of surface tension
of molten metals and their contact angles with silica
or other refractory solids up to at least 1200° C.,
under conditions whereby surface contamination can
be minimized. The method has so far been used to
determine the surface tension of molten tin and its
contact angle with silica between 400° and 800° C.
Although the method is not at present capable of
extreme precision, we believe that the results are
reliable.

The principle of the method 17 is to force molten
metal into conical silica capillaries to predetermined
depths and to measure the pressure differences across
the resulting molten metal surfaces. If the metal is
forced by a pressure, P dynes/cm.2 into a conical
capillary of apical angle 2<€;then evidently

p _ 2acos (9 —6
(€h)

where a dynes/cm. is the surface tension of the molten
metal, 9 is the contact angle, and r cm. is the radius of
the capillary at the depth where the liquid leaves
contact with it. Alternatively, it can be shown *
that if s cm. is the capillary radius at the depth of
the liquid tip, then

p_ Wgosi \

S \COS cp )

@

Thus, measurement of P and either r or s for two
capillaries of different 4 (one of which may be
cylindrical with 4= 0) provides simultaneous
equations from which a and 9 can be separately
evaluated.

The metal is melted in a silica crucible having a
silica tube carrying several capillary bores, at least
one of them conical, fused into its bottom. The gas
pressure required to force the molten metal to a
depth predetermined by means of a metal contacting
wire is then measured for each conical capillary,
and that required to effect metal entry into each
cylindrical capillary is similarly found. The total
pressure across the metal surface in a capillary is
the sum of the applied gas pressure and the metallo-
static pressure of the molten metal in the crucible.
The metallostatic pressure cannot be measured

Simultaneous Détermination of the Surface Tension of

directly with any degree of accuracy; consequently,
for a single determination of surface tension and
contact angle, measurements are made simultaneously
on three capillaries, at least one of which is conical,
so that three equations containing the three unknowns
a, 0, and the metallostatic pressure are available for
their determination.

Several determinations of a cos 6 for tin and silica,
made with cylindrical capillaries only, are also
described below. Measurement of the pressure
required to force molten metal into a cylindrical
capillary of radius r' cm. enables the product a cos 0
to be determined by means of the usual formula

_ 2arcos 9
P=- IR

II.—EXPERIMENTAL TECHNIQUE

1. M aterials and Apparatus
(@ Tin

The tin was of 99-998% purity, the only detectable
impurity being 0-002 % lead.

(b) Silica Capillaries

Conical capillaries were prepared by grinding and
polishing from quadruple-bore transparent silica
capillary tubing supplied by The Thermal Syndicate,

TRANSPARENT SILICA TUBE

C

cl CM. B:

(0 VARY1ING-BORE (1-2MM.)
TRANSPARENT SILICA TUBES

\
CAPILLARY

Fig. 2.— Preparation of Multibore Cylindrical Capillary Silica
Tubing.

Ltd. Five-cm. lengths of the tubing having one
bore of which the major and minor axes differed by
less than 0-5% were selected microscopically; such
a capillary was used as the cylindrical in those deter-
minations in which two conical and one cylindrical
capillaries were used. Grinding tools were prepared
by grinding cones, c¢. 2 cm. long, on the ends of 0-3-
0-4-cm.-dia. silver-steel rods. A grinding tool, coated
mwith a water slurry of 600-mesh carborundum, was
inserted in the capillary and steadily rotated by
hand; a conical shape, c. 0-4-0-5 cm. long, could be
produced in about 1 hr. The final stages of the
grinding were followed on a projection microscope to
ensure that there was good radial symmetry of the
conical portion about the longitudinal axis of the
capillary. After grinding, the capillary was thoroughly

* See Appendix | (p. 548).
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cleaned with water. A polishing tool was prepared
by coating the tip of the grinding tool with molten
picien wax, softened by the addition of a little white
spirit; while the wax was still soft, it was pressed
into the ground portion of the capillary, which had
been moistened with water. This produced a sharp
wax replica of the ground cone. When the wax had
set hard, it was coated with a slurry of very fine
rouge and the tool was steadily rotated in the conical
portion, the slurry being renewed at intervals. One
conical capillary could be polished in ¢c. 48 hr. to
complete transparency. After polishing, the capil-
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the_:n drawn down to an external diameter of c. 0-4 cm.
(Fig. 2 (b)).
(c) General

The apparatus (Fig. 3) consisted of a vertical tube
furnace suitable for melting small amounts of metal
in vacuum or in purified gas atmospheres, by means
of high-frequency current obtained from a 35-kVA.
spark-gap generator. The vacuum pump was a
Speedivac capable of producing a vacuum of 10"5cm.
of mercury.

The silica crucible for holding molten metal had

Fig. 3.—General Arrangement of Apparatus.

laries were thoroughly cleaned by boiling successively
in hydrochloric and nitric acids.

Multibore cylindrical capillaries for the deter-
mination of a cos 6 were prepared as follows. Silica
tubes were drawn down to have similar external
diameter but varying bore (0-1-0-2 cm.); several
of such tubes, sealed at one end, were then packed
into a larger transparent silica tube (Fig. 2 (a)). The
outer tube was heated for c¢. 5 min. and then end B
was sealed, the open ends of the smaller tubes being
sealed by allowing them to touch the viscous silica
at B. The end A was connected to a vacuum pump
and the outer tube-was vigorously heated, whereupon
it collapsed on to the smaller tubes and the interstices
between them sealed up; collapse of the smaller
tubes was prevented by the gas pressure inside them.
The tube was then strongly heated at point C and
steadily rotated, until the silica became sufficiently
plastic for the gas pressure in the capillaries to make
them become cylindrical. The fabricated tube was

the multibore silica capillary fused vertically into
a point approximately one-third along the diameter
of the crucible base; the length of the capillary in
the crucible was 1-1-5 cm. The crucible was fused
into the end of a silica tube (Figs. 3 and 4) and the
tube was then sealed with picien wax into a recess
machined into the bottom brass furnace end (Fig. 3).
Temperature gradients in the metal were minimized
by surrounding the crucible with an auxiliary heater
prepared by close-winding 0-04-cm.-dia. molybdenum
wire on a former covered with paper, coating the
wire with a thin layer of alumina cement, drying out
the coil packed in charcoal at 600° C. in a muffle
furnace, and baking it at 1000° C. in vacuum in the
high-frequency furnace. The temperature of the
molten metal was measured by means of a Chromel/
Alumel thermocouple, of which the hot junction was
carried in a silica sheath fixed in a brass tube with
picien wax. The brass tube passed through a Tufnol
taper, fitted into the top furnace end, with a push fit,
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so that the position of the hot junction could be ad-
justed. The e.m.f. of the thermocouple was measured
with a millivoltmeter calibrated against standard
metals up to 1100° C.; readings were accurate to
¢1° C., spatial and temporal fluctuations were
probably +3° C., and thus estimated temperatures
are probably accurate to +4° C.

The furnace atmosphere and the gas used for
pressure application was hydrogen, purified by
passing through saturated potassium hydroxide
solution, concentrated sulphuric acid, phosphorus
pentoxide, copper, nickel, and iron gauzes (these
metals being heated to 650° C.), and a trap cooled in
liquid oxygen. It was admitted to the system
through a leak valve. The use of hydrogen, in the
present experiments with tin at 400°~800° C., ensured
the removal of tin oxides present on the metal before
melting.

Gas pressure could be applied above the molten
metal to force it into the capillaries. The difference
of pressure above and below the molten metal was
measured by means of an inclined mercury mano-
meter covering a range of 4 cm. of mercury; this

was calibrated with a vertical mercury manometer
on which pressure differences were measured catheto-
metrically, so that measurements could be made to
dr0-0005 cm. of mercury. To minimize sticking of
the mercury in the inclined manometer, its stand was
continually tapped with an electric huzzer during
calibration and use. Rectilinear calibration curves
were obtained for two inclined manometers A and B.
A was used for vacuum determinations of a cos 6 and
B for all other determinations. In A, the space
above the mercury in the inclined arm was evacuated
to ¢. 10”4 cm. of mercury and was then sealed;
consequently, the manometer was suitable for use
only for pressures between 0 and 4 cm. of mercury.
In B, the space above the mercury in the inclined arm
was connected directly to the underside of the
capillaries, and thus this manometer was suitable for
measuring any pressure difference of up to 4 cm.
of mercury.

A fixed point in each capillary was located by means
of a tungsten wire. As the molten metal penetrated
into the capillary, the instant of contact with the
tungsten wire tip was indicated by means of an
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electrical circuit. The manometer reading at the
time of contact was recorded photographically.

2. Procedure
(a) Determination of Capillary Dimensions

Before fusion of the capillaries into the silica
crucible, the diameters at various depths in the
conical capillaries were measured. Wax replicas of
the conical portions were prepared in the same way
as for the polishing tools; the wax was allowed to
cool completely in the conical portion under the
continuous application of pressure. The diameter of
a replica at different distances along its length was
measured on a projection microscope with a magni-
fication of X100. The plot of diameter against
distance along a replica was always rectilinear; from
it the apical angle of a capillary could be calculated,
and from a single microscopic measurement of the
diameter of the mouth of the capillary, the diameter
of the cone at any depth below the mouth could be
found. Several replicas were examined for each
capillary.

The diameters of the cylindrical capillaries were
determined to the nearest 10-4 cm. by means of a
projection microscope with magnification from 75 to
150, depending on the capillary size; each diameter
was determined by a dozen measurements taken
radially in 30° steps. The difference between the
major and minor axes of all cylindrical capillaries
used in the experiments was always less than 1-0%
and usually less than 0-5%.

(b) General

The capillaries were fused into a silica crucible,
with heating from the underside of the crucible to
avoid excessive heating of the conical portions and
the capillary mouths; the crucible was then fused into
a silica tube. Tungsten wires, ¢. 0-025 cm. in dia.,
for electrical contacts in the capillaries were heated
in air to redness in order to coat the surface of the
wire with oxide; this oxide is not wetted by molten
metal and thus acts as a barrier to further molten-
metal penetration into a capillary after contact has
been made with the wire. The tips of the oxidized
wires were then snipped off and the wires adjusted
until their tips were at approximately the desired
depths below the capillary mouths; the wires were
then sealed through silica tubes in the bottom end
of the furnace with picien wax. The depths of the
wire tips below the capillary mouths were measured
with a travelling microscope; six separate deter-
minations of each depth were made.

Locating wires were arranged in each conical
capillary; a contact wire was also put into the
cylindrical capillaries, when these were used, and a
further wire in a larger *“ dummy ” capillary provided
the necessary first contact with the molten metal.

Small pellets of tin were packed in the crucible,
and the apparatus was assembled as shown in Fig. 3.
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It was evacuated to a pressure of 1-2 X 10~4 cm. of
mercury; purified hydrogen was then passed in and
the apparatus re-evacuated. This cycle was repeated
several times. Power was switched on to the furnace
and, when a temperature of 350° C. was reached, the
thermocouple junction was pushed into the melt to
a depth calculated so that it was adjacent to the
capillary mouths. By running the high-frequency
generator at fixed values between 3 and 7 kVA,, it
was found that the temperature reached a constant
value after 5-10 min. and remained constant to
within £ 1-2° C. over a period of several minutes.
At c. 400° C., purified hydrogen was admitted into
the system until a pressure of c. 40 cm. of mercury
was reached. After the temperature had remained
constant for 1-2 min., differential pressure was
applied by admitting hydrogen to the upper part of
the system only, at a rate controlled by the leak
valve. The metal thus forced into the capillaries,
coming from the bulk of the metal, was as free from
surface contamination as possible; if necessary,
preliminary passage of hydrogen upwards through
the metal could provide still better conditions of
cleanliness. The three pressure readings at which
contact between the penetrating molten metal and
the tungsten wires occurred were recorded photo-
graphically on the same photographic plate. Super-
speed ortho-chromatic plates were used; they were
slightly under-exposed, and developed for three times
the normal time in fine-grain developer. This pro-
cedure greatly increased contrast and enabled the
manometer scale to be read to an accuracy of +0-005
cm., the photographic record being enlarged to about
2-5times actual size.

(c) Determination of Expansion of Indicating Wires

The tungsten wires used for locating fixed points
in the conical capillaries were heated by conduction
through the silica, by conduction along the wire,
and by radiation from the crucible. Consequently,
the wires expanded and their tips were nearer to the
mouths of the capillaries than had been determined
in the cold with the travelling microscope. The
expansion of the wire consists of two parts : ylcm,,
the expansion of the small length, 4 cm., in the
capillary surrounded by molten tin at a temperature
Tnf C., and y2cm., the expansion of the length, 2cm.,
between the point where the capillary leaves the
constant temperature zone and the point where the
wire is fixed at the bottom end of the furnace, which
is substantially at room temperature.

ylis equal to ZO,, —Tr), where a is the co-
efficient of expansion oftungsten, 5 X 10~6¢cm./cm./°C.,
and T° C. isroom temperature.

y2may be determined from the temperature varia-
tion along the length 2 of the wire. This variation
was determined experimentally for a tungsten wire
having molybdenum wires spot-welded at various
points along its length, so as to make a series of
tungsten/molybdenum thermocouples.  This wire was
inserted as usual into a capillary crucible in which the
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normally used weight of tin was melted and allowed
to reach a constant temperature. During this
period, the e.m.f.s of the series of tungsten/molyb-
denum thermocouples were measured at intervals.
Big. 5 shows the variation of temperature down the
length of the wire. After 10 min., a logarithmic
relation between temperature and distance was
experimentally found,

log, (T - Tr) = log, (Tm- Tr) - bl
T- Tr=(Tm- Tr)e-»\
where T° C. is the temperature of the wire at a

distance |1 cm. from the point where the capillary
leaves the uniform temperature zone of the crucible

or

LENGTH. CM.

Fig.5.— Variation of Temperature Along Length of Indicating
Wire.

and 6 is a constant. Thus the expansion of the small
length of wire dl at temperature T is

a(T- Tndl = ofT,i- Tre~bl.dl,

and the total expansion y2of the length 2 of the wire
is

af'(Tm—TTe~bl. dl
Jo
= -g[(Tm-Tr)e~%>
« - “[T'-Zyfe.

Taking T = Tm when I=0 and T = Tr when
| = 2 (the latter a near approximation), we have :

y2=«(Tm-T ).

Thus, the experimental determination of b by the
above method enables us to estimate y2 for any

values of Tmand Tr-

ill.—RESULTS AND INTERPRETATION

1. Surface-Tension Determination

The relevant data of these determinations are given
in Table 1. An atmosphere of carefully purified
hydrogen was used for these experiments, since
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preliminary work (described later in this Section) had
shown that results obtained for acos0O in hydrogen
had better reproducibility than those obtained in

Simultaneous Determination of the Surface Tension of

discussed later in this Section. The results of
experiment 2 (Table 1), evidently due to experimental
error, have been ignored; they serve to illustrate

vacuum. Fig. 1 shows the surface-tension results that any small error in the experimental measure-
Table |.—Data and Residts of a and 6 Determinations with Conical Capillaries.
CPressul_’e
. Depth of Expansion . Applied G orrection
E&(Elt- Temp., °C. Elf]”sg't}’c%f Angle, § Wireps_ below COPrection, Ra‘é:ﬁ'?‘ r, ngsslsre, as (/?/rirte)seg;zsfg: dyneos'/cm. 0, deg. d)?nceosic%. .-1
Capillary (1, + 1,), cm. cm. Hg. Menisci, je
Mouths, cm. cm. H'g_
| 489 6-77 7° 36' 0-176(5) 0-016(0) 0-0610 0-482 0-068 543 155 492
4° 30' 0-337(5) 0-015(7) 0-0403 1-038 0-151
0° 0-0246(5) 2-512
2 408 6-83 6° 50' 0-438 0-013(2) 0-0628(3) 0-418 0-205 768 132 514
4° 50' 0-350 0-013(4) 0-0532 0-716 0-162
0° 0-0255 2-629
3 609 6-71 6° 50 0-426 0-017(2) 0-0647(5) 0-348 0-187 512 159 478
4° 50' 0-377 0-017(4) 0-0510(8) 0-680 0-164
0° 0-0255 2-377
4 572 6-73 7° 38 0-410 0-018(1) 0-0592 0-307 0-181 528 152 466
4° 32" 0-419 0-018(1) 0-0436 0-755 0-188
o 0-0248 2-302
5 692 6-64 7° 38' 0-398 0-020(1) 0-0610 0-197 0-174 503 148 426
4° 32" 0-439 0-020(0)  0-0420 0-669 0-196
0° 0-0248 2-061
6 727 6-63 r so' 0-200 0-022(1) 0-0653(3) 0-490 567 142 448
5529' 0-244 0-021(9) 0-0467(5) 0-880 0023
4° 55' 0-309(5)  0-021(7)  0-0398(7) 1-090 0-055
7 4S9 6-77 T 50 0-215 0-016(0) 0-0623 0-664 0-008 604 143 482
5° 29' 0-196 0-016(0) 0-0507 0-962
Ai 4° 55°' 0-299 0-015(7) 0-0401 1-265 0-052
o
Tabte |l.—Data and Results of a cos 6 Determinations with Cylindrical Capillaries.
Radii, cm. Pressures, cm. Hg. !
Expt. No. Atmosphere Temp"ecr.ature‘ djnc(gslcorh.
n r, U Pi P. Pi
1 Vacuum * 723 0-0528 0-456 0-590 0-750 354
2 468 0-0674 0-0482 0-695 1-074 423
3 525 0-0674 0-0482 0-657 1-008 392
4 567 0-0674 0-0482 0-520 0-902 426
5 629 0-0674 0-0580 00482 0-583 0-725 0-926 384 f
6 580 0-0528 0-0456 0-530 0-710 398
7 Hydrogen | 460 0-0528 0-0456 0-645 0-834 418 i
8 " 608 0-0674 0-0580 0-0482 0-592 0-735 0-938 387 f
9 539 0-0652 0-0416 0-683 1-201 393
10 672 0-0652 0-0416 0-640 1-153 389
1 ) 756 0-0652 0-0416 0-572 1-055 366
12 789 0-0547 0-0412 0-523 0-847 356

* Hydrogen at 1-5 x 10* cm. H

t Mean of three values (calculated from the radius and pressure results taken in pairs), all within £2% of the mean,

t At 40-50 cm. Hg.

obtained over a temperature range of 400°-800° C.
The solid squares in the figure represent the variation
of surface tension with temperature as determined
with two conical and one cylindrical capillary
experiments. The two open squares represent results
obtained by the use of three conical capillaries; they
are significantly higher than the other values, a matter

ments may produce a large error in a, as discussed
in Appendix Il (p. 550).

2. Contact-Angle Determination

The relevant data and results are given in Table I.
With the exception of the value from experiment 2,
the contact-angle values from experiments with two
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conical and one cylindrical capillaries are all sub-
stantially the same. The two experiments with three
conical capillaries gave a somewhat lower result.

3. cccos$ Determination

Preliminary experiments were made with cylindrical
capillaries to determine values of a cos 6 for tin and
silica in a vacuum (hydrogen at 1-5 x 10-4 cm. of
mercury). The relevant data are given in Table 11,
and the results are shown in Fig. 6. The repro-
ducibility was not very good, possibly on account
of a slowrate of approach of the contact angle to its
equilibrium wvalue, or on account of surface con-
tamination. To minimize contamination, further
experiments were carried out in purified hydrogen at
40-50 cm. of mercury; the results, also shown in
Fig. 6, were more reproducible. The regression
curves for acos0 on temperature for vacuum and
hydrogen conditions are not significantly different,

TEMPERATURE, °C.
Fig. 6.— a cos 9 Determinations for Molten Tin Between 400°
and 800° C.

Key.

+ Vacuum: acosO0.

X Hydrogen : acosO.

« Two conical, one cylindrical capillaries: a x cos 0.
o Three conical capillaries : o x cos 0.

and the straight line of best fit for the joint data is
given.

When the products of the surface tension and cosines
of contact angles, obtained from the conical-capillary
experiments, are plotted against temperature (Fig. 6),
the results are significantly higher (by about 50-80
dynes/cm.) than the acos6 values obtained using
cylindrical capillaries. These higher values can only
be explained by a different contact angle of tin on
the two different silica surfaces, the conical capillaries
having a ground and polished surface and the cylin-
drical having a fused surface. Consequently, since
the silica surfaces of the three conical capillaries are
essentially the same, we think that the values of
surface tension and contact angle obtained with these
may be more reliable than the other values. From
these surface tension values and the data of the
cylindrical capillary experiments, the contact angle
of tin with the fused-surface cylindrical capillaries
prepared in the laboratory may be calculated as
c. 132° at 489° and 727° C.
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When the contact angle determined in the experi-
ments with three conical capillaries, viz. 142°, is
used for a re-calculation of the experiments with two
(polished) conical and one (fused, Thermal Syndicate)
cylindrical capillaries, the contact angle for the
cylindrical capillary may be calculated to be very
close to the same figure. This arises from the form
and parameters of the simultaneous equations, which,
although they allow a perfect separation of o and
cos 0 in principle, are very sensitive to small errors.
Further mathematical investigation is required to
determine the best values of capillary angles and
radii for providing the most significant separation
of a and cos9 by solution of the simultaneous
equations, and further experimental work is necessary
to determine the precise influence of surface prepara-
tion on contact angle. Meanwhile, the present
experimental results are consistent with the following
expressions for the surface tension of tin, <e and its
contact angle, csnSio, with fused or polished silica
in the range 400°-800° C .:

a= (700+ 25)- (0-17 0-015)T dynes/cm.
dsn-sio, = 145° + 10°i independent oftemperature.

The limits of the expression for aSy, in which T is the
temperature in °K., are indicated in Fig. 1. The
expression leads, by extrapolation, to a value of
614 dynes/cm. for the surface tension of tin at the
melting point (232° C.), in close agreement with the
value of 610 dynes/cm. recently reported for this
temperature by Smirnova and Ormont,14 who used
an improved hanging-drop technique.

IV.—DISCUSSION

The values obtained for the surface tension of tin
are of the same order of magnitude as previous results
(Fig. 1), although the scatter is somewhat greater.
The large discrepancy between the results of various
workers may be due partly to contamination of the
tin caused by insufficient degassing of the apparatus
and by incomplete purification of furnace atmosphere,
and partly to differing degrees of purity of the tin.
That used in the present experiments rvas of high
purity, which may possibly explain the slightly
higher values of surface tension obtained as compared
with those of the majority of previous workers. A
small percentage of impurity, e.g. lead, in the tin
probably has a considerable influence on the surface
tension; lead is selectively absorbed at the surface
of the tin with consequent reduction of surface energy,
as shown experimentally by Bircumshaw.3 Another
possible source of discrepancy is that the theory
underlying most methods is insufficiently exact and
leads to errors in calculation as well as in experi-
ment.

The variation of surface tension with temperature
is similar to that obtained by several other workers,
notably Pelzel,6 Matuyama,8 and, to a lesser degree,
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Sauerwald and Drath.4 Substitution of the best
results from the present work in the thermodynamic

relation E, = a —T where Es is the total surface

energy necessary to form 1 cm.2 of new surface, a is
the surface tension, equivalent to the work done in
forming 1 cm.2 of surface, and T is the temperature
in °K., gives a value of c. 700 ergs/cm.2 for the total
surface energy of liquid tin, independent of tem-
perature, and c. 0-17 erg/cm.2°K. for the surface
entropy. |If we make the common assumption that
surface energy and entropy concern the first atomic
layer only, these values correspond to a total surface
energy of 9400 cal./g.-atom and a surface entropy
of 2-3 cal./g.-atom/°K. These values may be com-
pared with the approximately known latent heat of
evaporation, 79,000 cal./g.-atom, and the standard
entropy of evaporation, 29-5 cal./g.-atom/°K.; it
may be noted that the transfer of a tin atom from the
bulk to the surface of liquid tin is associated with
only small fractions of the energy and entropy changes
occurring during the transfer of an atom from the
bulk of the liquid to the vapour phase.

The high values of contact angle between tin and
silica are not unexpected, being due to the high
cohesion of the metal and its relatively low adhesion
to the non-metal, a matter readily understood in
terms of the accepted theories of metallic and non-
metallic bonding.

The lower values of contact angle found on the
surface of the fused capillaries as compared with the
values obtained on the ground and polished capillaries
may well be due to the greater smoothness of the
fused silica surface. Since the true contact angle of
tin on perfectly smooth silica is certainly greater
than 90°, the tin does not penetrate into micro-
crevices on a rough silica surface and there is no
adhesion over these crevices; consequently, the
average work of adhesion is less than on a smooth
surface, which results in a higher contact angle.

In the early work of Smith 15 on liquid-metal
surface tensions, calculations were based upon a
contact angle of 180° between the metals and graphite;
later, Libmann 16 observed very high contact angles
between metals and alumina, and, in some cases,
calculations were based upon cos 6 = — 1. Although
a contact angle of 180° cannot be physically possible,
it is quite likely that the relatively rough graphite
and alumina surfaces used by Smith and by Libmann
led to contact angles of greater than 170°, so that the
error in taking cos 6 — — 1 may well have been small.
Extension of the present work using deliberately
roughened conical and cylindrical capillary surfaces
might well show' that, for many metals in contact
with roughened silica, cos 6 = — 1is a near approxima-
tion, and that consequently surface tensions could
conveniently be measured by determinations of
acos 6 with roughened cylindrical capillaries only.
Such a method would greatly simplify both experi-
ment and calculation, as well as minimizing errors in
both.

Simultaneous Determination of the Surface Tension of

V.—SUMMARY

() A method for the simultaneous determination
of the surface tension of a molten metal and its contact
angle with a refractory solid by the use of conical
capillaries is described in experimental and theoretical
detail.

(2) The surface tension of tin between 400° and
800° C. in a hydrogen atmosphere, determined by the
method, is (700 A: 25) — (0-17 ~ 0-015)T dynes/cm.,
where T isthe temperature in °K. The contact angle
of tin with fused or polished silica over the same
temperature range is 145°+ 10° independent of
temperature.

(3) Theoretical and practical implications of the
method and of the results are discussed.
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APPENDIX 1

Theory of Conical Capillaries

Fig. 7 represents the meniscus zone of a liquid,
e.g. a molten metal, in a capillary of a solid that it

Fig. 7.—Geometry of Non-Wetting Liquid in Conical Capillary.

does not wet. 0 is the point located by means of a
central contacting wire.

If P dynes is the total pressure difference across the
liquid surface, r cm. the radius of the capillary at
the level AB where the liquid leaves the surface,
a dynes/cm. the surface tension of the liquid, 6 the
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contact angle, and 2f>the apical angle of the capillary,
then by resolving forces vertically

P .t?>2= a.2ttrcos {180 — {6 — £}
and
2crcos (6 — P
r B (D

The experimental location of the point 0 enables
the radius s cm. of the capillary in the plane CD to
be determined. Thus if R cm. is the radius of
curvature of the liquid meniscus, assumed spherical,
then from Fig. 7

r=s+ htan
= s+ P(1 —sin Qtan &

P = -

V H -
oS 6(1—sm@tan4>

S CoS i3
cos 3— (1 —sin jJtan 6
3= 180— (66—
scos (6 —<H
cos 6
cos <

Substitution in (1) gives

= S+

or

and since

P = _&I/COSO

S \COS 9

©

The total pressure P for a conical capillary is made
up of several parts—the measured applied gas
pressure pg the head of liquid above the capillary,
and the pressure due to the weight of mercury within
the capillary. The head of liquid above the capillary
is treated as an unknown and is determined by the
use of an extra capillary; the correction for the liquid
in the capillary is calculated from the experimentally
determined dimensions of the capillary.

When determinations are made with, two conical
and one cylindrical capillaries, it is convenient to define
as pmthe depth of liquid from the surface to the
level of the capillary mouths, plus that due to the
weight of liquid in the cylindrical capillary when its
meniscus is just about to enter and run down to its
contacting wire. pm thus includes the meniscus
correction 1 f for the cylindrical capillary {Fig. 8),
E 1 being the height of a cylinder of liquid of radius
equal to that of the capillary and weight equal to
that ofthe liquid meniscus. The meniscus corrections
for conical capillaries are H2 &c. The correction to
be added to pg+ pmfor a conical capillary to take
account of the depth of liquid in it below the level
XY isthus (Fig. 8)

7P
Png

—{k—H1—(h—H2}— cm.ofmercury (5
png

Tc

where k is the depth of the contacting wire below the
capillary mouth, and the p’s are the metal densities.

549

The values of h and H for various capillary apica 1
angles and values of the radius s are found as follows.
From Fig. 7,

A= 60%(1—sin53) ............................. 6)

r(l - sin (180 — {6 — )
cos {180 — (0 —$} ~
and substituting for r by means of (4) and simplifying,
we have
h sind—f) —1
S cos <
cos 6

H e o (7)
man

Consider now a circular section of the meniscus
shown in Fig. 7, with radius y cm., height x cm.

Fid. 8. —Corrections for Head of Metal, Metal in Capillaries,
and Menisci.

above the point 0 and thickness dx cm. Its volume
is nyadx, and hence the total volume of the meniscus
is

J nyaix =77-J {IP — (R —x)Zdx

=n(Rh2- j
Thus the height of the cylinder radius r having
the same volume is
n(Rh2- j

Trr

fn PI)
Substituting R —r/cos B and for h by means of
(6) we obtain

, _ H1—sin (322 + sin 3
— 3 cos3B ’
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and finally substituting for r by means of (4)
H = (@—sinB@2+ sini3
s 31+ sinp{cosp— (1 —sin3tan
{L —sin (6 — + sin (6 — <Y}

0

Table 111 gives values for S—and —5 computed

by means of (7) and (8) for different values of 9 and <€
By its use (with suitable interpolation), the heights
H 1for a cylindrical capillary &= 0) and (h—//,) for
a conical may be found for any measured values of
the radii sv s2 and substitution of these values in
(5) givesthe correction pcfor the conical capillary.

31+ sin{9- €& ) } + tan%'

Table Ill.—Computed Values of H/s and (h — H)/s
for Meniscus Corrections.

(A — /)/m< for
0 I11» for J,= 0°

= 4° 30" i-s
130’ 0-190 0-159 0-145
140° 0-250 0-204 0-193
145° 0-285 0-226 0-217
150° 0-321 0-249 0-241
1603 0-407 0-292 0-289

When three conical capillaries are used, the pressure
pmis defined to take in that due to the height of
metal in the least deeply penetrated capillary,
including that equivalent to its meniscus zone. The
calculation of the corrections pcis otherwise similar to
that given above.

APPENDIX I
Typical Calculation of o and 9from Experimental
Data
Experiment 1.—For data see Table I.
27 f cos 9 tan 7° 36")
13-56 X 981 {0-0610 cos 7° 36' * 0-0610 J
= 0-482 Pm-r Pc, m (9)
2a f cos 9 , tan 4° 30
~ 13-56 X 981 (0-0403 cos 4°30' + 0-0403 J

= 1-038+ p,,+ p@ (10)

~ 13-56 X 981j0-0246(5)} = 2-512 + Vm '

pmand pQ p(t are the pressure corrections for the
head of metal in the crucible and for the metal in the
conical capillaries (as shown in Appendix 1).

Assume 9 = 150°; then from (5) and Table Il
(Appendix 1):
0-016 - 0-00S - 0-015

= 0-137(5) cm. Sn = 0-069 cm. Hg.
pg = 0-337(5) — 0-016 — 0-008 - 0-010

= 0-303(5) cm. Sn = 0-152 cm. Hg.

pH  0-176(5) -

Simultaneous Determination of the Surface Tension of

Subtracting (9) from (11), we have

lo-ob X 9&[ {10-56795 cos 9 - 16-53865 cos 9
- 2-18738} = 2-512 - 0-482 - 0-069 .
and subtracting (10) from (11)

(12)

J_O‘OOZ()7( Jc;-lr {40-56795 cos 9 — 24-89055 cos 9

— 1-95285} = 2-512 - 1-038 - 0-152 . (13)
Dividing (12) by (13), we have
24-02930 cos 9 —2-18738  1-961 ,» MQKOK
15-67740 cos 9 — 1-95285  1-322

24-0293 cos 9- 2-18738 = 23-2552 cos 9- 2-89678
0-7741 cos 9 — — 0-70940
cos 6 = — 0-9164
m9 = 156° 30"

Ave nowrecalculate p@ and p@ for the contact
angle 0f156° 30', obtaining as before from (5) and
Table 111 in Appendix | :
pd= 0-176(5) - 0-016 - 0-009 - 0-016

= 0-135(5) cm. Sn = 0-068 cm. Hg.
pa= 0-337(5) - 0-016 - 0-009 — 0-011
= 0-301(5) cm. Sn = 0-151 cm. Hg.
AVhence
24-0293 cos 9 - 2-18738
15-6774 cos 9 — 1-95285
2-512 — 0-482 —0-068  1-962
~ 2-512 - 1-038 - 0-151 ~ 1-323
24-0293 cos 9 — 2-18738 = 23-2495 cos 9 — 2-89607
0-7798 cos 9 — —0-70869
cos 9 — — 0-90881
9 = 155°
and from (12)
—2(7(24-0293 cos 9 — 2-18738) =1-962 X 13-56 X 981
2a(24-02547) = 26099-23
0 = 543 dynes/cm.

APPENDIX 111

Estimation of Errors

(1) Determination of Surface Tension and Contact
Angle
The errors in the values of a and 9 obtained depend
on the experimental errors in (), s, and pg. Although
the fundamental equation (2) is an approximation,
the error involved is considerably less than these
experimental errors.

Error in Capillary Angle, £

The semi-apical angle of the conical capillary was
determined from a plot of diameter of a wax replica
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against its length. It may be estimated from the
graphs obtained that the error is probably only £1".

Error in Radius, s cm.

(@) The travelling microscope, used for determining
the depth of a wire tip below a capillary tip, had a
depth of focus of just less than 0-001 cm. It was
found experimentally that the readings, on the wire
tip and on the capillary tip, could be obtained con-
sistent to 0-001 cm., i.e. the depth could be estimated
to £0-0005 cm. An error of +0-0005 cm. in the
depth corresponds to an error of £0-0005 tan ¢&cm. in
the radius; thus, since tan ¢is c. 0-1, the error in the
radius is ¢. £ 0-00005 cm.

(6) There is an additional error in the radius
associated with the error in the estimation of the
expansion of the indicating tungsten wire. The
magnitude of this second-order error is not known,
but the reproducibility of surface tension and contact
angle values suggest that it is small.

(©  An error due to the expansion of silica is also

present, but it is so small that it may be ignored.

Error in Pressure, pOcm. Hg

The solution of the simultaneous equations for
a and 6 involves pressure differences and not absolute
pressures; consequently, any possible errors in gauge
calibration, or any systematic errors in reading the
gauge, are largely eliminated. The photograph of
the gauge, enlarged approximately to 2-5 times the
actual gauge size, enabled the readings to be obtained
to £0-005 cm.; thus, since the gauge had a magnifica-
tion factor of over 5, the error in the absolute pressure
is probably less than £0-001 cm. of mercury.

Table 1V records the influence of these errors on
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the values of surface tension and contact angle, as
calculated by the use of equation (2).

Tabte IV.
Error in Errorin 0 Errorin a
Capillary angle : 1" + 06% -FO-75%
Radius : +0-00005 cm. + 10% TI1-25%
Pressure : +0-001 cm. Hg. . +1-25% -FI'45%
Total error: +3-0% +3-5%
) Determination of a cos 6

For a single determination of acos9, the gas
pressure, pg, needed to force the molten metal into
a cylindrical capillary of known radius, r' cm., was
measured for two capillaries. The values obtained
were substituted in equation (3), and the value of
acos0 was calculated by solving the resultant
simultaneous equations.

Error in Radius, r' cm.

The radii of the capillaries were measured to
+0-00005 cm., using a projection technique.

Error in Pressure, p,, cm. Hg

This is the same as for conical capillaries, viz.
+0-001 cm. of mercury.

Consideration of these errors in the radius and
pressure shows that the fcos 8 values should be
accurate to *1-2%. However, this is an under-
estimate, since the difference between the major and
minor axes of the capillary bores (usually, however,
less than 0-5% and always less than 1-0%) has not
been considered.
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A THEORETICAL
DEFORMATION TEXTURES OF TITANIUM*

INVESTIGATION OF THE

By D. N. WILLIAMS,f Ph.D., Member, and Professor D. s.
EPPELSHEIMER.j D.Sc., Member

SYNOPSIS

Tko deformation process in titanium was examined by applying the Calnan and Clews method
of texture analysis (Phil. Mag., 1950, [vii], 41,1085; 1951, [vii], 42, 616, 919; 1952, [vii], 43, 93)
to the experimentally determined textures. It proved possibleto develop a theoretical deformation
process which would result in the formation of the observed deformation textures. This deforma-
tion process required the interaction of three slip systems, {001}<I1120>, {1011} <1120>, and
{1010}<1120>, and two types of twinning, {1012} and {1122}. Each of these modes of deformation
was examined separately, and then they were combined to give the observed deformation textures.
The critical shear stresses for slip (C,) and for twinning (Ct) were found to be related in the

following manner: Ct<mi =

I.—INTRODUCTION

The cold-rolled textures of several hexagonal metals
have been found to be predominantly (0001)[1120],
This texture is the result of {0001}<1120> slip and
{1012} twinning.1 Recent investigations of the metals
titanium,2 zirconium,3 and beryllium 4 have indicated
that these hexagonal metals do not deform by this
simple mechanism, since their cold-rolled textures
deviate considerably from the ideal (0001)[1120]
texture.

Titanium showed the greatest deviation from the
ideal hexagonal texture; it showed a (0001)[1010]
texture rotated 30° toward the transverse direction.
The textures of titanium after compression 5and cold
rolling 6were re-determined, using a semi-quantitative
Geiger-counter pole-figure technique. The results of
these experimental texture studies were examined by
the method of texture analysis developed by Calnan
and Clews,7-10 which had been successful in predicting
the texture of both zinc and magnesium.

By use of the Calnan and Clews method of texture
analysis, it was possible to postulate a theoretical
deformation process which would result in the
formation of the experimentally observed deformation
textures of titanium.

I.—THE DEFORMATION TEXTURES OF
TITANIUM

No texture studies of the tension texture oftitanium
have been reported in the literature. The wire
texture has been examined by Yen 11 and found to
be [1010]. The tension texture is generally similar
to the wire texture in hexagonal metals. The tension

* Manuscript received 28 November 1952.

f Research Engineer, Kaiser Aluminium and Chemical
Corporation, Spokane, Washington; formerly National Lead
Research Fellow, Missouri School of Mines and Metallurgy,

1-1 C,10ft = 1-02 CIWI0 = <mi0j2 = C(n22.

texture of titanium has therefore been assumed to
be [IOIQ] in the following discussions.

The compression texture of iodide titanium has
been described as a rotated [0001] texture.5 As the
amount of reduction in compression increased, the
angle of rotation of the [0001] texture decreased,
varying from 32-5° at low reductions to 17-5° at
98-9% reduction. The relative intensity of the 0001
maximum was practically constant regardless of the
amount of reduction, suggesting that the compression
texture was an equilibrium texture existing between
two opposing end textures. A slight indication that
the [0001] rotation occurred about a <1010> axis
was noticed in the 1010 and 1011 pole figures.

The texture of cold-rolled iodide titanium was
found to be (0001)[10I0], rotated 30° in the transverse
direction 6 as previously reported. A very strong
maximum was found in the rolling direction of the
1010 pole figure. This maximum was seven times
stronger than the second maximum in the 1010 pole
figure. The 0001 pole figure showed a spread of
orientations from the transverse direction to the
rolling plane normal along the transverse axis. An
0001 maximum was measured at an angle of 30°
from the rolling plane normal with a minimum
occurring at the rolling plane normal. At lower
reductions a weak 0001 maximum was noticed in the
transverse direction. This maximum disappeared as
the reduction increased.

I1I.—THE CALNAN AND CLEWS METHOD
OF TEXTURE ANALYSIS

The Calnan and Clews method of texture analysis,
referred to below as the Calnan and Clews method, is

Rolla, Missouri, U.S.A.
{ Professor of Metallurgical Engineering, Missouri School
of Mines and Metallurgy, Rolla, Missouri, U.S.A.
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a method of averaging the slip-rotation tendencies of
grains with all possible orientations for the deter-
mination of the main rotation tendency leading
toward the formation of the deformation texture.

The Calnan and Clews method is based on the
following assumptions:

1. Only the slip or twinning system which has the
maximum resolved shear-stress ratio will be active.
The resolved shear-stress ratio is defined as the ratio
of the resolved shear stress to the critical shear
stress. When the value of this ratio is greater than
unity, slip or twinning should occur. For double slip
to occur, two slip systems must have equal resolved
shear-stress ratios. Multiple slip occurs whenever
three or more slip systems havq equal resolved
shear-stress ratios.

2. Slip and twinning are equally probable when the
resolved shear-stress ratio for slip equals the resolved
shear-stress ratio for twinning. If the resolved shear-
stress ratio for twinning exceeds the resolved shear-
stress ratio for slip, twinning will occur.

3. The value ofthe resolved shear stress is calculated
from the position of the effective stress, Te rather
than from that of the applied stress, Tu. It is possible
for Tcto be some distance from Ta. By the use of
the concept of effective stress, it is possible to explain
why a single grain can deform by multiple slip when
the applied stress position is such that only single slip
should occur. Thus it is possible for single, double,
and multiple slip to occur in the same grain owing to
differences in the positions of the effective stress in
various parts of the grain. The movements of Te
from Ta can be visualized as the result of grain-
boundary influences.

To determine the general rotation tendencies, the
resolved shear-stress contour diagram for the slip
system having the highest resolved shear-stress ratio
is plotted in the unit triangle. If two or more slip
systems are active within the unit triangle, the resolved
shear-stress diagram for each system is plotted in the
portion of the unit triangle in which it is active.8

The rotation tendencies for single slip and double
slip are determined for each position of Tawithin the
unit triangle. In single slip, the slip plane normal
rotates toward the stress axis in compression and the
slip direction rotates toward the stress axis in tension.
In double slip, the great circle joining the two active
slip plane normals rotates toward the stress axis in
compression and the great circle joining the two active
slip directions rotates toward the stress axis in tension.
In multiple slip no rotation occurs if the stress axis
is located symmetrically. If the stress axis is un-
symmetrically located, rotation occurs towards a
symmetrical position. These rotations are shown by
appropriate movements of the stress axis in the unit
stereographic triangle, since the slip direction and slip
plane normal are fixed.

For simplicity, the movement of Teis restricted to
a contour gradient, that is, Teis allowed to move only
along the most direct route from one resolved shear-
stress contour line to the next lower line. Whenever
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the resolved shear stress exceeds the critical stress
necessary for slip to take place, slip may occur or Te
may move to a position of lower resolved shear stress
such that the resolved shear stress is no longer greater
than the critical shear stress. The movement of Te
and its effect on texture formation is discussed fully
by Calnan and Clews.79

The Calnan and Clews method has been successful
in explaining the deformation textures of the hexa-
gonal metals magnesium and zinc 9 and also metals
in the face-centred cubic,7 body-centred cubic,8 and
orthorhombic 10 systems.

IV.—THE CALCULATION OF RESOLVED
SHEAR-STRESS VALUES

The resolved shear stress for any slip system is
equal to Tacos x cos A where x is the angle between the
stress axis and the slip plane normal, Ais the angle
between the stress axis and the slip direction, and
Tais the applied stress.

The resolved shear stress for any twinning system
is equal to Tacosy cos 8, wherey is the angle between
the stress axis and the twin plane normal, S is the
angle between the stress axis and the twinning shear
direction, and Tais the applied stress.

The resolved shear-stress values for all the slip
planes in the slip system being considered were
calculated, and the resolved shear-stress contour
diagram plotted for the slip plane having the maximum
value. A similar calculation was made for each twin
plane in the twinning systems considered.

Values of x, Ay, and S were determined by direct
measurement over a 7-in. Wulff net graduated in
2°intervals. Measurements were made by estimating
to the nearest 0-2° and the results of the cosine
function plotted. Shear-stress contour diagrams
were obtained by making sufficient measurements to
locate the approximate position of each contour line.
These diagrams are probably accurate to about 2°.
Boundary lines between two slip systems or between
slip and twinning systems were located by plotting
the positions of Taand measuring the values of the
appropriate angles until the following equations
were solved :

for slip : cosoqcosAJC,, = cosa;2cosAa/C,, (1)
for twinning: cosx cos A/C, = cosy cos S/C/ (2)

where C, is the critical shear stress for slip and Ct is
the critical shear stress for twinning.

A mathematical analysis8 has shown that this
boundary may have two possible forms. At least
three points were located on each boundary to deter-
mine its position and its form.

Values of the ratios between the critical shear
stresses had to be assumed. In some cases there was
justification for the assumptions made, but in most
cases there was a considerable range of possible
values.
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V.—DEFORMATION BY SLIP

The hexagonal metals subjected to critical study
have been found to slip in the {0001}<1120> system.1
This system will tend to give a tension texture of the
type [1120]. Examination of the wire texture of
titanium 11 showed titanium to have a strong [1010]
texture. A preliminary report on the plastic flow
of titanium 12 showed slip in titanium to occur on
both the {1010} and {1011} planes. These results
have not yet led to a determination of the slip
direction. Since the slip direction is usually retained
in other metals which exhibit slip on several planes,
a <1120) slip direction was assumed. The results
showed no evidence of {0001} slip, but at the low
reduction necessary for location of slip elements by
the trace method, this mode of slip may be relatively
inactive. As will be shown later, {0001} slip was
essential in the explanation of the compression and
rolling textures. The resolved shear-stress contour
diagram for each of these three slip systems was
developed, and the resulting tension and compression
textures were examined. Finally, the three slip
systems were combined to give a tension and com-
pression texture that agreed as much as possible with
the observed textures.

1. {0001}<1120> Suip

Slip on the base plane is simplified by the existence
of only one active slip plane. The resolved shear-

10

stress contour diagram is shown in Fig. 1. At both
the [0001] point and the [1010]-[1120] edge the
resolved shear stress is zero and no slip can occur.
Within the unit triangle slip occurs on the (0001)[1120]
system. Double slip occurs along the [0001]-[1010]
edge on the (0001)[1120] and (0001)[21I0] systems.

Single-slip rotations in tension are toward [1120].
Double-slip rotations in tension are toward [IOIO],
The tension texture will therefore consist ofa moderate
[1120] component with a spread of orientations along
the [1010]-f1120] edge.

In compression both single and double slip rotations
lead to a [0001] position, resulting in a strong [0001]
compression texture.

Slip on the {0001}<1120> system has been
examined by Calnan and Clews, and a complete
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discussion of the rotation tendencies may be found in
their treatment.9

2. {1011}<1120> silip

The {1011}<1120> system contains six slip planes,
each of which has two possible slip directions. The

1120

Fig. 2.—Resolved Shear Stress Contours for {1011}<1120> Slip.

resolved shear-stress diagram for this system is
shown in Fig. 2. This diagram is more complicated
than that for {0001} slip, since two different slip
systems are active within the unit stereographic
triangle. In addition, points B, [1120], and [1010]
each support multiple slip on four slip systems. In

1120

1120

the region M-B-[1120]-[1010] slip occurs on the
(0lN[2N10] slip system. In the region [0001]-A-Z>
slip occurs on the (1101)[1120] slip system. Double
slip occurs along the boundaries [0001]-[1010],
[1010]2120], [1120]-£, B-[0001], and A-B.
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The tension rotations and the resulting tension
texture for {1011} slip are given in Fig. 3. Owing to
the unsymmetrical position of the slip planes at
point B, multiple slip occurs. Single slip rotations
are shown by an arrow marked I, double slip rotations
by an arrow marked Il, and multiple' slip rotations
by an arrow marked m. Areas within which the
rotation tendencies are similar are enclosed by
dashed lines. Examination of the tension rotations
shows a strong [1010] texture plus a weak [1120]
texture. Those orientations along the [1120]-[0001]
edge have a strong probability of rotating by double
slip to the [1120] point, where they will be stable.

In the compression rotations (Fig. 4) there exist a
number of possible end positions. Double slip along
the [1120]-jB edge causes rotation of the stress axis
toward the great circle joining the two active slip-
plane normals. This will give a strong preferred
orientation at approximately 32° from the [1120]
point. Since single slip rotates most of the orienta-
tions within the A-B-[1120]-[1010] region to the
[1120]-B edge, the concentration at 32° should be the

1m0

0001 1010

Fio. 4—Compression Slip Rotations and Compression Texture
Resulting from {1011}<1120> Slip.

main texture in the {101} slip system. Subsidiary
textures are probable at the points indicated in Fig. 4.

3. {10103<1120> Stip

This slip system is symmetrical about the midpoint
between the [1010] and [1120] points, as is shown
in Fig. 5. Within the unit triangle slip occurs on the
(0110)[2110] system. Double slip occurs along the
[0001]-[1010] and [0001]-[1120] edges.
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The single-slip tension rotations are towanl [21i0],
while double-slip rotations are toward_[1120] along
the [0001]-[1120] edge and toward [1010} along the
[0001]-FL0I0] edge. This will result in the formation

oooi °-/ \ 0-18 °-i* 1010

Fig. o.— Resolved Shear Stress Contours for {1010}<1120> Slip.

of a strong [IOIO] component plus a weak [1120]
component in the tension texture.

The single-slip compression rotations are toward
[0110], while the double-slip rotations remain the
same as in tension. A strong [1120] component plus
a weak [1010] component will occur in the compression
texture.

4. Combined Slip System

Before the three slip systems are combined it is
necessary to consider the experimental data. The
tension texture of titanium has be en shown_to be
primarily [IOIO].11 Thus either {1010} or {10II} slip
must predominate near the [1010]-[1120] edge. The
compression texture has been shown5 to have a
maximum in the 0001 pole figure 30° from the axis
of compression. The angle between this maximum
and the compression axis decreased with increased
reduction. A slight tendency for the compression
axis to be on the [0001]-[1120] edge was also noticed.
Since {1010} slip cannot produce rotation toward
[0001] in compression and since {10ll} slip tends to
produce a 0001 maximum 58° from the axis of com-
pression (see Fig. 4), {0001} slip must be active at
least to a point within 32° of the [1120] point along
the [0001]—1120] edge.

The determination of slip elements of titanium 12
indicated that {0001} slip was absent and {1010} slip
was the primary mechanism of slip. Because of these
results the {0001}-{1011} slip boundary was adjusted
so that the critical shear stress for {0001} slip was as
large with respect to the critical shear stress for
{1011} slip as possible without allowing {1011} slip
to form the maximum along the [0001]—1120] edge
32° from [1120], This was accomplished by placing
the_boundary between the two systems 30° from
[1120], Equation (1) was used for this calculation,
and the following ratio of the critical shear stresses
was obtained,

~oooi = 1*1 Hnoil (31
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Although the results of the above-mentioned
determination of slip elements in titanium indicated
that {1010} slip predominates at low reductions, the
lack of appreciable [1120] compression texture at
higher reductions5 indicates that it is relatively
unimportant or possibly completely absent at high
reductions._ For the purpose of this development the
{1010}—1011} slip boundary was calculated on the
assumption that it crossed the [0001]—1120] edge 5°
from [1120]. This resulted in a ratio of critical shear
stresses o f:

~uolo = 1078 Cnoji . . . 4
The assumption that {1010} slip is occurring is un-
necessary at high reductions, but it is included so that
its effect at lower reductions may be considered.

Combining equations (3) and (4) gives the following

relationship between the critical shear stresses for
slip on the three slip systems :

Auou = 1'02 Gnoi0 . (5

The tension and compression textures resulting from
the assumption that the above ratios of critical shear
stress were correct are shown in Figs. 6 and 7. The

slip systems active in the combined slip system are
given in Table I.

Examination of the tension rotations and the result-
ing tension texture given in Fig. 6 shows that the

Njoooi =

Fig. 6.—Tension Slip Rotations and Tension Texture Resulting
from Combined Slip System.

texture will be predominantly [1010]. A weak
[1120] texture is also evident.
The compression rotations and the compression

texture as given in Fig. 7 show a predominant [0001]
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texture plus a weak secondary [1120] texture. Also

of interest is the noticeable increase in density along

the [0001]—f1120] edge which is the preferred route
N
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Fig. 7.—Compression Slip Rotations and Compression Texture
Resulting from Combined Slip System.

of rotation to the [0001] position. Although the slip
system developed here gives the desired rotation
tendency for the observed compression texture, the
maximum 30° from [0001] is not developed and must
be a result of mechanical twinning.

Tabte |.—Active Slip Elements in the Combined
Slip Systems.

Position Active Slip System

None—Fracture

(Ollopl10j; (1100)[1120j

(0110)[2110]; (1070)[T210j

(0001)[1120j; (OOOQIiplIO]; (oltly[2110j:
(1101)[1120j

(0001)[1120]; (OMNipllOj; (woll)[1210j
(0111)[2110]; (101)[lI120); (OliOPpiiO);

(1100)[1120j
(OlipllOj; (10ID[1210]; (ol10)[2110j;
(1010)[1210]
[0001]-1F (0001)[1120j; (0001)[2110]
[0001]-X (0001)[1120j
W-X (0001)[1150]; (OMHipllO]j
IV-Y (onnrz2noj; (1o1)[i20j
X-Z (Ollipl1Oy; (1011)[1210)
Y-Z (onnfznoj; (OllopllOj
[1010]-F (OllOpl110j; (1100)[1120j
[1120]-Z (OllOpl10j; (1010)[1210j
[1010j—1120] (OllopllO
[00O0Ij-T-X (oo01)[1120
W-X-Z-Y (Ollipl1o
y-Z-[ii20]-[iolO] (OllopllO
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VI.—DEFORMATION BY TWINNING

Hexagonal close-packed metals twin most easily
on the {1012} planes. It has been shown 13 that
metals with a c/a ratio of less than 1-732 will not

C AXIS

1012 Twinning
a= 9-8°

1122 Twinning

[13 - 12@
C AXIS
1121 Twinning
a= 420°

Fig, 8.—Twinning Shear Direction of Twinning on {1012}, {1122],
and {1121} Planes of Titanium.

twin by {1012} twinning when the axis of compression
is along the c-axis of the unit cell. Thus the minimum
near [0001] apparent from the 0001 pole figure for
compressed and for cold-rolled titanium cannot be
the result of twinning on the {1012} planes.

To explain the minimum evident in the com-
pression texture, a new type of twinning must be
assumed which can occur in compression from the
[0001] position. Several types of twinning can be
visualized which will take place from this position.
The {1011} twinning reported in magnesium 14 would
be an example. Similarly, both the {1121} and
{1122} twinning reported in titanium12 have the
ability to occur from a [0001] position in compression.

A comparison ofthe twinning shear angles, the angle
between the diagonalsof the twinned and untwinned
unit cell, of {1012}, {1121}, and {1122} twinning is given
in Fig. 8" It seems likely from inspection of this figure
that {1122} twinning should occur much more readily
than {1121} twinning. Attempts to develop a
satisfactory picture of the atom movements in {1121}
and {1122} twinning such as has been done for {1012}
twinning 13 were unsuccessful.

For the purpose of this development of the twinning
effects, the following_assumptions were made :

(1) {1012} and {1122} twinning are of about equal
frequency and {1121} twinning is relatively rare.
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(2) The twinning shear stress for {1122} twinning
is in the direction shown in Fig. 8, and the c-axis,
twin plane normal, and twinning shear direction are
in the same plane.

(3) The critical shear stresses for {1012} twinning
and {1122} twinning are equal to the critical shear
stress for {0001} slip.

The method of twinning analysis shown to give
satisfactory results for magnesium and zinc9 was
used.

1. {1012} Twinning

For the purpose of calculation the assumption was
made that the critical shear stress for twinning on
the {1012} planes was equal to the critical shear
stress for slip on the {0001} planes. Thus, from
equation (5):

CtloTa= a 00l = 1-1 « W = 1-02 Cnolo (6)

Fig. 9.—Reorientation Resulting from {1012} Twinning from
the Combined Slip System.

(a) {1012} twinning in tension.
(6) {1012} twinning in compression.

The boundary between the slip and twinning areas
was determined by use of the formulae :

COSy c0S S = ncosx cosA  intension

COSY COSS = —n Ccos X cos A in compression
where n — Ct/Cs.

)
G)
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The boundaries for twinning in both tension and
compression based on the combined slip system
shown in Figs. 6 and 7 were calculated for all six of
the possible {1012} twinning systems. The most
favourable system was assumed to be that which
included the greatest area of the unit stereographic
triangle.

Each point in the twinning area will move to the
same angle beyond the twin plane normal as its
initial angle from the twin plane normal. The
twinning area, T, the active twin plane normal,
marked by number, the new twinned orientation,
T1, and the new twinned orientation placed in the
unit stereographic triangle, T2 are shown in Fig. 9.

It is seen that {1012} twinning assists slip rotations
by twinning toward the [0001] in compression and
toward the [1010]—L120] edge in tension.

2. {1122} Twinning

The boundary conditions for {1122} twinning were
determined in the same manner as those for {1012}
twinning. In this case, however, the signs of the
two equations, (7) and (8), were reversed because of

Fig. 10.—Reorientation Resulting from {1122} Twinning from
the Combined Slip System.

(a) {1122} twinning in tension.
(b) {1122} twinning in compression.

the change in the twinning shear direction (see
Fig. 8). The shear stress ratios were assumed to be
— ftooot = 1*1 ftioii =

ftim ftiolo 9)
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The most favourable twinning system was deter-
mined in the same manner as in the case of {1012}
twinning. The results of the twinning re-orientations

100

Fio. 11—Tension Texture Resulting from Combined Slip on the
{0001}<1120>, {1011}<1120>, and {1010}<l120> Slip Planes
and Twinning from the {1012} and {1122} Planes.

are given in Fig. 10. {1122} twinning opposes slip
rotation in compression, but in tension its only effect
is to remove those poles in the subsidiary [1120]
texture.

Since, from the geometry of twinning shown in
Fig. 8, {1121} twinning appeared much less likely
to occur than {1122} twinning, no calculations were
made for this twinning system. The general effects
of {1121} twinning would be the same as for {1122}
twinning.

VII.—THE TENSION TEXTURE OF
TITANIUM

The results plotted in Figs. 6, 9, and 10 for tension
are combined in Fig. 11. In this figure it is seen that
{1012} twinning aids in developing the [1010] texture,
while {1122} twinning prevents the formation of the
subsidiary [1120] texture. The net result of slip on
three systems and twinning on two is a strong [1010]
tension texture. This texture should be developed
early. As the critical shear stress on the {10j0} slip
planes increases, the boundary between {1011} and
{1010} slip moves toward the [1010]-[1120] edge.
When the critical shear stress has increased until the
two systems are equally favoured at [1010], when
Cnoix = 0-878 C,10/0, there are six active and stable
slip systems at [1010]. The [IOIO] tension texture
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would therefore be expected to remain unchanged
until the material failed.

VIII.—THE COMPRESSION TEXTURE OF
TITANIUM

The data from Figs. 7, 9, and 10 are combined in
Fig. 12. In this case {11°2} twinning is active in
preventing the slip rotation from reaching the stable

uio

Fig. 12—Compression Texture Resulting from Combined Slip on
the {0001}<l20>, {1011}<1120>, and {1010}<II20> Slip
Planes and Twinning from the {1012} and {1122} Planes.

end position. {1012} twinning is of little importance
in compression. As the slip rotations lead to the
twinning region, the grains are twinned to a position
near the [1120] point. Thus, as deformation increases,
the slip rotations tend to be concentrated more
completely along the [1120]-[0001] edge of the unit
triangle. This accounts for the preferred orientation
noticed in the 1010 and IOIl pole figures of com-
pressed titanium.5

As the slip rotations lead toward the [0001] position
and the twinning re-orientation leads away from this
position, a spread of orientations from the slip-
twinning boundary to the [1120] position will occur.
An equilibrium texture will arise near the slip-twinning
boundary. The decrease of the angle between the
compression axis and the [0001] position with
increased reduction may be attributed to a relative
change in the ratio of the critical shear stress for
{0001} slip and {1122} twinning such that the boundary
between slip and twinning moves toward [0001].
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The absence of any appreciable [1.120] compression
texture indicates that {1010} slip is probably com-
pletely absent at high reductions. The ability of the
{1011} slip system to trap the stress axis in the mini-
mum occurring in the resolved shear-stress diagram
at [1120] (see Fig. 4) would be sufficient to account
for the slight [1120] texture apparent at high
reductions.

IX.—THE COLD-ROLLED TEXTURE OF
TITANIUM

Cold rolling can be considered as tension in the
rolling direction and compression on the rolling
plane.’l5 The observed cold-rolling texture of
titanium, (0001)[1010] rotated 30° in the transverse
direction, can therefore be visualized as a combination
of the [1010] tension texture and the rotated [0001]
compression texture. Since the [0001] rotation
occurs preferentially about a <10l0> axis, both the
tension and the compression textures may be satisfied
simultaneously in cold rolling.

In Fig. 13 the compression and tension rotations
and the twinning re-orientation are shown in a 0001
pole figure. 1f random initial orientation is assumed,
the following tendencies are apparent. Since tension
rotation tends to move a <1010) direction into the
rolling direction, the 0001 poles should move to the
transverse axis along the line of most rapid descent,
a great circle passing through the rolling direction
and the 0001 pole being considered. Compression
rotations tend to move the 0001 poles toward the
rolling plane normal. The tension and compression
rotations are marked T and C in Fig. 13. The

R.D

Fig. 13—Form of the (0001) Pole Figure of Titanium Resulting
from Tension in the Rolling Direction and Compression
Along the Rolling Plane Normal.

resultant 0001 pole rotation is shown by_an arrow
marked R. Tension twinning on the {1012} planes
(Fig. 9) will tend to remove all 0001 poles within
approximately 29° of the rolling direction to a
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position near the transverse direction. Compression
twinning on the {1122} planes will twin the 0001
poles from a region within 30° of the rolling plane
normal to a region near the circumference of the pole
figure (Fig. 10). Twinning re-orientations are indi-
cated by dashed arrows in Fig. 13. Those poles
falling within the {1012} tension twinning area near
the rolling direction will be twinned to the transverse
direction, depleting the area enclosed by the long
dashes. As the resultant slip rotations tend to
move the 0001 poles toward the transverse axis, and
from there toward the rolling plane normal, an
equilibrium state will gradually be established in
which the 0001 poles rotate by compression toward
the rolling plane normal and by twinning are removed
to the transverse direction to rotate again toward the
rolling plane normal. The resulting 0001 pole figure
will have a shape similar to that indicated by shading
in Fig. 13.

X.—DISCUSSION

By application of the Calnan and Clews method it
has been possible to develop a theoretical deformation
process based on the experimentally determined
deformation textures of titanium. It should be
emphasized that the agreement of the theoretically
developed textures with those actually observed is
the result of the choice of assumptions and does not
indicate that the assumptions are correct. The
validity of the assumptions made cannot be deter-
mined until more complete information is available
on the actual modes of slip and twinning in titanium.

The method developed by Calnan and Clews is
seen to be quite versatile, allowing not only the
prediction of the deformation textures when the
modes of deformation are known but also the pre-
diction of the modes of deformation when the de-
formation textures are known. The ability of their
method to give an indication of the ratio of critical
shear stresses among various systems may also prove
of value as more accurate defornration textures are
determined.

The change in the critical shear-stress ratio between
two types of slip or between slip and twinning allows
changes in the deformation texture with increased
reduction to be considered. The assumption that
the actual boundary may be located exactly by the
methods of texture analysis requires the consideration
of an additional factor. In the analysis of the com-
pression texture, for example, the slip-twinning
boundary is placed 30° from the [0001] point to agree
with experimental results. The ability of Te to
move away from Ta is not considered. If it is
assumed that the actual boundary is 10° from [0001]
in Fig. 12, the decrease in intensity from 30° to 10°
in the measured compression texture can be attributed
to the variation in movement of Te from Ta That
is, if Teis assumed to have a probability of further
‘movement rather than slip decreasing with increased
distance from Ta and equal to zero when Te has
moved 20° from Ta both the maximum at 30° and
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the variation between 30° and 10° would be explained.
It should be remembered that movement of Te does
not imply movement of Ta. A crystallite oriented so
that Tawas at 30° could conceivably twin from this
position even though the slip-twinning boundary
was at 10° if Te was allowed sufficient freedom of
movement. This will introduce the effect of freedom
of movement of Teto the already discussed change of
ratio of the critical shear stresses which should be
considered in placing boundaries. Since there is at
present no provision for considering the maximum
movement of Tcor the effect of increased deformation
on the maximum movement in the method of analysis
developed by Calnan and Clews, this factor has been
neglected. As more critical studies of the deformation
textures of metals are conducted, the movement of
Te may be found to give an explanation of the
differences in the deformation textures among metals
of the same crystal structure.7

The existence of an equilibrium type of cold-rolled
texture may account for the large amount of deforma-
tion by cold rolling which titanium can absorb
without failure. The slip planes which support the
major portion of the slip are continually changing
during the deformation process, so that there is no
rapid work-hardening on any one set of slip planes.
The absence of any point of zero resolved shear stress
is also of interest.

This analysis of the deformation textures of titanium
would also be expected to explain satisfactorily the
deformation textures of zirconium and beryllium
with slight modifications of the critical shear-stress
ratios.

X1.—CONCLUSIONS

By suitable choice of slip and twinning elements
and their relative critical shear stresses, it was
possible to develop a satisfactory explanation of the.
tension, compression, and cold-rolling textures of
titanium, using the theoretical method of texture
analysis developed by Calnan and_Clews. _Slip was
assumed to occur on the {0001}<(1120>, {1010}<(1120)>,
and {10113}<1120> slip systems, with {1011}<1120>
slip being most prominent. {1122} twinning was
shown to be a possible cause of the minimum near the
centre of the 0001 pole figure in the cold-rolled
texture of titanium. An equilibrium-type texture
existing between the stable end-points for slip and
twinning was found to be probable in compression.
A stable [1010] texture was developed in tension.
The rolling texture consisted of a combination of
the tension and compression textures such that
tension in the rolling direction kept one set of opposing
<10I0> poles in position in the rolling direction while
the remaining poles were free to rotate in the transverse
direction about this axis, according to the com-
pression tendency for the 0001 pole to move con-
tinually between positions 30° and 90° from the rolling
plane normal. The experimentally determined com-
pression and cold-rolling textures made it possible
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THE

INFLUENCE OF COMPOSITION ON THE

INCIDENCE OF STRAIN MARKINGS

IN ALUMINIUM ALLOYS *

By W. H. L. HOOPER,f B.Sc,,

Member

SYNOPSIS

Using the surface-measuring technique previously described (J. Inst. Metals, 1951-52, 80, 17),
the form and intensity of stretcher-strain markings in relation to composition and thermal treat-

ment have been investigated.

It has been established that, in aluminium-magnesium alloys of

commercial and high purity, magnesium itself, rather than impurities or grain-refining additions,
is responsible for stretcher-strain effects, which are absent with less than about 1% magnesium,
and severe only with more than about 2% ofthis element. mLow-intensity markings are developed
in aluminium-copper-magnesium alloys after quenching to retain the alloying constituents in

solid solution.

It is concluded that, as in mild steel, strain markings are associated with atomic

re-arrangement in an unstable, supersaturated solid solution.

I.—INTRODUCTION

Of the aluminium alloys used commercially in sheet-
metal work, those containing magnesium as the
principal alloying addition appear to be particularly
prone to stretcher-strain effects. Strain markings in
these materials have been studied and described in
some detail,1-2 since they are of significantly greater
magnitude than similar effects observed in some
other aluminium alloys.34

A method of approach to the investigation of
yield-point phenomena to which considerable atten-
tion has been paid is the study of stress/strain curves,
the occurrence of discontinuities on which is frequently
associated with the incidence of stretcher-strain
markings on the specimen under test. For example,
MacReynolds 5has shown that the presence either of
small quantities of impurities or of deliberate additions
of copper in 99-996% aluminium causes steps to
appear in the originally smooth stress/strain curve,
indicating a change in the manner of deformation
from a process of uniform extension to one involving
a series of sudden yields in rapid succession.

The most detailed studies of strain markings in
relation to composition have been made on mild
steel,6-8 and it has been established that the sharp
yield point which accompanies the formation of
strain bands is not an inherent property of pure
iron, but depends on the presence of small traces of
carbon and is intensified by the presence of nitrogen.
Thus Snoek 6 found that pure iron with less than
0-0001% carbon showed no such sharp yield point,
but that the addition of 0-003% carbon was sufficient
to produce a clear discontinuity in the stress/strain
curve. Mild steel, in which these discontinuous
straining effects are evident, also exhibits strain-

* Manuscript received 11 February 1953.

ageing effects, i.e. light straining at room temperature
is followed by age-hardening, but no such effect is
apparent in pure iron. Edwards, Phillips, and
Jones9 have found that elements such as titanium,
which have a strong affinity for carbon, and form
carbides in steel, reduce this strain-ageing effect.
There is thus strong evidence for the presumption
that strain-band formation in steel is associated with
the presence of a supersaturated phase.

Existing data referring to aluminium alloys point
to the analogy between the behaviour in strain of
mild steel and that of industrial aluminium-mag-
nesium alloys in which the magnesium content
exceeds the equilibrium a solid-solution limit at room
temperature—the magnesium-rich p phase in these
alloys can, in fact, be precipitated at temperatures
as low as 50° C. However, the possible influence of
other elements generally present, such as iron,
silicon, and manganese, must he recognized.

I1.—SCOPE OF INVESTIGATION

Straining experiments were carried out on alloys
in the form of sheet in the soft recrystallized condition
resulting from appropriate annealing or heat-treat-
ment. Since it had been established in the earlier
published investigation,2 and amply confirmed in
subsequent experiments, that stretcher-strain effects
were developed only in sheet with a mean grain-size
of less than 0-05 mm., each material was subjected
to appropriate processing to obtain the required fine
grain. It was necessary to make grain-refining
additions to high-purity alloys, which could not
otherwise be prepared with a suitably fine-grain
structure, and since it was found that small pro-
portions of chromium, manganese, and titanium had

f Research Technical Officer, Imperial Chemical Industries, Ltd., Metals Division, Birmingham.

JOURNAL OF THE INSTITUTE OF METALS

563

1952-53, Vol. 81



564 Hooper :

no significant effect on the stretching characteristics
of pure aluminium, these elements were used for the
purpose.

Because of the apparent significance of magnesium
in relation to strain markings, both high-purity and
commercial-grade alloys were prepared over a range
of magnesium contents from 0 to 6%, the object
being to separate the effect of impurities normally
present in industrial alloys, and to determine the
relationship between intensity of marking and
magnesium content. Additional information was
obtained from other representative alloys in the
standard industrial range covered by British Standard
No. 1470.

I1I.—PREPARATION OP MATERIAL

In the case of the aluminium-magnésium alloys
wit.li less than 1% magnesium made from either pure

Table lL.—Composition of Non-Jleat-Treatable

Alloys.
Alloy
Number Cu, % Mn, % Mg, % Si,% Fe, % Ti,% Cr,% Zn %
 —
»=mm imental 1Hoys
1 <0-01 0-24 0-12 0-02 0-04 0-11 <0-005
2 0-014  0-23 0-27 0-01 0-0-1 0-12 <0-005
3 <0-01 0-23 0-56 0-02 0-04 0-11 <0-005
4 0-01 0-30 0-58 0-1G 0-20 0-10 <0-005
5 <0-01 0-29 0-87 0-03 0-03 0-14 <0-005
6 001 0-30 0-9 0-10 0-18 0-10 <0-005
7 <0-01 0-22 1-11 0-01 0-04 0-002 <0-005
8 <0-01 0-27 2-33 0-01 0-035  0-002 <0-005
9 <0-01 002 3-11 0-017 0-04 0-12 <0-005
10 0-02 2-59 0-11 0-27 0-01 0*44 <0-005
Industrial Alloys (B.S. 1470)
NS3 0-02 1-21 0-01 0-16 0-32 0-07 <0-005
NS5 0-08 0-22 3-87 0-18 0-27 0-02 <0-005
NS6 0-12 0-21 5-13  0-09 0-21 0-02 0-01
NS7 0-01 0-14 G03 0-12 0-28 0-02 <0-005
SIB 0-02 <0-01 <0-01 0-03 0-05 <0-01 <0-01 <0-005
SIC 0-02 <0-01 0-01 0-15 0-3 [eec} <0-005

or commercial aluminium, it was not possible by any
combination of rolling and annealing to obtain a
suitably fine grain-size. The necessary grain-refining

The Influence of Composition on the

was effected by additions of manganese and titanium,
or of chromium, since experiments with high-purity
binary alloys had indicated that these elements were
not in any way responsible for strain markings. The
compositions of the alloys are recorded in Table 1.

Alloys 1-10, containing up to about 3% magnesium,
were prepared under laboratory conditions, from the
purest available virgin-metal constituents, in cast
slabs of 20 Ib. weight. All the remaining alloys,
including the higher members of the aluminium-
magnesium series, were taken from hot-rolled com-
mercial stock. Heavy cold-rolling reductions, of the
order of at least 70-75%, were applied before the final
anneal, in order to obtain the necessary fine grain.

The annealing of aluminium-magnesium alloys
with up to 1-1% magnesium was carried out at
300° C., grain growth being rapid at higher annealing
temperatures. Alloys of greater magnesium content
were subjected to a standard annealing treatment of
2 hr. at 400°-430° C. The aluminium-manganese
alloy (NS3) was flash-annealed in a salt bath at
500° C.

The three heat-treatable alloys (see Table 1Y) were
obtained in a fully softened condition by annealing
at the appropriate temperature and slowly cooling
in the furnace. Other specimens of these alloys were
prepared in different conditions involving solution-
treatment and ageing, as detailed in the table.

The method of preparation of the 8 x 2-in. speci-
mens for stretching has been described previously.2
In brief, surface treatments involving electropolishing
or a chemical bright dip were supplemented where
necessary by hand-polishing. Grain-sizes were esti-
mated on etched portions of each specimen by com-
parison with standard photomicrographs, and values
are recorded in Tables II, 111, and IV.

I'Y.—STRETCHING EXPERIMENTS

Strains in the critical range 0-1% with which
random-type stretcher-strain markings are associated,
were measured with a Lamb roller extensometer of

Table Il.—Stretching Characteristics of Experimental Non-Heat-Treatable Alloys.

Principal Alloying
Additions

Appearance of Specimens during Stretching

Nﬁrl1lwobyer Annealing Treatment Gmr:]nr;]sllze, Maximum Maximum
Extension 0-2% Je?/lift?grfl At 5% Extension [;re?lli);stlijg;
Mg, % Ti, % Mn, % 10-" in. | 10%" in.
1 012 011 024 f 0-040 No markings <0-1 No markings <01
2 027 012 023 0-040 <0-1 it <01
3 050 o011 023 0-040 <01 It <01
4 0-58 010 0-30 <4 hr. at 300° C< 0-035 <01 it <01
5 0-87 014 0-29 0-035-0-040 Slight random markings 0-5 Slight parallel bands ~ 0-15
6 09 0-10 0-30 0-030 Very slight random markings ~ 0-2 " n 0-12
7 M | 0-22 0-026 Severe random markings 15 Parallel bands 0-20
S %ff o 7 0-01-0-03 4 w u 1-8 w it 0-14
- -1 - ; ; - ; -1
Sphr.atuotf ci OO e . 0 S 018
Cr,% r |
10 2-59 0-44 0-01 it 1 It 1-8 t it 0-18
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Table I11.—Stretching Characteristics of Industrial Non-lleat-Treatable Alloys.
Appearance ol Specimens during Stretching
Principal Alloying
N ode Additions o
Eg]s.er Annealing Treatment Graﬂ'ﬂf'ze' Maximum Maximum
1170) Extension 0-2% DTaI_ySEJOrrf] At 5% Extension D‘Ia—ssli)alxiiuorrg
Mg, % Ti, % Mn, % e 10'Lin.
NS3 0-07 121 i hr.at500°C. in salt bath 0-030 No markings <01 No markings 0-1
NS5 3-87 0-02 0-22 2 hr. at 400° C. 0-015 Severe random markings 2-2 Parallel bands 0-18
XS6 513 0-02 0-21 2 hr. at430°C. 0-025 » T, 17 0-20
NS7 6-03 002 0-14 i it 0-02 u it it 19 a a 0-17
SIB 99-5% Al 4 hr. at 300° C. 0-035-0-040 No markings <01 No markings 0-1
SIC 99-0% Ai 0-035 a <0-1 » 01
Table 1Y .—Stretching Characteristics of Heat-Treatable Alloys.
Appearance of Specimens during Stretching
C(ng,,\lij.%%)er Heat-Treatment Sifer,a::r}m Maximum Maximum
Extension 0-2% DL?/Ii);iiuorrE At 5% Extension DTB\\,Iiy;tLiIg;
KT3in. T3in. |
HS10 (Cu 0-03, Mn 2 hr. at 375° C.. furnace-cooled 0-035 Xo markings 0-1 Xo markings 0-1
0-66, Mg 0-75, Si J hr. at 540° C.; quenched 0-02 Slight parallel bands at 0-1 Slight parallel bands 0-13
0-96, Fe 0-28, Ti 2% extension
001%) 4 hr. at 450° C.: quenched 0-02 it t i 01 it it it 0-11
4 hr. at 540°C.: quenched; 0-02 No markings <0-1 Fractured at lessthan
aged 18 hr. at 160° C. 5% extension
HS14 (Cu 4-07, Mn 2 hr. at 375° C.. furnace-cooled  0-01 No markings <01 Parallel bands 0-2
0-56, Mg 0-76, Si 4 hr. at 495° C.; quenched at 0-02 Random markings 0-5 0-22
0-46, Fe 0-44, Ti -20°C.
0-02%) 1 hr. at 495° C.. quenched at 0-02 a a 0-5 it it 0-21
£ 100° C.
J hr. at 450° C.; quenched at 0-02 a a 0-5 it it 0-22
- 20° C.
4 hr. at 450° C.: quenched at 0-02 it . 0-6 it it 0-20
- 100° C.
4 hr. at 450° C.; quenched in oil  0-02 it u 0-7 it it 0-21
-at 20° C.
Vhr. at 400° C.. quenched at 0-015 - it 0-5 it it 0-18
- 100° C.
¢ hr. at 400° C.; quenched in oil ~ 0-015 . it 0-6 0-18
-at 20°C. )
y hr. at 495°C.. quenched: 0-02 Xo markings <01 Fractured at less than
aged 8 hr. at 165° C. . . 5% extension
4 hr. at 495°C.. quenched; 0-02 Slightrandom markings 0-4 Xo markings 0-1
aged 7 days at room temper-
ature
D.T.D. 363A (Cu 2hr.at375°C.; furnace-cooled 0-025 No markings <01 Xo markings 0-1
1-31, Mn 0-49, Mg 4 hr. at 460° C.. quenched at 0-02 <01 Slight parallel bands 0-12
2-86, Si 0-14, Fe -20°C.
0-34, Ti 0-11, Cr ¢ hr. at 460°C.. quenched: 0-02 it <0-1 Fracturedat less than

0-34, Zn 5-90%) aged 18 hr. at 125° C.

the mirror-and-scale type, the stretching operation
being interrupted at appropriate extensions for
Talysurf traces to be made of the rolled surface. The
larger extensions associated with parallel bands were
measured with dividers. Relevant data on the
stretching characteristics of high-purity and com-
mercial aluminium-magnesium alloys, and the
standard B.S. alloys are summarized in Tables I1-1V.

5% extension

1 Non-Heat-Treatable Alloys (Tables Il
AND [11)

@ Aluminium-Magnesiwn

No markings were detected on alloys 1 to 4, con-

taining (H-0-58% magnesium. A specimen of alloy 4

after stretching to 1% elongation is illustrated in
Fig. 1 (Plate LXXXIII).
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Among alloys based on higli-purity aluminium,
the lowest magnesium content, 0-87%, at which
random markings occurred was in alloy 5, and very
faint markings, less than one-tliird of the depth of
similar markings observed previously in the 3%
magnesium alloy,2 were detected at i % elongation
(Fig. 2, Plate LXXXII11). Alloy 6, made from com-
mercially pure metal with 0-90% magnesium, was
subject to very slight markings at \% extension, the
deepest being 0-0002 in. It is probable that in com-
mercially pure material, part of the magnesium is
combined with silicon, and the amount in solid
solution is thus reduced.

Severe markings, of a depth and distribution
comparable to that observed in the commercial 3%
magnesium alloy described in the earlier paper,2
occurred at \% extension in alloy 7 (1*11% mag-
nesium), and a similar intensity was obtained with
alloys 8 and 9 (2-33 and 3-11% magnesium, respec-
tively), the former containing manganese and the
latter titanium as grain-refining agent. The markings
obtained with £% extension in the latter alloy are
shown in Fig. 3 (Plate LXXXIII). Alloys with 3-8,
5-0, and 6-0% magnesium (NS5-7) were also subject
to severe random markings, the intensity and dis-
tribution of which were not significantly different
from those observed in the higher-purity series.

All alloys which were sensitive to random markings
with strains of up to 2% were also subject to parallel
bands at higher extensions, and the mechanism by
which the bands deepened and subsequently caused
failure of the sheet was similar to that observed in
the previous investigations on the 3% magnesium
alloy. Alloys free from random markings showed no
parallel bands. Summarized data on the stretching
characteristics of the materials described above are
included in Tables Il and I11.

(b) Aluminium and Aluminium-I\°/0 Manganese
Higli-purity aluminium (SIB), commercial-grade
aluminium (SIC), and aluminium-17% manganese

alloy (NS3) were free from markings at all stages of
stretching up to the point of fracture.

2. Heat-Treatable Alloys (Table IV)
(&) Aluminium-Magnesium-Silicon (11S10)
(i) Fully Annealed.

No markings of any type were detected, either in
the first stage of stretching to 2% elongation, or in
the second stage from 2% up to fracture.

(i) Solution-Treated.

Solution-treatment was carried out at temperatures
of 540° and 450° C., followed in each instance by
qguenching. No random markings were detected in
the critical range of strain, 0-2%, but slight parallel
bands occurred at an angle of about 69° to the tension
axis at higher strains.

The Influence of Composition on the

(iii) Fully Heat-Treated.

Specimens aged for 18 hr. at 160° C. after solution-
treatment fractured at right angles to the tension
axis at about 2% extension, the low ductility being
probably attributable to the difficulty in getting
accurate alignment of the wide specimen. No
markings were detected either during stretching or on
the fractured halves on subsequent examination.

(b) Aluminium-Copper-Magnesium (HSU)
(i) Fully Annealed.

In fully annealed aluminium-copper-magnesium
alloy no random markings were observed on stretching
to extensions of 0-2%, but at about 4% elongation
parallel bands appeared comparable in depth to those
observed in the aluminium-magnesium alloys at 5%
extension. With further stretching, failure eventually
occurred by necking through a pair of bands.

(i) Solution-Treated.

Slight random markings occurred in sheet specimens
of the aluminium-copper-magnesium alloy, solution-
treated for § hr. at 495° C. and quenched in cold
water. The markings occurred in a strain range of
0-05-0-5%, which is narrower than the range of
extensions (0-015-2-0%) with which markings are
associated in aluminium-3 % magnesium alloy sheet.

Previous experience has shown that when alu-
minium-3% magnesium sheet is quenched from a
suitably high temperature, quenching stresses are
set up which prevent the formation of random
markings. Relief of quenching stresses by some
method, such as, for example, low-temperature
annealing, causes a return to the condition in which
intense random markings occur on stretching.
Attempts were therefore made to produce markings
of greater intensity in the heat-treatable aluminium-
copper-magnesium alloy by reducing quenching
stresses. The procedure adopted involved solution-
treatment at different temperatures and quenching in
cold water, boiling water, or oil. Some results of
stretching tests on specimens quenched at 495°,
450°, and 400° C. are given in Table 1V.

The markings were most intense in specimens
freshly quenched from 450° C., and were most clearly
defined after oil-quenching. The intensity was
slightly reduced when stretching was carried out
after ageing at room temperature for 7 days. A
typical example of random markings in solution-
treated aluminium-copper-magnesium alloy is illus-
trated in Fig. 4 (Plate LXXXIV). As stretching con-
tinued, random markings in freshly quenched speci-
mens were replaced by parallel bands, which were
deeper than bands observed in 3% magnesium alloy
sheet stretched the same amount; room-temperature-
aged strips, on the other hand, after the disappearance
of random markings, stretched smoothly to failure
without any further markings occurring. A typical
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example of parallel bands in aluminium-copper-
magnesium alloy sheet is illustrated in Fig. 5 (Plate
LXXXIV), which shows a solution-treated specimen
stretched 9%, the maximum depth of marking being
0-0003 in.

(iii) Fully Heat-Treated.

Solution-treated specimens of aluminium-copper-
magnesium alloy, aged for 8 hr. at 165° C., fractured
atright angles to the stretching direction at extensions
of less than 5%, and no strain markings of any type
were detected either during stretching or on the pieces
of strip after failure.

(c) Clad Aluminium-Copper—Magnesium

Experiments similar to those described above were
carried out on specimens of aluminium-copper-
magnesium alloy sheet clad on both surfaces with a
skin of pure aluminium 5% of the total thickness of
the material. Fully annealed specimens developed
only parallel bands at extensions of about 5% and
over; on the other hand, solution-treated and oil-
quenched sheet exhibited random markings at strains
between 0-1 and 0-5%, but, as might be expected,
the intensity was less than that observed in the
corresponding unclad sheet owing to the masking
effect of the aluminium skin. A typical area of
random markings in clad sheet is illustrated in Fig. 6
(Plate LXXXIV).

(d) Aluminium-Zinc-Copper-Magnesium
(D.T.D. 363H)
(i) Fully Annealed.

Specimens annealed at 375° C. and furnace-cooled
extended, without developing any strain markings,
until fracture was imminent, when several distinct
parallel bands appeared at an angle of about 64° to
the tension axis, necking through one pair of bands
eventually leading to failure.

(i) Solution-Treated.

Sheet, solution-treated for \ hr. at 460° C. and
quenched, developed slight parallel bands at about
5% extension. Further bands appeared as stretching
was continued to failure, but did not reach measurable
depth at any stage of straining.

(iii) Fully Heat-Treated.

Specimens aged for 18 hr. at 125° C. after solution-
treatment fractured at about 2% extension, no
markings being detected. Fracture occurred at
right angles to the axis of tension.

V.—DISCUSSION

The experiments described have established that
random markings occur in aluminium-magnesium
alloys over a wide range of magnesium contents, the
lower limit being between 0-6 and 0-9%, and the upper
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limit greater than 6%. Maximum intensity of
markings, measured on Talysurf tracings, has been
plotted against magnesium content in Fig. 7, in
which the curve reaches a maximum at a little over
1% and continues without significant variation to
the maximum of 6% investigated.

Unalloyed aluminium, aluminium-manganese alloy,
and aluminium-magnesium alloys containing 0-6%
magnesium and less, were free from any type of
marking at all extensions. The relatively coarse
grain-size (0-04 mm.) of these low-magnesium alloys
cannot account for their freedom from random
markings, since material which, in the fine-grained
condition, is subject to random markings always
exhibits parallel bands in both fine- and coarse-
grained states. However, no parallel bands were
observed in these alloys when stretching was con-
tinued to the point of fracture. On the other hand,

Fig. 7.—Maximum Depth of Random Markings in Aluminium-
Magnésium AUoys.

the heat-treatable aluminium-magnesium-silicon and
aluminium-zinc-copper-magnesium alloys, although
without detectable random markings in all conditions
of heat-treatment, developed parallel bands when
stretched in the solution-treated condition.

Random markings in aluminium-copper-mag-
nesium-type alloy sheet have not previously been
reported, yet solution-treated material of this type
is often subjected to stretching operations, for
example, in flattening after quenching and in the
stretch-forming of aircraft panels. The alloys are,
of course, generally coated with pure aluminium,
which, as already indicated, renders the markings
less conspicuous. Moreover, the markings are less
severe than those on aluminium-magnesium alloys,
and since they occur with very small extensions and
disappear at an elongation of 0-5%, they are probably
pulled out in most flattening or forming operations.
The occurrence of random markings in solution-
treated and quenched aluminium-copper-magnesium
alloy sheet appears, upon first consideration, to be
anomalous, since in aluminium-magnesium alloys
random markings can be avoided by quenching from
comparable temperatures. The conclusion that this
effect is associated with internal stresses receives some
support from the observation that the markings were
more intense with less drastic quenching. Ageing at
165° C. completely removed any tendency to strain
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marking, a result which might be related to the
removal of magnesium from solid solution by the
precipitation of a magnesium-rich phase.

Both aluminium-magnesium and aluminium-
copper-magnesium alloys, in the physical condition
in which strain marking is developed on stretching,
are supersaturated in respect of solute elements or
compounds. In both types of alloy, moreover, some
decomposition of the solid solution is known to be
induced by straining. The analogy with mild steel,
therefore, appears to be close, and current theories,

Influence of Composition on the Incidence of Strain Markings in Aluminium Alloys

associating strain markings with atomic movements
in the lattice analogous to those experienced in
precipitation-hardening processes, receive further
support.
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Williams and Eborall Prate LXXIX.

450°C.  475°C.  500°C. 525° C. C-6 mm. 0-048 mm. 0-031 nun. 0-023 nun.
Fig. 11—Effect of Temperature on Final Grain- Fig. 12—Effect of Initial Grain-Size on Final Grain-
Size. Super-purity aluminium pulled 2-20% Sizc. Commercial-purity aluminium pulled 1-
and recrystallized for 30 min. at various temper- 18% and recrystallized for 30 min. at 600° C.
atures. Initial grain-size G3 mm. x 3 from various initial grain-sizes. x J.
50% @ 34% 20% w 11%

Fig. 13.—X-Ray Back-Reflection Pliotographs Taken at Various Points along a Wedge-Rolled Specimen. Critical
reduction = 21%.

[To face p. 5113
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W orner Prate LXXXI

iICROSTRUCTURES OF TITANIUM-TIN ALLOYS.

Fig. 7—7-7 at -% Tin Alloy (Commercial Titanium), Quenched Fig. 8.-15-3 at.-% Tin Alloy (Commercial Titanium), Quenched
from 1020 C. a m acicular form due to rapid /3— >-a from 850°C. «4- y. xI500
change, x 200

«

Fig. 9.—7-7 at.-% Tin Alloy (Commercial Titanium), Quenched Fig.10.—11-0 at.-% Tin Alloy (Refined Titanium), Quenched
X 200 Equilibrium a m matrix of acicular «. from 880° C. «with a little y. x 1000.

Fig. 11.—11-0 at.-% Tin Alloy (Refined Titanium), Quenched
from 890° C. y in matrix of acicular a. X 1500.

All specimens were etched in 2wt.-% HX03+ 1wt.-% HF in water.



Latin Prate LXXXII.

Fig. 7.—Structure of Fine-Grained Alloy E after 144 hr. at 860 Ib./in.2 Stress
(12% extension), x 270.



Hooper Prace LXXXL1II.

Stretchkr-Strain Markings in Aluminium Alloys and Corresponding Talysurf Traces.

Fig. 1.— Aluininium-0-58% Magnesium Alloy.
Annealed 4 hr. at 300° C. Permanent

extension 1%. . .
Fig. 3.—Aluminium-3T1% .Magnesium Alloy.

Annealed 2 hr. at 400°C. Permanent
extension 1%.

x 500

Fig. 2—Aluminium-0-87% Magnesium Alloy.
Annealed 4 hr. at 300°C. Permanent
extension i%.
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Stretcher-Strain Markings in Aluminium Alloys and Corresponding Talysurf Traces.

Fig. 4—Alummium-Copper-Magnesium Alloy.
Solution-treated 1 hr. at 450° C. and
quenched in oil. Permanent extension
0-3%.
Fig. 6.—Aluminium-Copper-Magnesium
Alloy, Clad with Pure Aluminium.
Solution-treated | hr. at 450° C. and

quenched in oil. Permanent extension
0-3%.

Fig. 5—As Fig. 4. Permanent extension 9%.
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*The Discontinuous Elongation of Aluminium Crystals.—IV.
Tomoyosi Kawada (J. Phys. Soc. Japan, 1952, 7, (3), 240-
244).—[In English]. In continuation of previous work
(ibid., 1950, 5, 68; M.A., 19, 337) the discontinuous elonga-
tions (of the order a few y.) of commercial coarse-grained Al
polycrystals, and Al crystals of purity 99-99%, under tension,
were studied at 203-350° C. Discontinuous elongation
occurred only when the slip lines terminated at a grain
boundary and did not occur when the slip lines crossed a
grain boundary. No discontinuity was observed in the
elongation of an Al single crystal. A mechanism of the dis-
continuities is discussed.—J. S. G. T.

*Effects of Machining Specimens on the Results of Tension
Tests of Annealed [Aluminium and] Aluminium Alloys.
(Stickley and Bogardus). See col. 751.

*Absorption of Carbon Monoxide by a Barium Getter.
|.—Experiments at Low Temperatures, n.—Theory of
Physical Adsorption. HI.—Lattice Imperfections. 1V.—The
Gettering Process in Barium: Sorption Properties of Oxygen on
Barium. Totsuya Arizumi and Soiiehi Kotani (J. Phys.
Soc. Japan, 1952, 7, (2), 152-158 ; 158-163; 163-166; (3),
300-307).-—[In English]. [l.—] The adsorption properties
of a flashed Ba getter, for CO, at —180° to 0° C., were studied
by the const.-flow and const.-vol. techniques, and the results
are compared with those obtained with the Cu-CO system.
The adsorption by Ba at —180° C. is not very different from
that at room temp. By raising the tomp. of the Ba getter
from —180° C. in steps, the absorbed gas was at first desorbed
and- then re-absorbed. [II.—] A simple theory of CO
adsorption by a Ba getter was found to hold only when the
getter had already adsorbed considerable quantities of CO.
The large adsorptivo power of a fresh Ba getter is attributed
to the existence of many lattice imperfections. The activa-
tion energies of phys. absorption, desorption, and activated
adsorption for the Ba-CO system are, rosp., 1-0, 1-4, and
6-5 kg. eal./g.-mol. A theory of adsorption, presuming the
existence of lattico imperfections, is developed. [IIl.—]
The theory developed in [I1], extended to take into account
numerous lattice imperfections, is found to agree qual. with
the experimental results. [IV.—] The adsorption of O by
Ba was studied at —180° to —30° C. Below —150° C. O is
adsorbed mainly at active centres. The activation energy
for phys. adsorptionis 0-3 to ~0-9 kg.cal./g.-mol. At —150°to
—30° C. O is adsorbed in the activated state, and its activated
energy is 5-8 kg.cal./g.-mol. Above —30° C. O combines
chem. with Ba.—J. S. G. T.

*Size Effects in the Supraconductivity of Cadmium. M. C.
Steelo and R. A. Hein (Phys. Rev., 1952, [ii], 87, (5), 90S).—
A letter. The critical magnetic field for the destruction of
supraconductivity increases more rapidly with decreasing
temp, for high-purity Cd spheres 2-3 X 103 cm. radius
than for spheres 6-12 x 10~2 cm. radius. The zero-iield

* Denotes a paper describing the results oforiginal research.
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critical temp, was the same for both samples, but apparently
higher than that of massive Cd.—P. C. L. P.

Melting Point of Chromium. F. W. David (Engineer, 1953,
195, (5062), 176).—A letter. Referring to a noto previously
published in Engineer on the paper by Bloom, Putnam,
and Grant (J. Metals, 1952, 4, 626; M.A., 20, 66), D. draws
attention to tho recent detn. of the m.p. of Cr by Carlile,
Christian, and Hume-Rothery (J. Inst. Metals, 1949-50, 76,
169; M.A., 17, 915) and by Greenaway, Johnstone, and
McQuillan (J. Inst. Metals, 1951-52, 80, 109; M.A., 19, 317),
who obtained values of 1860° and 1845° C., resp., for high-
purity material (0-1% impurity in the case of tho material
used by Greonaway el al.).—D. K. W.

*Creep Fracture of Copper as a Nucleation Process. Takco
Yokobori (J. Phys. Soc. Japan, 1952, 7, (1), 48-51).-—JIn
English]. The creep fracture of Cu wdre was studied experi-
mentally, and tho results arc interpreted by the aid of the
theory developed elsewhere (ibid., p. 44; M.A., 20, 745). In
accordance with tho theory, a linear relation was found between
tho log of the breaking stress, S, and tho log of tho time, t,
required for fracture. In accordance with tho theory, the
reciprocal of tho temp., T, and the log of the time, t, required
for fracture under const, load, were found to bo linearly
related, .in accordance with the equation log t = Af/KT -f-C,
where A/ is the free energy of activation for the motion of a
dislocation, and C is a const. The dependence of t upon tho
longth of tho wire, and tho fluctuation characteristics of creep
fracture are studiod and interpreted in terms of nucleation
theory.—J. S. G. T.

Measurement of the Specific Heat at Room Temperature of
Copper in the Form of Wire by Electrical Heating. A. R,
Ingles (Amer.J. Physics, 1952, 20, (5), 289-292).—1. describes
an experiment suitable for advanced students, based on the
original work carried out by Lapp and Grew to determine the
sp. heat of Ni at various tomp.—W. A. M. P.

*Self-Diffusion on the Surface of Copper. Erich Monzel
(Z. Physik, 1952,132, (4), 508-528).—Spherical single crystals
of Cuwore chem. attacked to produce etch pits, and then heated
at high tomp. while the surface was observed opt. The time
taken for a definite change in the surface reflection (correspond-
ing to rounding of the etch-pit edges) was taken to bo pro-
portional to tho reciprocal of the velocity of migration over
the surface. When the crystal was held in air at a pressure of
10-3mm. Hg, the surface change was found to obey the Boltz-
mannlaw in the region 700°-1080° C., the activation energy for
surface diffusion being 13 £ 2 kg.cal./mole. Different results
were obtained in aH atmosphere and indicated a chem. reaction
between H and adsorbed O. Immediately below the m.p. the
equilibrium form ofthe crystal was a smooth sphere.—J. W. C.

Germanium, the Unknown Element. (Canad. Metals,
1952,15, (12), 28).—A briefnote on the properties, extraction,
purification, and appn. of Ge.—W. A. M. P.

t Denotes a first-class critical review.
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*Copper as an Acceptor Element in Germanium. C. S.
Fuller and J. D. Struthers (Phys. Rev., 1952, [ii], 87, (3),
526-527).—A letter. The diffusion of radioactive Cué&
into a single crystal of Go at 825° C. has been correlated with
the formation of thermal acceptors. Annealing at 500° C.
causes the Cu to precipitate and the specimen to return to its
original n-type condition. At 1100° C., Cu diffuses into Si
at a rate comparable with that of Cu into Ge.—P. C. L. P.

+Impurity Effects in the Thermal Conversion oi Germanium.
W. P. Slichter and E. D. Kolb (Phys. Rev., 1952, [ii], 87, (3),
527-528).—A letter. No detectable difference exists between
the resistivity of high-purity Ge crystals kept in contact with
the meltforaprolonged period during growth and the resistivity
ofrapidly grown crystals. Conversion ofthe crystal to p-type
by heat-treatment was not found unless the crystal had been
in contact with a soln. contg. Cu. In the crystal examinod,
about one hole was developed per Cu atom.—P. C. L. P.

#The [Electrical] Conductivity of Non-Polar [Germanium]
Crystals in Strong Electrostatic Fields. J. Yamashita and
M. Watanabo (J. Phys. Soc. Japan, 1952, 7, (3), 334-335).—
[In English]. Ryder and Shockley [Phys. Rev., 1951, T[ii],
81, 139; M.A., 19, 627) discovered that the elect, conductivity
ofa pure Ge crystal showed marked deviation from Ohm’s law
in strong electrostatic fields. By solving Bloch’s integral
equation for transport in non-polar semi-conductors, to a
second order of approximation, Y. and W. obtain an expres-
sion for the dependence of the elect, current upon field
strength. The critical field strength, at which deviation
from Ohm’s law' begins, is deduced and is in qual. agreement
with observations in so far as this critical field decreases with
decreasing temp. Tho calculated critical field value for Go
is ~£ °f that observed. The critical field is sensitive to the
presence of impurities.—J. S. G. T.

¢Interpretation of the Low-Temperature Hall Curve of a
Degenerate Germanium Sample. D. M. Finlayson, V. A.
Johnson, andF.M. Shipley (Phys. Rev., 1952, ii], 87, (6), 1141-
1142).—A letter. The Hall coeff. of a Ge sample contg. a
small amount of Sb has been found to have a max. near 120° K.
The decrease in the Hall coeff. at low temp, is reconciled to a
decrease in the carrier d by allowing for the dominating effect
of impurity scattering at low temp.—P. C. L. P.

+Mobility of Electrons in Germanium. P. P. Debye and
E. M. Conwell [Phys. Rev., 1952, [ii], 87, (6), 1131-1132).—
A letter. New measurements of the Hall coeff. and resistivity
of high-purity n-type Ge have given values of the electron
mobility greater than any previously reported and in agreement
with tho drift mobility. The variation of the mobility with
As content agrees with that predicted by impurity scattering.

—P. C. L. P

#Electron-Hole Recombination in Germanium. R. N. Hall
[Phys. Rev., 1952, T[ii], 87, (2), 387).—A letter. A simple
theory of the recombination rate of holes and electrons at
centres lying in the forbidden cnergy-band region, is used to
deduce the variations of average lifetime with impurity content
and temp., choosing parameters which give agreement
between theory and experiment at room temp. Between
4-20° and —20° C., the variation of lifetime suggests that the
recombination centres are 0-22 eV. above the valence band or
below' tho conduction band.—P. C. L. P.

¢Determination of the Absolute Grain-Boundary Energy of
Gold at 1300° K. F. H. Buttner, H. Udin, and J. Wulff
[J. Metals, 1953,5, (2),313-317).—During the course ofsurface-
tension experiments on Au [Trans. Amer. Inst. Min. Met.
Eng., 1951,191,1209; see M.A., 19,500) conditions ofthermal
and phase equilibrium were maintained about fine w'ire held
at high temp, for long periods of time, and grain-boundary
grooves appoared on the surface of the wire. Tho angular
dimensions (0) of these grooves have been used to determine—
by a method which is described in detail—tho energy of the
grain boundaries. An overall average of 0= 164-5° was
obtained; this, in conjimction with the previously determined
value for the surface tension, leads to an average grain-
boundary energv of 365 + 50 dyne3/cm.2 at 1300° K. 37
ref.—E. N.
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+Gyromagnetic Ratios of Iron, Cobalt, and Many Binary
Alloys of Iron, Cobalt, and Nickel. S. J. Barnett and G. S.
Kenny [Phys. Rev., 1952, [ii], 87, (5), 723-734).—After a
review of provious work on gyromagnetic effects, a detailed
description is given of the methods used to eliminate errors in
the present work, in which the gyromagnetic ratios of Fe and
Co were redetermined. The gyromagnetic ratios of Co-Fe,
Co-Ni, and Fe-Ni alloys varied approx. linearly with compn.
The Co-Fe alloys containod 0-4-0-6% Mn, while Al and Si
w'ero present as impurities in the Co-Ni and Fe-Ni samples.

—P. C. L. P.

+Heat Conductivity of Supraconductive Lead Below 1° K.
J. L. Olsen and C. A. Renton [Phil. Mag., 1952, [vii], 43,
(344), 946-948).—The thermal conductivity of supraconduc-
tivo Pb, a, botweon 0-4° and 0-9° K. may bo expressed by tho
formula a = AT3 though a increases more rapidly abovo
0-9° K. Tho experimental value of A is considerably less
than that calculated theoretically, assuming negligible
electronic scattering of tho lattice vibrations. The heat
resistance increases when the specimen is brought isothermally
into the intermediate state by appn. of a magnetic field.

—P.C.L.P.

+The Heat Capacity of Mercury from 15° to 330° K.:
Thermodynamic Properties of Solid, Liquid, and Gas: Heat
of Fusion and Vaporization. R. H. Buscy and IV. F. Giauque
[J. Amer. Chem. Soc., 1953, 75, (4), 806-809).—Observations
from measurements of the heat capacity of Hg from 15° to
330° K. were combined with available calorimetric and
vapour-pressure data and tho Sackur-Tetrodo equation, to
determine thermodynamic properties. The following values
(cal./mole) were obtained : heat of fusion of Hg at tho m.p.
548-6; heat of vaporization at the b.p. 14,127; entropy of
lig. Hg at 298-16° K,, 18-19.—J. R.

+The Diffusion Coefficients of Certain Metals in Mercury.
W. Charles Cooper and N. Howell Furman [J. Amer. Chem.
Soc., 1952, 74, (24), 6183-6186).—Previous work on the detn.
of tho diffusion coeff. of various metals in Hg by e.m.f.,
conductance, and polarographic methods is reviewed, the
reported results being compared with each other and mwiththose
obtained by F. and C. for Sn and Bi (1-68 and 0-99 X 10-5
cm.2/sec., rcsp.), using a polarographic technique earlier
described [ibid., 1950, 72, 5667 ; M.A., 18, 624). Considera-
tion of tho relationship betweon diffusion coeff. and atomic
radii indicates the probability of molecules of Cu-Hg and
Bi-Hg compounds occurring in dil. mercurial soln.—J. R.

+Properties of Molybdenum Made by Arc Casting and Powder
Metallurgy. James H. Bechtold and Howard Scott [Metal
Progress, 1952, 61, (4), 82-88).—The inherent differences in
mech. properties between arc-cast and powder-met. Mo after
hot-rolling f-in. rods at 1900°-1700° F. (1010°-925° C.) are
illustrated. U.T.S. and % elongation curves at temp, from
—100° to 200° C. for both materials show that their properties
are very similar. Creep-rupture curves at 1600° F. (870° C.)
in H forare-castand powder-met. Mo also show close similarity.
100-hr. rupture strengths of Mo, pure Fo, Co, Refractaloy
70, and Stellite No. 31 are given for purposes of comparison.
Tho influence of stress distribution on the transition temp,
was studied, using a theoretical stress-concentration factor of
3-1. This condition raised the transition temp, to 257° F.
(125° C.). The cold brittleness of Mo v’as found to be
associated with a well-defined transition from ductilo to
brittle fracture on a tensile tost only slightly below- room
temp.—R. P. H. F.

+Carriers of Electricity in Metals [Molybdenum and Zinc]
Exhibiting Positive Hall Effects. Sheldon Brown and S. J.
Barnett (Phys. Rev., 1952, [ii], 87, (4), 601-607).—The sign
of tho current carriers in Mo and Zn, which have positive
Hall coeff., is negative, w-hile the value of e/m is within 3%
of that for slowly moving free electrons. The same result
was also obtained with tho Mo at lig.-air temp.—P. C. L. P.

+Nature of the Creep Curve [Especially for High-Purity
Nickel]. Thomas H. Hazlett and Earl R. Parker (J. Metals,
1953, 5, (2), 318-323).—A study has been made of the effects
ofstress, temp., alloying, and structure on the creep characteris-
tics of some metals, particularly specially prepared high-
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purity Ni contg. Fe 0-030, Si 0 003, Ca 0 001, Mg 0 020, and
S 0-002%, balance (99-944%) Ni, and its solid-soln. alloys with
0-25, 1,and 2% Ti. The tests were carried out in independent
single creep-test units, at const, stress (3700-8000 Ib./in.2)
rather than const, load, to total strains of 0-15, at temp, up
to 750° C. The results show that structurally stable metals
like Ni, tested under conditions of const, stress, exhibit a
continuous decrease in creep rate up to the point of initiation
of failure; thoro is no region of const, creep rate. The creep
curvo may bo accurately represented by the ompirical equa-
tion, (1) z—£,= Alb at const, temp., or 2) z— =
Bler<KT, over a considerable temp, rango; e = total true
strain, e, = instantaneous strain at loading, t— time,
A = a const, which varies in a regular manner with stress
and alloy content, and exponentially with 1/T, B and b =
const., P = abs. temp., It = the gas const., and Q — the
“ experimental activation energy ”. An analysis of the results
of other workers on the creep of mild steel, Pt, and Cu, and of
Pb and high-purity Al, confirms equations (1) and (2), rcsp.;
equation (2) is also substantiated by the data obtained for
the Ni-Ti alloys, and for singlo crystals of Zn tested in shear—
thus indicating that the continuously decreasing creep rate is
not solely a grain-boundary phenomenon, although it does vary
with grain-size. 8 ref.—E. N.

*On the Problem of the Magnetic Transformation [of Nickel].
Friedrich Fraunberger (Z. Physik, 1952, 132, (2), 212-220).—
Experimental results for the H.F. resistance of Ni wires, the
magnetocalorie effect, susceptibility, sp. heat, &c., are shown
to imply that the magnetic transformation takes place in
several steps. It is suggested that there is a relation between
the magnetic state and the llobye characteristic temp.

—J. W.C

¢Electrical Conductivity of Thin Films of Platinum Covered
with a Dielectric Coating by Vacuum Evaporation. Charles
Feldman and Boris Vodar (Com.pt. rend., 1952, 235, (6),
414-417).—Using the method previously described (F., ibid.,
1952, 234, 1858 ; M.A., 20, 388), F. and V. give the results of
experiments on the elect, conduction of thin films of Pt on
glasswhen a much thicker (ofthe order of 1000 A) coating of a
dielectric (such as Si02) is deposited on them by vacuum
evaporation. At ordinary temp, there is no groat variation
in the resistance, and no difference in ageing between the
covered and tho uncovered films was observed. The usual
relation between tho resistance and the temp, was confirmed
for both typos, but covering tho film with SiO, caused an
increase in tho temp, coeff. and a diminution of the stress coeff.
This is the same effect as that observed as a result of gas
adsorption and tho reverse of that of annealing (not hitherto
recorded).—J. H. W.

+Coefficients of Accommodation of Complex Molecules upon
Metals: The Case of Acetaldehyde at 273° K. on Platinum at
1000°-1300° K. Xavier Duval and Michel Niclauso (J . Chim.
Phys., 1952, 49, (2), 51-59).—A general relation, established
for the eloct. power dissipated from a heated metal filament
stretched axially within a cylindrical vessel, exhausted to a
very low pressure, in terms of the thermal conductivity of the
gas and other phys. data relating to the system, is applied
to determine the coeff. of accommodation (a) of gases upon the
fdament. Results relating to the accommodation coeff.
of acetaldehyde molecules at 273° K. upon a Pt filament at
1000°-1300° K. are tabulated and discussed. Values of a
range from 0-1 to 0-4, and decrease when tho temp, of tho
filament increases, so that the molecules ofacetaldehyde which
leave the filament have a mean internal energy corresponding
to a temp, much below that of the filament, e.g. <700° K.
when the filament is at 1300° Iv. 26 ref.—J. S. G. T.

(1) Non-Uniform Nature of Selenium Rectifiers. (II)
Electron Multiplication in Hard Flows of Selenium Rectifiers.
Masao Tomura and Yukiaki Abiko (J. Phys. Soc. Japan,
1952, 7, (2), 167-170; 220-221).—[In English], [I.—]
Small Se rectifiers, all out from one normal-sized rectifier,
were found to differ in respect of spreading resistance,
contact potential, max. back voltage, which depended more
especially upon tho dimensions of the rectifiers. Local thin
patches, separated by a mean distance of several mm., occur.
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Rectifiers having no local thin patches are characterized by
back voltages as high as 100 V. [lI.—] In continuation of
previous work {ibid., 1950, 5, 349 ; M.A., 19, 695), tho occur-
rence of electron multiplication and the occurrence of noises
duo to electron avalanches, and their dependence on temp,
and voltage, are briefly discussed.—J. S. G. T.

#Electrical Dispersion of the Selenium Rectifier at High

Frequency. Jiro Yamaguchi, Takeshi Miyauchi, and Hideo
Mori (J. Phys. Soc. Japan, 1952, 7, (2), 171-173).—[In
English]. Frequency characteristics of Se rectifiers wore

studied; elect, dispersion, observed at ~1 Mc./s. at room temp.,
is attributed to the relaxation effect of an electron transferred
from an impurity centre to the conduction band.—J. S. G. T.

+An Application of the Cellular Method to Silicon. D. K.
Holmes (Phys. Rev., 1952, Tii], 87, (5), 782-784).—The
energy limits of tho filled and conduction bands of Si havo
been calculated as a function of intcrnuclear sepn., assuming
that tho top ofthe fillod band and tho bottom oftlio conduction
band occur at the centre of the Brillouin zone. The calculated
energy gap is considerably greater than that observed, which
might bo due to incorrectness of tho assumption made. Tho
effective mass of electrons occupying a level at the bottom of
the conduction band has been computed.—P. C. L. P.

+Mechanical Properties of Thin Films of Silver. J. W.
Beams, W. E. Walker, and H. S. Morton, Jr. (Phys. Rev.,
1952, [ii], 87, (3), 524-525).—A letter. Tho strength ofa thin
Ag film electrodoposited on to a small cylindrical steel rotor
has been determined from the conditions necessary to remove
tho films by centrifugal force. Tho U.T.S. is ~40,000 Ib./in.2
for films 0 001-0 00003 in. thick, but thinner films rapidly
increase in relative strength.—P. C. L. P.

+The Solubility of Oxygen in, and the Oxides of, Tantalum.
R. J. Wasilewski (J. Airier. Chem. Soc., 1953, 75, (4), 1001-
1002).—A note. Lattiee-paramoter values for Ta contg.
0-1-96% O show linearity between parameter increase and
increasing O ; the 0 solubility limit was found to be 0-9 wt.-%
at 1050° C., but there are indications of much higher solubilities
at higher temp. No confirmation of tho existence of Ta204
was obtained, and any structuro intermediate between
Ta.,0 and Ta205 is considered doubtful. Reaction of Ta205
with Ta metal is very rapid in the range 1700°-2200°"C.,
indicating rapid diffusion of O and accounting for the difficulty
in obtaining O-free Ta on slow cooling through this range after
sintering.—J. R.

+Optical Polarization in Single Crystals of Tellurium.
J. J. Loferski (Phys. Rev., 1952, [ii], 87, (5), 905-906).—A
letter. Tho transmission of polarized infra-red radiation
through a single crystal of Te has been measured as a function
of Xin the region 3-9 p, and of tho rolativo orientation of the
c-axis of tho crystal to the plane of polarization. The absorp-
tion coeff. was determined by using crystals of different
thicknesses, and its variation with Xis discussed in relation to
tho energy gap between tho filled and conduction electron
energy levels.—P. C. L. P.

#The Electrical Resistance of Thin Layers of Tin with
Lattice Defects. Johannes Niebuhr (Z. Physik, 1952, 132,
(4), 468-481).—Thin layers of Sn wero deposited on quartz
plates at condensation temp, below 200° K., and their

elect, resistance measurod between 10° and 420° K. The
layers had thicknesses from 200 to 2000 A.; tho results
were reproducible and independent of condensation rate.

Temp./elect. resistance curves are given for various con-
densation temp, and layer thicknesses, and the variation of
the sp. resistance with layer thickness for various condensa-
tion temp, isobtained. Thoresults are compared with theories
due to Fuchs and to Sondheimer.—J. W. C.

+Measurements on the Temperature, Current, and Magnetic-
Field Phase Diagram of Supraconductivity [of Tin]. K.
Mendelssohn, C. Squire, and Tom S. Teasdale (Phys. Rev.,
1952, [ii], 87, (4), 589-591).—No paramagnetic effect at the
transition of a Sn sample has been found in experiments where
the magnetic field, current, and temp, were varied separately,
in steps, so as to cause supraconductivity. Currents of 6-10
amp. with magnetic fields of 16-30 Oe., were employed so
that the transition temp, occurred at 3-5°-3-6>K. The
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results do not disprove the existence of a paramagnetic effect
of a transient nature.—P. C. L. P.

*Microstructure and Mechanical Properties of lodide
Titanium. F. C. Holden, Il. R. Ogden, and R. |. Jaffee (J.
Metals, 1953, 5, (2), 238-242).—The effects of heat-treatment
on the structure and mech. properties of commercially pro-
duced iodide Ti havo been studied. The as-deposited rods,
contg. N 0004-0 008, Mn 0 005-0 013, Fe 0 0035-0-025, Al
0-013-0-015, Mo 0 0015, Pb 0-0045-0-0065, Cu 0 0015-0 002,
Sn 0-001-0-01, Mg 0-0015-0-002, Ni 0-003, and H 0-0091 wt.-%,
were arc-moltcd with a W electrode in a water-cooled Cu
crucible under high-purity A, to produce a 2-in.-dia. ingot
having the samo hardness (85 D.P.N.) as the initial stock. As
the grain-size of cquiaxed a annealed metal increases from 0-01
to 0-25 mm., the U.T.S., impact energy, and hardness decroaso
slightly, and thoro is a corresponding increaso in ductility;
coarse-grained material hardons considerably more than
fine-grained material starting from a lower initial flow stress.
Large-grained (0-2-0-3 mm. dia.) serrated a structure material
producod by furnace-cooling from the (@ fiold has mech.
properties very similar to those of equivalent large equiaxed
« grains. Quenching from the a or p fields changes tho dis-
tribution of TiH, the second phaso present in the metal, and
increases tho hardness and strength, particularly the yield
and flow stresses, and tho lovcl of tho impact energy. Overall
averago values for tho mech. properties are : P.S. (0-2%)
20,000 and U.T.S. 35,000 Ib./in.2 elongation 65%, reduction
in area 85%, and D.P.N. (5-kg. load) 90. Photomicrographs
show tho typical structures encountered. 6 ref.—E. N.

"Creep Properties of Commercially Pure Titanium. W. R.
Kiessel and M. J. Sinnott (J. Metals, 1953, 5, (2), 331-338).—
A study has been made of the creep characteristics of commer-
cially pure Ti sheet—contg. C 0-037, Si 0-023, W 0-50, Ni
0-083, Fe 0-08, and O -j- N probably 0-2%—in the anuealod
(for 1 hr. at 1600° F. (870° C.) in A), cold-worked, and cold-
worked and recovered states at 75°-750BF. (25°-400° C.).
Tho results show that : (1) cold working up to 40% by rolling
improves tho creep-resistance because of tho residual strains
left in the lattice; (2) recovery in sheet rolled >60, 40, and
7%, occurs at room temp., betweon room temp, and 210° F.
(100’ C.), and between 210° and 400’ F. (205° C.), resp.; (3)
sheet ofthe given compn. exhibits strain-agoing which markedly
improves its creep-resistance—an effect which is most
noticeable when creep testing is carried out at 400" F.;
(4) cold working and/or strain-ageing causes a considerable
reduction in the amount of first-stage creop; and (5) relation-
ships appear to exist botween (i) the amount of internal
strain induced by cold rolling and the creep-resistance'at temp,
below which recovery occurs, and (ii) the short-time U.T.S. and
the creep-resistance of metal which has been cold-worked and
recovered. 20 ref.—E. N.

TitaniumMetal and Its Future. (Burston etal.). See col. 813.

*An Abnormal After-Effect in Metals [Zinc and Steel].
Charles S. Barrett (Ada Met., 1953,1, (1), 2-7).—[In English],
The untwisting of metal wires, previously given plastic strains
of 0-2-0-3% hi torsion, was observed opt., the wires being
immersed in a stream of water. After some time, the water
was suddenly replaced by a dilute acid sohi., used as an etchant
to remove oxido layers. During relaxation, tho strain de-
creased linearly with log time; this is tho normal after-effect.
When the etchant was applied, there was usually a transient
increase of strain, and the subsequent untwisting was always
less rapid than originally. The effects wore observed for
single and polycryst. specimens of pure and impure Zn and
mild steel. The existence of a Bauschinger effect in single
crystals was also confirmed. Tho results are explained by
assuming that dislocations pile up behind an adherent oxide
layer; when this layer is removed, some dislocations escape
to the surface, thus increasing the twisting. Tho subsequent
slower untwisting is due to the balance betweon dislocations
which relax back to their original positions and those which
relax out to the surface. 18 ref.—J. W. C.

NEffects of Small Additions of Oxygen on Lattice Constants
and Hardness of Zirconium. R. M. Treco (J. Metals, 1953,
5, (2), 344-348).—The effects of small addn. (up to 2-5 at,-%)
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of 0 on the lattice parameters, hardness, and d of high-purity
Zr has been studied. The iodide crystal bar, ofgiven compn.,
low in Hf (0-0142 at.-%), and contg. 0-0147 at.-% O, had
lattice const, of a = 3-2256, + 0-00014 and c = 5-1370,, *
0-00036 kX ; these increased linearly with increasing O
content, but the c/a ratio, 1-5926, remained const.; extra-
polated values for O-free metal gave a0 = 3-22580+ 0-00084
and c0= 5-1373, + 0-00105 kX. Equations which wore
derived for relating lattice parameters to 0 content wore not
sufficiently accurate to justify their use for analytical purposes.
Small amounts of O produced large increases in hardness, as
little as 2-0 at.-% embrittling the metal to such an extent as
to preclude cold working and machining. This, together with
the fact that there is little tendency to form mech. twins,
suggests that the O atoms occupy preferred positions in tho
lattice, thus interfering with the normal slip process, and it is
probable that slip and twinning occur, not on the usual
hexagonal basal plane, but in a maimer similar to that in
a-Ti, where slip occurs in the (1010) and (IOIl) planes, and
in a [1120] direction, while twinning takes place in the planes
(1012) and (1122). The X-ray d of O-free metal was calculated
as 6-507 g./cm.3 at 25° C.; tho d increased with increasing O
contents, despite the observed linear increase in unit cell vol.,
while tho effects of minor impurities wore found to vary with
the sp. element. It is considered that good agreement in
tho calculated and moasured d values is consistent with the
initial assumption of interstitial and substitutional soln. of
0 and Hf atoms resp. 9 ref.—E. N.

*High-Temperature Experiments with Zirconium and Zir-
conium Compounds. W. J. ICroll, W. R. Carmody, and A. W.
Schleehten (U.S. Bur. Mines, Rep. Invest.,, 1952, (4915),
31 pp.).—A report of the cliom. reactions of Zr and Zr com-
pounds investigated during the development of processes for
tho prodn. of ductile Zr; it is stated that tho results are also
applicable to Ti and Ti compounds. The prodn. of ZrCf.
by tho following methods was considered and the conditions
and yields investigated : (1) Direct chlorination of Zr03C
mixtures; (2) chlorination of tho carbide with HC1; (3)
reaction between chlorides (e.g. Mg and Ca) and ZrO,; (4)
reaction between K2ZrF6and CacCl,; and (5) reaction between
ZrSi and FeCl,. The sopn. of Zr by the formation of the sul-
phide or of K,ZrF6 was also investigated. Direct prodn. of
alloys was carried out by the reduction of Zr02 by C in tho
presence of other metals, reduction of Zr double chlorides or
fluorides by (e.g.) Mg-Cu alloys, by fusion electrolysis to
form an alloy with the cathode metal, and by reduction of
compounds with Al. The power of various metals to reduce
ZrClj was investigated, and Alwas found to be most effective.
Electrolytic methods were developed for plating other metals
with Zr. A number of experiments on the fusibility of ZrCl4
NaCl mixtures are also reported. The prodn. of Zr powder by
Jig reduction of the oxido, reduction of tho chloride, and by
fusion electrolysis is described. An appendix on the detn. of
Oin Zr by chlorination methods is included. 32 ref.—D. M. P.

*Final Report on Metallurgical Investigation of Materials
Subjected to Liquid Lead-Bismuth Alloy Environment.
R. C. Grassi, D. W. Bainbridge, and J. W. Harman (U.S.
Atomic Energy Commission Publ., 1952, (AECTT-2201), 72 pp.).
—Stress-rupturo data were obtained for Mo at 1600° and
1800° F. (870° and 980° C.) and for Nb at 1800° F. in He,
Pb, and Bi. An anomalous increase in effective strength
was found for Mo at both 1600° and 1800° F. in Pb and Bi;
at 1800° F. the load for fracture in 100 hr. was 13% greater
in Bithan in He and 7% greaterin Pb. No significant surface
attack by the lig. metals was noted. The strength of Nb was
slightly less in Pb than in Ho for tests of < 100 lir. Pb caused
no major soln. attack, but micrographic studies showed tho
presence of a new surface phase with a slight penetration.
Bi caused the development of surface fissures in Nb, and tho
attack was accompanied by a marked loss in strength and
ductility. When Nb was welded to Mo, large grains were
developed, together with the formation of an unknown
precipitate in the grain boundaries which resulted in marked
weakening of the material in lig. Bi at 1800° F. In static
soln. tests in Pb and Pb-Bi, Fe, Cr, Ni, and Mn were found to
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dissolve in appreciable amounts from a lov-alloy steel, an
austenitic stainless steel, and various fcrritic stainless steels
in the temp, range 1400°-2000° F. (760°-1095° C.). The
lig. became rapidly saturated with Fo, which was displaced
from soln. with further soln. of Cr; this effect was more
pronounced in Pb than in Pb-Bi alloy. Ni also appeared to
have a precipitating influence with respect to Fe and Cr.
Forall the materials studied, the eutectic Pb-Bi alloy was more
reactive than Pb and dissolved ~5 times the amount of all
steels tested. Metallographic evidence suggested that surface
decarburization occurred for some steels and the degree of
general attack increased with the concentration of Cr and Ni
in the steel. No evidence of attack was obtained for Mo in
Pb at 14000-2000° F., and it appeared that Nb was unattacked
by Pb. A roview is given of the complete results to date, and
suggestions are made for further work.—B. W. M.
+Theory of Time-Dependent Rupture and Interpretation of
Some Stress-Rupture Data. D. N. Frey (Amer. Soc. Test.
Mat. Preprint, 1952, (80), 7 pp.).—The mechanism of rupture
processes is considered, and it is suggested that two types of
processes occur. At short times and high stresses, dislocations
condense to form a microcrack of critical size ; at long times
and low stresses, where creep is negligible, rupture is of a truly
brittle naturo. Microcracks initially present grow by random
thermal oscillations to critical size. The increased time to
rupture brought about by pptn. in austenitic alloys can bo
explained on this basis. Circumferential notches increase the
rupture time for short times, but decrease it for long times, and
this is also explicable on the theories put forward. 11 ref.
—P. T.G.
#Failure and Fracture of Metals as a Nucléation Process.
Takeo Yokobori (J. Phjs. Soc. Japan, 1952, 7, (1), 44r47).—
[In English]. Discontinuous plastic phenomena in metals,
e.g. yielding and brittle fracture, are regarded as Markoff
processes, and are discussed math, from the standpoint of
nucléation theory. Among matters discussed are: (1) the
relation between strength and deformation or stress velocity ;
(2) the temp, dependence of strength; (3) the size-effect;
(4) the transition temp, from ductile to brittle fracture; (5)
fluctuation characteristics of strength, and (6) theoretical
criteria of failure and fracture of polycrvst. metals. 20 ref.
—J.S.G. T.
+Failure and Fracture of Metals as a Rate Process. Takeo
Yokobori (J. Phys. Soc. Japan, 1952, 7, (1), 122-123).—[In
English]. Math, deductions from a theory of the failure and
fracture of metals which regards yielding as a process of
nucléation and the growth and movement of dislocations, are
shown to be in good agreement with many experimental
data relating to the fracture of the harder metals. Creep
fracture after necking is botter explained as a growth process
of a crack nucleus than as a nucléation process.—J. S. G. T.
ESect of Radiation on Elastic Constants. F. R. N.
Nabarro. G.J. Dienes (Phys. Rea., 1952, [ii], 87, (4), 665-666).
«—Two letters. N. claims that the approximation used by
Dienes (ibid., 1952, [ii], 86, 228 ; M.A., 20, 450), in which a
lattice distorted by interstitial atoms and vacancies is treated
as deforming homogeneously, overestimates the difference
between the effects of interstitial atoms and vacant lattice
sites in equal numbers. Different estimates are obtained by
applying elasticity theory. <D. replies that N.’s elasticity-
theory calculations underestimate the effect of interstitial
atoms, and that if a moro probable radius of effect of an
interstitial atom were usod, elasticity theory would have given
a result in approx. agreement with the original calculations.
—P. C. L. P.
'[Mechanical Effects of Interfaces. Bruce Chalmers (Metal
Interfaces (Amer. Soc. Metals), 1952, 299-311).—Variations in
the mech. properties of metals, viz. elastic and plastic pro-
perties and fracture, associated with (1) the external surface
and (2) interfaces between crystals of either (a) the same or
(b) different phases of a metal, are very briefly discussed.
Effects occur in polycryst. metals that cannot be detected or
predicted in single crystals. 33 rof.—J. S. G. T.
fStress Relaxation Across Interfaces. A. S. Nowick
(Metal Interfaces (Amer. Soc. Metals), 1952, 248-268).—Mech.
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properties due to stress relaxation across interfaces, the effect
of impurities on grain-boundary relaxation, and the activation
energy for interface relaxation, are briefly reviewed. Experi-
mental methods for studying relaxation effects include stress
relaxation at const, strain, creep at const, stress, creep
recovery, internal friction, and dynamic modulus. 28 rof.
—J. S. G T.

#Prediction of Creep Curves from Stress/Strain Data. Yoh-
Han Pao and Joseph Marin (Amer. Soc. Test. Mat. Preprint,
1952, (141), 7 pp.).—A method is developed for predicting
tension creep/time relations for const, stresses from tensilo
stress/strain relations at various strain rates. The essential
difference between the proposed procedure and formerly
proposed “ equations of state ” procedures is that the mech.
equation of state is applied to the creep strains and creep
rates only, rather than to the total strains and total strain
rates. Graphical and numerical procedures havo been used,
and no actual equation has been formulated. The method
was applied to test data obtained using Plexiglas Il, and the
agreement botween actual and predicted creep/time curves
was good. 7 ref.—P. T. G.

#A Statistical Interpretation of the Effect of Understressing
on Fatigue Strength. E. Epromian and R. F. Mehl (Amer.
Soc. Test. Mat. Preprint, 1952, (90), 7 pp.).—Specimens
subjected to fatigue at or below tho endurance limit will
undergo a larger number of cycles to failure, as compared
with virgin material, when tested at a higher stress. To
investigate this effect of understressing, specimens of Armco
Fe and of a steel were tested in groups of 20 at several stresses
in the endurance range and were then retested at a higher
stress. It is concluded that the effect of understressing can,
inpartifnotwholly, be interpreted as a statistical phenomenon
based on selectivity and the statistical nature ofthe endurance
limit, and that contrary to general belief, cold work does not
play a dominant role. The importance of tho statistical
approach to fatigue problems is emphasized.—P. T. G.

#An Investigation of the Coaxing Effect in Fatigue of Metals.
G. M. Sinclair (Amer. Soc. Test. Mat. Preprint, 1952, (92),
9 pp.).—The fatigue-resistance of some metals may be
improved by understressing followed by a process of gradually
increasing the amplitudo of the alternating stress in small
increments (* coaxing ”). The effects of various coaxing
procedures on the fatigue resistance of ingot Fe, two steels,
75S-T6 Alalloy (Zn 5-6, Mg 2-5, Cu 1-6, Cr0-3%), and annealed
70: 30 brass, were studied. The fatigue-resistance of un-
strained ingot Fo and the steels was considerably increased
by coaxing, but that of strained and aged ingot Fe, tho Al
alloy, and the brass was not improved. It is concluded that
tho coaxing effect is due to a time-dependent localized
strengthening of the metal by strain-ageing and not to tho

ability of the metal to be strengthened by cold work. 12 ref.
—P. T. G
+0On the Theory of Dipole Interactions with Metals. S. J.

Czyzak (Amer. J. Physics, 1952, 20, (7), 440-446).—Practical
appn. in which interactions of organic mol. and metallic
surfaces play an important part include adhesion, lubrication,
friction, wetting, and phys. absorption. The classical and
quantum-mech. interactions of molecular dipoles and metallic
surfaces are derived and numerical calculations given for
several mol.-metal pairs. The effect of the polarity of the
mol. on the interaction energy with metallic surfaces, and
the problem of adhesion are also discussed. 21 ref.
—W. A. M. P.

+Theoretical Problems Relating to the Determination of
Coefficients of Auto-Diffusion in Solids by the Method of
Isotopic Heterogeneous Exchanges. Gaston Berthier (J.
Ghim. Phys., 1952, 49, (10), 527-536).—Based upon Fick’s
diffusion law, the method and notation of vectorial analysis
are applied to develop a theory and formulée applicable to the
detn. of coeff. of auto-diffusion in solids by the method of
isotopic exchanges. Tables facilitating calculations relating
to plane, cylindrical, and spherical diffusion are provided,
and the possibilities of the method are illustrated by appn.
to the work of Haissinsky and Peschanski on S (ibid., 1950,
47, 191).—J. S. G. T.
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+Theory of Grain-Boundary Diffusion. R. Smoluohowski
(Phys. Rev., 1952, [ii], 87, (3), 482-487).—The variation of
the structure of grain boundaries with the relativo angle of
disorientation (./. Appl. Physics, 1951, 22, 1260; M.A., 19,
599) is used to deduce tho apparent activation energy for
grain-boundary diffusion, taking loss of material from the
boundary into surrounding grains into account. In certain
circumstances it is possible to get a small or a negative
apparent activation energy. Tho theory is in agreement
with tho experimental work on the diffusion of Zn in Cu
(Flanagan and S., ibid., 1952, 23, 785; M.A., 20, 226).

—P. C. L. P.

tMetal Surface Phenomena. Herbert H. Uhlig (Metal
Interfaces (Amer. Soc. Metals), 1952, 312-333).—U. considers
that there are no special forces at the surface of a metal;
surface forces arc the samo as those operating within the
crystal lattice, and differ only in magnitude from the latter.
After clarification of this matter the subjects of phys. and
chem. adsorption aro discussed. It is considered that
adsorbed layers account largely for : (1) friction and lubrica-
tion phenomena; (2) catalytic activity; (3) passivity and
corrosion-resistance, particularly of tho transition metals,
which are themselves passive or constitute tho major com-
ponents of passive alloys. 38 ref.—J. S. G. T.

jThe Atomistic Theory of Metallic Surfaces. Conyers
Herring (Metal Interfaces (Amer. Soc. Metals), 1952, 1-19;
discussion, 19).—Tho work-function and surfaco energy of
metal surfaces, free from contamination, aro discussed
theoretically, starting from elomentary considerations relating
to the formation of a superficial double layer by a process
of electron spreading, and leading up to a brief discussion
of the free-eloctron theory of surface energy. Other matters
briefly discussed include: (1) the double layer of an idealized
metal with a homogeneously-distributed positive charge and
a stepped or flat surface; (2) semi-empirical deductions
relating to surface energy, e.g. that metals tend to have
smaller values of tho ratio shear modulus/bulk modulus than
non-metals ; (3) theory of the elastic const, of metals; and
(4) tho relation of tho work-function to elcctron-omission
phenomena. H. considors that all theoretical papers relating
to the properties of metal surfaces are open to serious objec-
tions, and suggests that tho surface lattice spacing may be
a few % less than that in the interior. 12ref.—J. S. G. T.

m(Measurement of Solid/Gas and Solid/Liquid Interfacial
Energies. Harry Udin (Metal Interfaces (Amer. Soc. Metals),
1952, 114-133).—Experimental methods, developed within the
last 4 years, for measuring solid/gas and solid/liquid interfacial
energies aro briefly reviewed, and results relating to Cu, Ag,
and Au at temp, of 10400-136(P It. aro given and briefly
discussed. For many metals the ratio solid: liquid onergy/g.-
atom of surface atoms is tho heat of fusion, indicating
that intcrfacial atoms may be considered as half-melted,
each atom having, on the average, an equal number of liquid
and solid near neighbours. The interfacial tension solid
Cu/Pb vapour is 800 dvnes/cm.; that of solid Cu/lig. Pb is
~3G0 dynes/cm. The surface tension of Cu is 1800 dynes/cm.
O appears to be strongly adsorbed at grain boundaries as
well as at the surface of Ag. Imperfect wetting, e.g. as in
the case of Pb on Cu, appears to be exceptional among metal
pairs. Although a number oftransition metals wet refractory
carbide surfaces, only Co-bonded carbide performs well in a
tool-bit. 26 ref.—J. S. G. T.

‘The Specific Heats of Several Metals Between 1-8° and
4-2’ K. |. Estermann, S. A. Friedberg, and J. E. Goldman
(Phys. Rev., 1952, [ii], 87, (4), 582-588).—The sp. heats of
Cu, Mg, Ti, Zr, and Cr of purities 99-6, 99-96, >99, 99-5, and
99-9%, resp., have been measured in the lig.-He temp, range
with tho aid of a resistance thermometer made of a Ge alloy
contg. a small amount of In. The results for all the metals
could, be fitted to equations of the type Cv—yT -f (3T3
while tho values of y and 3 for Cu agrood closely with those
obtained by Kcesom and Kok (Physica, 1936, 3, 1035). Tho
experimental value of y for Mg of 3-25 X 10 4 cal./’K.y'mole
is compared with that expected assuming two free electrons,
and with the value of y for Zn. Tho values of Yy for Ti,
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Zr, and Crof 8 00, 6-92, and 3-80 X 10 4 cal./°K.2/mole, resp.,
aro discussed in relation to tho various theories of the elec-
tronic structure of the transition metals.—P. C. L. P.

The Influence of Lattice Vibration Spectrum on Electronic

Thermal Conductivity. F. H. J. Cornish and D. K. C.
MacDonald (Phil. May., 1952, [vii], 43, (344), 991).—A
letter. The assumption of a const, lattice wave velocity is

shown not to bo responsible for the incorrect prediction of
a min. in the thermal conductivity of a pure monovalont
metal.—P. C. L. P.

+The Fundamentals of the Welding of Electric Contacts under
Heavy Current Conditions. Else Holm and Ragnar Holm
(Amer. Soc. Test. Mat. Bull., 1952, (188), 39-44).—Welding
or sticking of elect, contacts is liable to occur in many types of
equipment. Under heavy current conditions the welding is
due to molting or softening of tho metal, and tho joint may
bo stronger than the opening forces available. A method
for calculating the strength ofa weld as function of the max.
current and the hardness oftho annealed metal, is put forward,
which applies under certain simplified conditions, one of which
is that tho metal does not oxidize. Results obtained with
Ag confirmed tho predictions of tho theory. Measurements
with steol, Ni, Mo, and W showed what proportions of the
calculated values were obtained for metals that do oxidize.

—P.T.G.

#Theoretical and Experimental Heat Capacities of Supra-
conducting Metals. R. D. Worley, M. W. Zcmanskv, and
H. A. Boorse (Phys. Rev., 1952, [ii], 87, (6), 1142-1143).—
A letter. The variation of the heat capacity of supraconduct-
ing metals with temp, is shown to agree with tho theory
suggested by Koppo (Ann. Physik, 1947, [vi], 1, 405). Tho
discrepancy between measurements and theory for Nb and V
atlowtemp, issomewhatgreaterthan the limits ofexperimental
error—P. C. L. P.

#Effect of Surface Energy on the Supraconducting Phase
Transition. M. P. Garfunkel (Phys. Rev., 1952, [ii], 87,
(1), 108-110).—Simple thermodynamics is used to deduce the
relationship between the amount of superheating or super-
cooling and tho surfaco energy between tho supraconducting
and normal-conducting phases. Tho expected amount of
hysteresis is related to tho geometry of the specimon with
respect to the magnetic field.—P. C. L. P.

Supraconductivity Below 1° K. M. C. Steele (Phys. Rev.,
1952, [ii], 87, (6), 1137-1138).—A letter. A discussion, in
terms of the temp, variation of the magnetization curves of
supraconductors, is given of tho paramagnetic offect found by
Daunt and Heer (ibid., 1949, [ii], 76, 1324; M.A., 17, 625),
when supraconducting specimens of Al and Zn were allowed to
warm up from very low temp, under the influence ofan applied
magnetic field.—P. C. L. P.

Electron-Lattice Interaction and Supraconductivity. K. S.
Singwi (Phys. Rev., 1952, [ii], 87, (6), 1044-1047).—A theory
of supraconductivity is proposed which, like that of Bohm
and Staver (ibid., 1951, [ii], 84,836; M.A., 20, 77), attributes
the existence of the supraconducting state to tho fact that
fast-moving electrons can move more readily in the wake of
one another. Short wave-length phonons are considered to
be important in electron-lattice interaction because of tho
small dependence of the transition temp, on film thickness.
The present theory can treat these, whereas the model of B.
and S. breaks down.—P. C. L. P.

+Determinantal Eigenfunctions for the Theory of Supra-
conductivity. William Band ([[/»S.] Nat. Bur. Stand. Circ.,
1952, (519), 23-25).—Use of the Pauli exclusion principle
applied to an electron assembly, combined with phys. ideas
about phase coherence among zero-point Debye mode3
(Phys. Rev., 1950, [ii], 79, 739, 1005; M.A., 18, 455, 502),
enables ,a qual. explanation to be given of the Meissner
effect, which includes more than tho diamagnetic effects
observed in large supraconductors, and is necessarily
associated with the observed ability of the supcrcurrcnt to
jump over lattice imperfections even in non-inductive
linear supraconductors too thin to show any diamagnetic
effects. If it can be proved that a magnetic field would
increase the negative resonance energy, the destruction of
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supraconductivity by a magnetic field and the fact that
this occurs as a first-order phase change, can be well under-
stood. B. suggests that the combination referred to appears
to be highly promising in the matter of developing a theory
of supraconductivity. In particular, Ins theory does not
require unreasonably great lattice interactions to stabilize
the supercurrent.—J. S. G. T.

Statistical Thermodynamics of the Supraconducting State.
Hiroshi lohimura (./. Phys. Soc. Japan, 1952, 7, (3), 233-240).
—I[In English]. A statistical-mcch. theory of the supra-
conducting state, in which the second-order effect of the lattieo
vibration on the electrons, introduced by Fréhlich (Phys. Rev.,
1950, [ii], 79, 845 ; 31.A., 18, 502), is regarded as the source of
the attraction in the momentum space, is developed. The
existence of a special equilibrium state, stable below a certain
temp., is established; this state being regarded as the supra-
conducting state, satisfactory agreement is found between
theoretical and observed values of AG, the jump in the values
of the sp. heat at tho transition temp, and the threshold
magnetic field for the metals Al, V, Zn, Sn, Ta, Hg, and Pb.

—J. S.G. T.

#The Thermodynamics of a Fermi Gas with Interchanges.
Wolfhart Zimmermann (Z. Physik, 1952, 132, (1), 1-22).—
Math. A method for developing the thermodynamic theory is
explained and applied to Eréhlich’s theory of supraconduc-
tivity (Phys. Rev., 1950, [ii], 79, 845; M.A., 18, 502). The
results found by F. for T — 0 are confirmed, but it is shown
that the theory in its present form cannotexplain the anomalies
found in tho sp. heats of supraconductors.—J. W. C.

Similarity Properties of the Two-Fluid Model of Supracon-
ductivity. E. Maxwell (Phys. Rev., 1952, [ii], 87, (6), 1126-
1127).—A letter. M. shows that tho exact goometrical
similarity of the threshold curves for tho supraconductivity
of different isotopes of the same substance, supports the
Gorter and Casimir two-fluid theory, which separates the
electrons into normal and supraconducting types (Physikal.
Z., 1934, 35,963 ; M.A., 2, 144)—P. C. L. P.

*Gyromagnetic ESect in a Supraconductor. R. H. Pry,
A. L. Lathrop, and W. V. Houston (Phys. Rev., 1952, T[ii],
86, (6), 905-907).—The experiments of Kikoin and Gubar with
a supraconducting Sn sphere (J. Physics (U.S.S.R.), 1940, 3,
333; M.A., 8, 261) have been repeated to remove ambiguity
about tho direction of tho gyromagnetic offect. Tho measure-
ments agreed with those of K. and G. and gave an effect
rather less than that expected for completely free electrons.

—P.C.L.P.

*A Note on Wooldridge’s Theory of Secondary Emission.
E. M. Baroody (Phys. Rev., 1952, [ii], 86, (6), 915-916).—B.
shows that the broad max. in the secondary emission coeff.
against primary energy, obtained by Wooldridge (ibid., 1939,
[ii], 56, 562), results from neglect of tho consequences of tho
momentum received from the primary electron. This
momentum is sufficient to eliminate or substantially modify
the theoretical shape of tho curve.—P. C. L. P.

+Theory of the Production of Secondary Electrons in Solids.
A. J. Dekker and A. van der Ziel (Phys. Rev.,
[5), 755-760).—A theoretical treatment is given of the prodn.
of secondary electrons, assuming that the interaction energy,
V, between a primary electron with a radius vector, R, and
a lattice electron with a radius vector, r, is V = e2|R —r|.
It is applied to weakly bound electrons, to completely
free electrons, and to tightly bound electrons whoso wavc-
functions are similar to the atomic wave-functions. The
energy loss along the path of the primary electron has
the same kind of dependence on the primary energy in the
free electron and tightly-bound cases, but it is different
from the dependence found where the electrons are weakly
bound. After making simplifying assumptions, the mechanism
of the escape of secondary electrons from the surface is
brought into tho treatment, which is discussed in relation
to previous theories.—P. C. L. P.

+The de Haas-van Alphen Effect. D. Shoenbcrg ([G.<S.]
Nat. Bur. Stand. Circ., 1952, (519), 261-264).—The dc Haas-
van Alphen effect relates to the periodic field-dependence of
the magnetic susceptibility of metal single crystals. The
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effect, already known to occur in Bi, Zn, Ga, Sn, and graphite,
has now been found to occur also in Cd, In, Sh, Al, Mg, and Be.
The offect should occur in every metal at sufficiently high
fields and sufficiently low temp., and should be most easily
observed in metals in which the Fermi surface crosses Brillouin
zone boundaries. Al is the first metal of cubic symmetry in
which the effect has been observed. Characteristics of the
effect, as exhibited by different metals, are briefly discussed,
and a modification of Landau’s formula for the periodic field-
dependence of the effect (see S., Proc. Roy. Soc., 1939, [A],
170, 341, Appendix; M.A., 6, 201), which provides a
possible explanation of experimental facta that hitherto did
not fit the theory, is proposed and discussed.—J. S. G. T.
¢Interpretation of the de Haas-van Alphen Effect. L.
Onsager (Phil. Mag., 1952, [vii], 43, (344), 1006-1008).—A
letter. The explanation of tho oscillatory variation of the
magnetic susceptibility of many metals at low temp, (the
de Haas-van Alphen effect), in terms of tho holical motion of
free electrons is generalized to take account of the periodic
field within tho crystal. A relation is obtained between
the oscillatory dlamagnetlsm and the geometry of the Fermi
surface.—P. C. L. P.
+Some Magnetlc Properties of Metals. |.—General Introduc-
tion, and Properties of Large Systems of Electrons. H.—The
Influence of Collisions on the Magnetic Behaviour of Large
Systems. R. B. Dingle (Proc. Roy. Soc., 1952, [A], 211,
(1107), 500-516; 517-525).—[l.—] Math. After a general
introduction surveying some of the problems of magnetic
susceptibility which are examined in this and subsequent
papers, a detailed analysis is made of the magnetic behaviour
of a largo system of N electrons, viz. (1) the Schrédinger
equation is solved, assuming that the system is unbounded;
modifications caused by the finite size of the system are then
determined for the limiting case in which the system is much
larger than the electronic orbits, (2) an expression is then
obtained for the d of states, (3) the free energy of the system
is evaluated assuming kT < EO, where BO is the degeneracy
parameter, (4) the magnetic susceptibility, thermodynamic
potential, and sp. heat are discussed for the two cases N const,
and EOconst., and (5) the non-periodic magnetic susceptibility
at high temp, is evaluated. 34ref. [Il.—j Math. The effect
of collisions on tho magnetic properties ofa large system of free
electrons is analysed. The result shows that although the
non-periodic term in the susceptibility is hardly affected the
periodic terms are reduced by a factor. 8 ref.—E. N.
+Comparison of Magnetoelastic Energy Losses and Magnetic
Hysteresis in Ferromagnetic Materials. G. Bonfiglioli, A.
Ferro, and G. Montalenti (Phys. Rev., 1952, [ii], 86, (6), 959-
961).—Experiments on Ni, Fe, and several steels indicate that
tho magnetic hysteresis energy losses in a loop going to
magnetic saturation are greater than, though of the same order
as, the magnetoelastic energy losses in a stress cycle between
stresses near tho Y.P. The attempt made to analyse tho im-
plications of the result is only partially successful.—P. C. L. P.
+The Gyromagnetic Ratios of the Ferromagnetic Elements.
G. G. Scott (Phys. Rev., 1952, [ii], 87, (5), 697-699).—A
sensitive torsional pendulum has been used to determine the
gyromagnetic ratio of high-purity Ni and Fe, and of two
samples of Co contg. ~1% of Ni. The slight difference in
the ro3idts for the two Co samples is not thought to be directly
attributable to a difference in impurity contents.—P. C. L. P.
+The Spherical Model of a Ferromagnet. T. H. Berlin and
M. Kac (Phys. Rev., 1952, T[ii], 86, (6), 821-835).—Two
modifications to tho Ising model of a ferromagnet aro
described and analysed. The Gaussian model is shown to
become invalid below a critical temp., though the spherical
model, whose behaviour is examined in detail, is valid at all
temp. The three-dimensional lattice shows ferromagnetic
behaviour and provides a framework within which to discuss
the nature of the ferromagnetic transition.—P. C. L. P.
+Molecular-Field Treatment of Ferromagnetism and Anti-
ferromagnetism. J. Samuel Smart (Phys. Rev., 1952, [ii],
86, (6), 968-974).—The Weiss-type treatment is extended to
take account of both first- and second-nearest neighbour
interaction. All four possible combinations of the signs of
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the Weiss coeff. are considered, and the extents of ordering
of spins in b.c.c. and f.c.c. lattices below the Curio temp, aro
deduced. The conclusions aro in qual. agreement with
experimental data on antiferromagnetic compounds, though
some puzzling features remain.—P. C. L. P.

*An Approximate Quantum Theory of the Antiferromagnetic
Ground State. P. W. Anderson (Phys. Rev., 1952, [ii], 86, (5),
694-701).—Spin-wave theory is used to calculate the ground-
state energy and wave-functions of certain simple lattices,
where the atomic spins are coupled antiferromagnetically.
The results justify the basis upon which other theoretical
treatments have been built. A briefdiscussion is given of the
implications of the conclusions about the extent of long-range
order, to the theory of metallic binding. 17 ref.—P. C. L. P.

+Energy of a Bloch Wall on the Band Picture. Il.—Per-
turbation Approach. Conyers Herring (Phys. Rev., 1952,
[ii], 87, (1), 60-70).—Cf. ibid., 1952, [ii], 85, 1003; M.A.,

20,460. H. recently (toe. cit.) calculated the energy associated
with the boundary between two forromagnotic domains, by
considering the precession of electron spins necessary to
keep alignment with the magnetization vector within the
transition region. An alternative calculation moro closely
relatod to the band theory of metals is given in the prcsont
paper, using a running spin-wave model and self-consistent
field methods. An explicit soln. is obtained for a real metal,
assuming that the torque exerted on the spin of an electron
is proportional to the departure of the spin orientation of the
electron states in that region from the local mean orientation.
Comparison is made with the somewhat similar assumptions
used in the collective electron model of ferromagnetism.
Appn. of the treatment to Ni, using theoretically derived
parameters, gave a valuo of the Bloch wall coeff. of the
correct order of magnitude but appreciably smaller than that
obsorved experimentally. The idealized case of a froe-
electron gas is treated without approximations. A dis-
cussion of the behaviour of spin waves in a metal shows their
ability to carry a current. For spin waves of long wave-
length, the present treatment is shown to include Slater’s
theory of spin waves in a ferromagnetic insulator as a special
case.—P. C. L. P.

*A Soluble Problem in Energy Bands. J. C. Slater (Phys.
Rev., 1952, [ii], 87, (5), 807-835).—The behaviour of electrons
in a simplo cubic lattice is considered with particular ref.
to wave-functions of a type intermediate between the ranges
of validity of the frco-electron and tight-binding approxima-
tions. The simple cubic lattice was chosen because the soln.
is separable into soluble one-dimensional equations. The
behaviour of the wave-functions of valence electrons is
determined by being squeezed between the quite different
patterns associated with bound and free electrons. The
effect of various perturbations, including a doubling of the
periodicity, is considered, and this is taken to the limit in
suggesting an approach to the behaviour of electrons in
b.c.c. and f.c.c. lattices. A detailed discussion is given of
the complications introduced when different types of band
overlap.—P. C. L. P.

#Electronic Energy Bands in Crystals. R. H. Parmenter
(Phys. Rev., 1952, [ii], 86, (4), 552-560).—The behaviour of
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electrons in an unbounded cryst. solid is considered. The
tight-binding approximation which is often used to

determine the Bloch sums of the overlap and exchange
integrals is rejected as unsatisfactory for valence electrons
and excited states. By partial expansion and math, mani-
pulation, the slowly convergent Bloch sums in ordinary
space are converted into rapidly convergent series in momen-
tum space. Transformation of the result to make it of use
in calculations, gives an answer identical with that obtained
by the method of orthogonalized plane waves (Herring,
ibid., 1940, [ii], 57, 1169; M.A., 7, 437). Appn. of the
approach to the valence electrons of Li, shows that the
effective mass of the electrons at the bottom of the valence
band, averaged over the different crystallographic directions,
is 0-8075 electron masses, which is greater than that calcu-
lated by Silverman and Kolin (ibid., 1950, [ii], 80, 912;
M.A., 19, 101, 260). The calculated width of the filled part
of the valence band is 4-08 eV., which is in better agreement
with the obsorved value of 4-1J; 0-3 than the 3-51 eV.
calculated by S. and Iv. The theoretically expected soft
X-ray K omission band of Li does not agree well with the
observations of Skinner (Reports on Progress in Physics,.
1938, 5), which show a pronounced drop at the top of the-
filled part of the band.—P. C. L. P.

+Statistics of the Recombination of Holes and Electrons,.
W. Shockley and W. T. Read, Jr. (Phys. Rev., 1952, [ii], 87,.
(5), 835-842).—A treatment of the rates of recombination
of holes and electrons is given on the basis that the recom-
bination occurs by trapping in energy levels within thé energy-
gap between filled and conduction bands. The rate-limiting
process is assumed to be the availability of electrons to enter
the traps. Predictions aro made about the dependence of
the lifetime of injected current carriers upon the extent to
which the bands were occupied initially, and upon the d of
injected carriers.—P. C. L. P.

+The Binding Energy of the Thomas-Fermi Atom. J. M. C..
Scott (Phil. Mag., 1952, [vii], 43, (343), 859-867).—The theore-
tical variation of the total binding energy of atoms with at..
number 7 is calculated to be as ZAP on the Thomas-Fermi
statistical model taking boundary and exchange effects into-
account. This result agrees with deductions from observa-
tions on atoms of medium at. wt. It is shown how the varia-
tion with Z~13, as found by experiment, could arise for the
light elements. A rough estimate is made of the necessary
relativity correction for the heavy atoms.—P. C. L. P.

+Variational Methods for Periodic Lattices. W. Kohn
(Phys. Rev., 1952, Tii], 87, (3), 472-481).—The variational,
method is developed for the soln. of the Schrédinger equation
in a periodic potential produced by a lattice. The results,
obtained by the use of: (i) Wigner-Seitz polyliedra; (ii)
the semi-empirical approximation of Kuhn and Van Vlcck ;
and (iii) Slater’s method of taking the actual shape of the-
polyhedra into account, which assumes spherical symmotry
ofthe potential field, are all derived by the variational method
using suitable approximations. Improvements to existing
calculation procedures are suggested, and a comparison is.
made between Slater’s and the variational treatment of the-
energy of the electrons in a b.c.c. lattice.—P. C. L. P.

2 — PROPERTIES OF ALLOYS

+Effects of Machining Specimens on the Results of Tension
Tests of Annealed [Aluminium and] Aluminium Alloys.
G. W. Stickley and K. O. Bogardus (Amer. Soc. Test. Mat.
Preprint, 1952, (66), 6 pp.).—Tension tests were made on
specimens from annealed Al and Al-alloy rod of 13 different
compn., using full-sized (unmachined) specimens, and speci-
mens annealed after machining and machined after annealing.
Specimens annealed after machining and machined after
annealing from Al and Al-alloy sheet of 10 different compn.
were also tested. The Y.P. of annealed 99-6% Al (2500
Ib./in.2) was more than doubled by machining from rod.

The effect of machining was less for materials with higher-
Y.P., but did not become insignificant until a Y.P. of 10,000
Ib./in.2 was reached. The effects on the Y.P. of sheet
specimens were smaller and insignificant for materials having
a Y.P. of 8000 Ib./in.2 or more. Machining annealed round
specimens reduced the elongation values for materials with
Y.P. <~5000 Ib./in.2, but there was no effect on the elonga-
tion for sheet specimens. In neither case was there any
significant effect on the U.T.S. As re-annealing after
machining is not always satisfactory, the best way ofeliminat-
ing machining effects in very soft motals is to use full-size.
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specimens. If this is impractical, specimens machined from a
cold-worked temper (at least half-hard) and then annealed
should be used.—P. T. G.

*An Investigation of the Plastic Behaviour of Metal [Alu-
minium-Alloy] Rods Subjected to Longitudinal Impact.
(Campbell). See col. 791.

+Influence of Testing Frequency on the Fatigue Strength of
Steels and Light Alloys. (Wyss). See col. 791.

*Some Observations on Correlations Between the Creep
Behaviour and the Resulting Structures in [Aluminium]
Alpha Solid Solutions. Oleg D. Sherby and John E. Dorn
(J. Metals, 1953, 5, (2), 324-330).—An extension of previous
work (cf. Trans. Amer. Inst. Min. Met. Eng., 1952, 194, 959;
see M.A., 20, 560). Metallographic and X-ray-diffraction
examination of specimens in various stages of creep show
that the creep behaviour is directly related to the grain
substructures which are developed; for a given creep stress
the substructures are functions ofthe creep strain independent
of the tost temp, (abovo 400° lv.). For each new creep stress
a unique set of grain substructures is developed as a function
of creep strain; this is one of the factors responsible for the
failure of the mech. equation of state for creep. 11 ref.

—E. N.

*On the Change of Dilatation of Aluminium Alloys Con-
taining 10% MgZn.,, and 10% MgzZn3 and 1-5% Cu. Hideo
Nishimura, Yotaro Murakami, and Hisao Otsuji (Suiyokwai-
Shi, 1952, 12, (3), 105-108).—[In Japanese], The dilato-
metric change accompanying the pptn. from solid soln. of Al
alloys contg. 10% MgZn2, and Al alloys contg. 10% MgZn2and
1-5% Cu has been investigated by a differential dilatometric
method after various heat-troatments.— Authors

*Solid Solutions and Grain Boundaries: Progress Report
[Aluminium-Zinc Alloys]. B. L. Averbach et al. (U.S.
Atomic Energy Commission PubL, 1952, (NYO-3809), 2 pp.).—
The thermodynamic properties of Al-Zn alloys were deter-
mined from e.m.f. measurements in a molten-salt electrolyte
contg. AICIj and NaCl. The data showed that the thermo-
dynamic activity of Al shows positive deviations from
Eaoult’s law and a positive heat of mixing, and the soln.
appears to be regular in that the entropy of mixing is close to
the ideal configurational entropy.—B. W. M.

+Thermal and Dilatometric Investigation of the Alloys of
Cobalt with Chromium and Molybdenum. A. G. Metcalfe
(J. Metals, 1953, 5, (2), 357-364).—Thermal analysis and
dilatometry at temp, have been used to study the binary and
ternary alloys of Co with up to 50% Cr and Mo, from the
liquidus down to ~1050° C., and particular attention has been
paid to the a->y and a->m8 transformations which can be
easily overlooked in quenched specimens. The alloys were
prepared from Co, Cr, and Mo of 99-92, 99-88, and > 99-8%
purity, resp., irrespective of their O content, all metals being
assumed to contain this gas. The alloys were vacuum-
melted and cast, deoxidation being carried out with C; the
ingots were homogenized by heating for 36-48 hr. at 1300°-
1325° C. in vacuo. The experimental techniques employed
and the methods of calibrating the W/Mo thermocouples which
wero used, are described in detail. The results aro discussed
in relation to those of other workers, and binary phase diagrams
are presented which incorporate modifications arising from
the new observations. Co-Cr : (1) the transformation of
f.c.c. Co (a) to the high-temp. h.c.p. form (y) occurs at temp,
which increase with Cr content; (2) the eutectic is at 1401° C.
and 42-5 % Cr; (3) the liquid partaking in tho peritectic
reaction contains 53% Cr; (4) the peritectoid reaction at
1323° C. is, Y (38% Cr) + S (46% Cr) = a (39% Cr); 8 is
the high-temp. form of the intormetallic compound Co2Cr3;
and (5) the peritectoid formation of a from S is placed at
12S5° C. Co-Mo : (1) tho eutectic is placed at 1345° C. and
35% Mo; and (2) the peritectoid formation of 0 takes place
at 1205° C. The ternary system Co-Cr-Mo is discussed, and
diagrams aro presented showing the liquidus and the a->8
transformationtemp. Four-phase equilibria within the system
are considered; there is a non-variant point of equilibrium
between the phases &,,8, and a at 1288“C., and a compn. of
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Cr 42, Mo 1-5%, balance Co. AIll compn. aro in wt.-%>
20 ref.—E. X.

+Development of Mechanical and Magnetic Hardness in a.
10% V-Co-Fe Alloy. Richard W. Fountain and Joseph F.
Libsch (J. Metals, 1953, 5, (2), 349-356).—The Co-Fo-Y
alloys used in this study consisted of: (1) commercial
Vicalloy I, contg. 10% V, and (2) alloys prepared by powder-
mctallurgy methods, and contg. Co 52, V 0-14%, balance
Fo. The following techniques were employed in the investiga-
tion : metallography, thormal and X-ray analysis, hardness,
and elect.-resistivity measurements, and dotn. ofthe magnetic
properties—coercive force, saturation, and residual induction.
Increasing V addn. to Co-Fo alloys: (a) lower tho y—a
transformation temp., thus promoting the formation of non-
magnetic y ; (6) decrease the intensity of the ordering reaction
of the a phase; and (c) lower the saturation and residual
inductance, and increase tho coercive force—max. values,
for the latter occur in alloys contg. Co 52, Fe 36-38, and
V 12710%, and aro ascribed to tho formation and pptn. of y
in tho magnetic a phase. Although mech. hardening is
primarily a result ofy pptn., ordering in the a phase may make-
a contribution at temp, above 600° C. 11 ref—E. N.

#Supraconductivity in the Cobalt Silicon System. B. T.
Matthias (Phys. Rev., 1952, [ii], 87, (2), 380).—A letter. It
has been found that the compound CoSi2 is supraconducting,
with a critical temp, of 1-27° Iv. A rapidly cooled, two-phase
(CoSi2 + Si) alloy had a transition temp, of 1-33° K., though
this could be lowered by annealing. CoSi2is believed to bo a
novel kind of supraconducting compound formed between two
non-supraconducting elements.—P. C. L. P.

*The Solubility of Indium in Copper. E. A. Owen and
E. A. O’Donnell Roberts (J. Inst. Metals, 1952-53, 81, (10),
479-480).—The X-ray measurements that have been made to
determine tho solubility of In in Cu, and thus tho a-phase
boundary of the Cu-In system over the range of temp, from
710° to 470° C., are recorded. Tho max. solubility of In in
Cu is found to be 10-9,, at.-% at 575° C.; tho solubility at the -
pcritoetic temp. (710° C.) is 10-05and at 500° C., 8-10at.-%.

— Authors.

+Study on Halman Electrical-Resistance Alloy [Cu-Mn-Al].
VILtl—Experiments on Stability of the Resistance of Halman
Electrical Resistance Wire. 1X.—On the Stability of Resistance.
Kiichiro Shinji (Suiyokwai-Shi, 1952,12, (3), 95-97 ; 97-99).—
[In Japanese]. Cf. ibid., (2), 1; M.A., 20, 687. [VIII.—]
The following results aro reported from experiments : (i) The
stability is slightly increased by pickling in acid aftor soft
annealing; (ii) slower cooling after soft annealing increases
tho stability; (iii) the stability decreases whon wire is stressed,
e.g. by winding; and (iv) annealing at low temp, of both
bare and coated wire is necessary to stabilize tho resistance.
[IX.—] The rate of decrease of the resistance by annealing at
low temp, aftor winding is not const. It is supposed that the
internal stress remaining in the wire after winding consists of
that contained in the wire before winding and that added by
tho winding operation, and it is theso stresses which affect the
rate of decrease. The change of resistance can bo kept
within a certain range by winding and annealing at low temp,
under const, conditions. An example of the change of re-
sistance by heating and passing an elect, current and the
stabilization by a low-temp. anneal after winding is described.
Tho results of heating and cooling on the resistance aro de-
scribed as one example of the remarkable effect of low-temp.
annealing on tho stability of resistance.—Author.

+0On the Electrical Properties of Alloys of Copper, Manganese,
and Zinc. Hideo Nishimura, Masao Adachi, and Hiroshi
Nakagawa (Bull. Eng. Research Inst. Kyoto Univ., 1952, 2,
(Sept.), 48-50).—[In Japanese, with graphs and tables in
English]. Results aro reported of an investigation of the
elect, properties of Cu-Mn-Zn alloys (DI-17-1% Mn, 2-2-
19-3% Zn). In the compn. range tested, the temp, cooff. of
resistance is positive. The linoarrelation between conductivity
and temp, coeff., which has been shown by Hansen, Johnson,
and Parks (Trans. Amer. Inst. Min. Met. Eng., 1951, 191,.
1184; see M.A., 19, 530), has been applied to the results.

— Authors.
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#The System InAs-InSb. C. Shih and E. A. Peretti (J.
Amer. Chem. Soc., 1953, 75, (3), 608-609).—Thcrmal-analysis,
X-ray, and metallographic Btudies of the system InAs-InSb
are reported. In the phaso diagram obtained, the liquidus
consists of an uninterrupted line running from the f.p. of
InAs (942° C.) to a outectie point experimentally indistin-
guishable from the f.p. of InSb (525° C.). The X-ray studies
of the solid state showed a small single-phase region at the
InAs end of the diagram.—J. R.

+The Magnetic Properties of Supraconducting Alloys of
Indium and Thallium. W. F. Love, E. Callon, and F. C. Xix
(Phys. Rev., 1952, [ii], 87, (5), 844-847).—Spheres of solid-
soln. In-T1 alloys contg. 5-37 at.-% T1 have been made from
99-98% purity ingredients. The 5 and 10% alloys showed a
well-defined critical magnetic field for the destruction of
supraeonductivity, and considerable reversibility of the mag-
netization on decreasing the field. The electronic sp. heat
deduced from thermodynamic relationships is tho samo for
both alloys, indicating that tho effective valency of the com-
ponents is the same. The breadth of the transition became
greater in alloys contg. moro Tl, while the magnetic behaviour
bocamo strongly- sonsitive to mech. shock. The critical temp,
for tho destruction of supraeonductivity decreases only
slowly on alloying.—P. C. L. P.

+Effect of a Notch and of Hardness on the Rupture Strength
of “ Discaloy.” [Iron-Nickel-Chromium-Molybdenum-
Titanium Alloy]. F. C. Hull, E. K. Haim, and H. Scott {Amer.
Soc. Test. Mat. Preprint, 1952, (75), 10 pp.).—The austenitic
alloy tested was of nominal compn. Ni 25, Cr 13, Mo 3,
Mn 0-8, Si 0-8, Al > 0-4%, with Ti varied between 1-4 and
2-4% (balance Fe). Const.-load croep-i'upture tosts wore
carried out at 1000° and 1200° F. (540° and 650° C.) on plain-
and notched-bar specimens. All matorial was first soln.-
treatod for 1hr. at 1950° F. (1085° C.) and oil-quenched, which
completely dissolved tho Ti hardener and produced a fully
rccrystallized structuro of const, grain-size. The specimens
were then aged at 1350° F. (730° C.) for 20 hr. (which time
produces approx. the max. hardness) and then air-cooled or
furnace-cooled in 6 hr. to the test temp, and stabilized at that
temp, for 20 hr. The hardness of the aged material increased
regularly with Ti content. The creop-rupture strengths at
1000° and 1200° F. increased to a max. then decreased with
increasing Ti content, the ductility- diminishing with increaso
ofstrength to 3% elongation and 4% reduction ofarea at max.
strength. The max. strength occurred at lower Ti contents
for notched than for plain specimens. The strength fell more
rapidly from the max. with increasing Ti for notched than for
plain specimens. The notched-bar strength was greater than
the plain-bar strength below a hardness corresponding to ~
1-9% Ti, and tho max. notched-bar strength could only be
obtained with a minor sacrifice in plain-bar strength. Close
control of Ti content is necessary to obtain the optimum
combination of plain- and notched-bar rupturo strength.

—P.T. G

+Application of Nucleation Theory to Isothermal Martensite.
J. C. Fisher (Ada Met., 1953, 1, (1), 32-35).—[In English],
Some results of Cecil and Hollomon (to be published) for the
isothermal formation of martonsite in a 73:23:4 Fe-Ni-
Mn alloy are compared quant, with a simplified classical
nucleation theory. The rate-limiting step is assumed to
be ordinary thermal nucleation (allowing for strain energy)
and the growth rate to be very rapid. Each martensite
plate is assumod to divide up tho vol. available for its growth
and to transform a const, fraction (/) of this vol. Using
tabulated freo-enorgy values, the max. nucleation rate is
calculated to occur at —126° C. in excellent agreement with
tho experimental value of —I128°C. The nucleation rate
and fraction / are both determined as a function of temp,
from tho experimental results, and tho former shows
reasonably good agreement with the theoretical curve.
5 ref.—J. W. C.

+Thermal Stabilization of Austenite in Iron-Carbon-Nickel
Alloys. E. R. Morgan and T. Ko (Acta Met., 1953, 1, (1),
36-48).—[In English], Experiments were made on the
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thermal stabilization of austenite in alloy-s of Fe with 0-10%
Niand 0-9-1-3% C. Stabilization occurred during continuous
cooling and by holding above and below Ms; stabilization
above Ms doprossed this temp. Detailed martensitic trans-
formation curves aro given for a numbor of alloys under
specified cooling conditions. The mechanism of stabilization
is discussed, and it is suggested that it is duo to an increase
in tho resistance of tho parent phaso to tho shearing move-
ments required to produce martensito. This resistance may
be due to tho formation of Cottrell atmospheres round
dislocations. 40 ref.—J. W. C.

+Effect of Sigma on Strength and Ductility of 25 Cr, 20 Ni
Steel. G. V. Smith and E. J. Dulis (Amer. Soc. Test. Mat,
Preprint, 1952, (82), 11 pp.).—Cf. M.A., 19, 179. Samples of
25:20 Cr-Ni austenitic stainless steel initially cold worked
35% wore heated at 1700°, 2000°, or 2300° F. (925°, 1095°,
or 1260° C.) for 1 hr. and water-quenched and then exposed
for 7500 hr. at 1300° F. (705° C.) to promote tho pptn. of
0 phase. In tension tests at room temp, a caused increased
Y.P. and U.T.S. and reduced elongation and reduction of
area. Loss of ductility was most pronounced after annealing
at 2300° F., elongation being reduced from 65 to ~1%. The
presenco or absence of a was moro important than grain-size.
Pptn. of a resulted in severe loss of notch impact strength in
the temp, range —315° to -j-500°F. (—195° to 260°C.). The
presenco of 0 caused moderate loss of creop-rupture strength
at 1300° F.—P. T. G.

+Gyromagnetic Ratios of Iron, Cobalt, and Many Binary
Alloys of Iron, Cobalt, and Nickel. (Barnett and Kenny).
See col. 740.

#The Optical Constants of Lead Sulphide, Lead Selenide,
and Lead Telluride in the 0-5-3 p. Region of the Spectrum.
D. G. Avery (Proc. Phys. Soc., 1953, [B], 66, (2), 134-140).—
Using a reflection method, the refractive indices and absorp-
tion coeff. of PbS, PbSo, and PbTe have been measured
against wave-length. At shorter wave-lengths (<~2 p) the
values depend on the method of propn. of the surface, but
beyond 2-5 i1, prepn. method has no effect on the results.
Mean values of refractive index at 3 p are PbS 4-10, PbSe
4-59, PbTe 5-35. For PbS, the absorption is independent of
impurity concentration. The results arc related to the
photoconductive properties of these compounds.—E. O. H.

¢Inter-Relation Between Optical Constants for Lead
Telluride and Silicon. T. S. Moss (Proc. Phys. Soc., 1953,
[B], 66, (2), 141-144).-—Measurements of the absorption
spectrum ofPbTe (cf. Avery, ibid., p. 134; preceding abstract)
and Si aro used to calculate theoretically the refractive
indices of these substances at long -wave-lengths. Agreement
with experimental values is good. It is suggested that the
refractivo index of PbTe should incroase 011 cooling, with a
reverse effect for Si. In an appendix, tho results are also
applied to Ge.—E. 0. H.

Magnesium [Alloys]. Rudolf Freitag (Metall, 1952, 5,
(5/6), 154-155).—A brief note on the prodn., properties,
and appn. of a fow of the more important Mg alloys.

—E. N.

#Stress and Plastic Strain Relations of a Magnesium[-2%
Aluminium] Alloy. A. E.Johnson and N. E. Frost (Engineer,
1952, 194, (5053), 713-719).—Describes work which is part
of a general research on the short-time combined-stress
properties of some metallic alloys. An Mg-Al alloyr has
been subjected to test undor pure tension (i), pure torsion
(s), and combined stresses of t/s ratio ranging from 0-2 to
3-25 at temp, of 20°, 50°, 100°, and 150° C. The results are
presented graphically and discussed in the light of modern
deformation theory.—D. K. W.

#Room- and Elevated-Temperature Properties of Powder-
Extruded  Magnesium  Alloys Containing  Aluminium,
Beryllium, and Zirconium. (U.S. Atomic Energy
Commission Publ., 1950, (COO0-20), 21 pp.).—Mixtures of a
basic Mg alloy contg. 0-5% Zr with various binary Al-Mg
alloy powders wero extruded and heat-treated for 16 hr. at
750° F (400° C.). The mech. properties of the alloys at room
temp, were as follows :
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Tensile  Compres-
Y.P. sion Y.P uTs.
Alloy Compn. "'__
Lb./in.* x 1000
Basic >7 19 35 13
Basic + 4% Al . 51 45 53 4
Basic + 12% A3t7 . 45 39 50 9
Basic + 20% A107 45 40 51 13
Basic + 40% A,, 40 36 49 13
where A* is a binary Mg-Al alloy contg. x% Al. Tensile

tests at temp, up to 750° I'. (400° C.) showed a rapid decrease
in strength with increaso in temp., but all tho Al-contg.
alloys wero superior to tho basic alloy at all temp. A homo-
genizing hcat-treatment of 16 hr. at 1050° F. (565° C.) applied
to tho basic alloy powder before extrusion resulted in a marked
lowering of tho strength properties of tho extruded mixture.
In the as-extruded condition, tho creop-rosistance of tho
mixtures at 200° and 300° F.j (95° and 150° C.) was greater
than that of the basic alloy. Hoat-troatment at 750° F
for 16 hr. increased tho creop-resistanco of tho basic alloy
and decreased that of tho mixtures.—B. W. M.

An Examination of Joule’s Work on the Metallurgy of
Amalgams. H. J. Axon (Metallurgia, 1953, 47, (279), 27-
28).—Joulo’s work on the constitution of binary alloys of
Hg is reviewed in the light of modern knowlodge. Tho
systems of Hg wnth Fe, Cu, Ag, Zn, Pb, and Sn are each
considered.—F. M.

+Effect of Notch Geometry on Rupture Strength [of Nickel-
Cobalt-Chromium-Iron Alloys] at Elevated Temperatures.
E. A. Davis and M. J. Manjoino (Amer. Soc. Test. Mat.
Preprint, 1952, (78), 21 pp.).—Creep-rupture tests wero
carried out at 1000° or 1200° F. (540° or 650° C.) on plain
bars and notched bars with varying geometry of the notch
on tho following alloys: (1) a stainless steel contg. Cr 19,
Ni 9, Mo 1-4, W 1-2, Nb 0-4, and Ti 0-3%, (2) a steel contg.
GT 12, W 3%, and pptn.-hardening alloys contg., (3) Ni 39,
Co 20, Cr 18-5, Fe 15, Mo 3, Ti 2-5, Al 0-2%, and (4) Ni 42,
Co 22, Cr 18, Fe 14, Ti 2-2, Al 0-2%. Alloys (3) and (4) wero
tested in various conditions of hoat-treatmont. The effect
on notch sensitivity of the following factors wore investigated
besides notch shape: stress level, grain-size, hardness,
ductility, and hoat-treatmont. Increasing tho sharpness of the
notch with const.-depth notches could raise or lower tho
notch sensitivity, dopending on the ductility and microstructurc
ofthe alloy. Metalswith high ductility exhibited a strengthen-
ing effect duo to sharp notches, the strengthening effect
decreasing and the notch sensitivity increasing as the ductility
docreasod. For metals with <10% unnotchod elongation,
the notch effect was strengthened or weakened, depending
on notch sharpness. For the same unnotchod ductility or
hardness, the notch sensitivity increased with increasing grain-
size. Stresslevelhad no appreciable effect on notch sensitivity.
The time taken to initiato a crack which propagated was
much longer than tho timo taken for this crack to travel
across the min. section of a notched specimen. It is suggested
that failure probably starts near tho surface at the root of
tho notch. It generall}' propagates along grain boundario3.
9ref—P. T. G.

+Solid Solutions and Grain Boundaries: Progress Report.
[Nickel-Gold Alloys]. B. L. Averbach el al. (U.S. Atomic
Energy Commission Publ., 1952, (NYO-582), 4 pp.).—Tho
X-ray diffuse scattering from Ni-Au alloys was measured
at 80° K. Abs. intensities in electron units wero obtained
from thin plates quenched from 900° C. by comparison with
the scattering from paraffin or lucite. It is considered that
the diffuse scattering arises from two factors, (a) the average
local atomic arrangement in the alloy and (b) the size
difference between the Ni and Au atoms. A math, treatment
of the Fourier transform has led to an improved method for
calculating the short-range order and the size-effect para-

2—Properties of Alloys

758

meters and has shown that tho short-range order is of tho
Cu-Au type. Evaluation of the atomic dia. of the Au and
Ni atoms in solid soln. with 60, 70, and 80 at.-% Ni indicates
that each atom has a size approx. midway between tho
average size calculated from the lattice parameters of the
alloy and puro metal, resp. Measurements of the variation
of tho Hall cooff. with compn. and temp, of Ni-Au alloys
show that tho calculated effective number of conduction
electrons as a function of compn. agrees approx. with values
calculated from magnetic data. Measurements of tho diffuse
X-ray scattering from Al-Zn solid soln. at 400° C. indicate
a preference for like nearest neighbours for the short-range
order—B. W. M.

+Solid Solutions and Grain Boundaries : Progress Report on
Thermodynamic Properties of Solid Nickel-Gold Alloys. L. L.
Soiglo, Morris Cohon, and B. L. Averbach (U.S. Atomic
Energy Commission Publ., 1952, (NYO-3807), 22 pp.).—Tho
freo energies, enthalpies, and entropies of mixing of solid
Ni-Au alloys contg. 5-95 at.-% Ni wero determined by moans
of elect.-potential measurements in tho rango 700°-900° C.
Tho thormodynamic activities indicatod a largo positive
deviation from Raoult’s law, and this is in conformity with
the solid miscibility gap in tho equilibrium diagram. The
positive enthalpies of mixing aro attributed to the lattico
distortion resulting from the difference in size between the
Ni and Au atoms, and this factor, rather than tho relative
bond energies between like and unliko pairs of atoms, leads
to the formation of the two solid soln. at lower temp. Tho
entropies of mixing for tho Ni-Au solid soln. are almost twice
those of ideal soln., and are probably due to an increase in
heat capacity. Good agreement was found between the
experimental activities and those computed from tho phase
diagram, but this may not be significant, since tho calculations
wero based on ideal entropies of mixing which results in a
compensating error in the calculated enthalpies. It 3
suggested that tho effect of Au on the magnetic susceptibility
of Ni indicates that tho 6s electron in Au attains a lower
energy state in the alloys by entering tho unfilled 3d band of
Ni.—25 ref.—B. W. M.

+Magnetostrictive Vibration of Prolate Spheroids: Nickel-
Iron and Nickel-Copper Alloys. J. S. Kouvelites and L. W.
McKeehan (Phys. Rev., 1952, [ii], 86, (6), 898-904).—Tho
magnetic characteristics of commercial-purity Ni-Fo and
Ni-Cu alloys liavo been investigated, using tho experimental
and analytical methods described by Bock, K., and McK.
(ibid., 1951, [ii], 84, 957; M.A., 20, 91). Tho effect was
studied of annealing and slow cooling in a magnetic field on
tho properties of Ni-Fo alloys. Tho relative chango of
Young’s modulus variod with the rclativo magnetization in
tho same manner for all tho Ni-Fe alloys tested. In the cold-
drawn condition, tho relative chango in the Young’s modulus
of the 68% Ni alloy (Permalloy) was different, though heat-
treatment at 700° C. made it behave similarly to tho other
spocimons.—P. C. L. P.

+The Magnetic Behaviour of Rhenium-Palladium Alloys.
Jules YVucher and Nicolas Perakis (Compt. rend., 1952, 235,
(6), 419-421).—Re-Pd alloys wero melted in a H.F. furnaco
under low-pressure A in puro A120 3 crucibles. The thormo-
magnetic properties studied were the coeff. of magnetization
of tho alloys at 15° C., their molecular coeff. of magnetization
at 15° C., the paramagnetic Curio point, and tho Curio
atomic const, compared with that of Pd between —180° and
+460° C. Micro-examination showed that the alloys contg.
17-1, 25, and 40 at.-% Re are two-phase, while those contg,
up to 9-5 at.-% are one-phase. The coeff. of magnetization
diminishes very rapidly as the Re increases from 0 to 17 at.-%.
and thereafter is virtually const., so that this compn. can bo
considered tho limit of solid solubility. Re appears to dissolve
in Pd by giving up its peripheral electrons and the 0-65 holes
atom of Pd being closed up, a new phase of practically const,
paramagnetism is formed with the solid soln. saturated with
Re.—J. H. W.

A Sterling Silver Containing Aluminium. G. E. Gardam
(Metallurgia, 1953, 47, (279), 29-33).—*“ Firestain ”, which
occurs in the normal Cu-contg. standard Ag, is eliminated by
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including in the alloy a small amount (1-1-3%) of Al. This
addn. also inhibits grain growth and confers on tho alloy
enhanced pptn.-hardening properties.—1\ M. L.

‘The Solubility of Oxygen in, and the Oxides of, Tantalum.
(Wasilowski). See col. 742.

‘ Mechanical Properties of High-Purity Titanium-Aluminium
Alloys. H. R. Ogden, D. J. Maykuth, W. L. Finlay, and
R. 1. Jaffee (J. Metals, 1953, 5, (2), 267-272).—Small melts of
the binary alloys were prepared from iodide Ti and 99-99% Al
by arc melting in a water-coolod Cu hearth under an A atmo-
sphere, the resulting buttons being fabricated without further
treatment. Their working and mech. properties -were then
investigated ; the results show that increasing addn. of Al :
(1) increase the rocrystn. and softening temp, of Ti, and
restrict the amount of hot and cold working that can bo
employed, until at >7-5% Al tho alloys are no longer
amonable to fabrication; y-phaso alloys contg. 37-43% Al,
howevor, aro soft but of only limitod -workability; (2) up to
3% slowly improve the mech. properties of tho alloys; there-
after, and particularly in tho rang© 4-5% Al, the valuos
increaso rapidly; material contg. <7-5% Al is vory ductile,
but is not susceptible to heat-treatment by (3 quenching or
subsequent ageing ; (3) increase tho elastic modulus of Ti by
~200,000 Ib./in.2 for ovory addn. of 1% Al, up to a max. of
5% ; tho values decroaso linearly with increasing tomp. by
~1 X 1081b./in.2/100° C .; the y-phase alloys have a modulus of
~21 X 108lb./in.2; (4) lowerthe d of the alloys by ~0-02 g./c.c.
for each 1% Al added, tho valuos boing 4-5, 4-35, and
3-80 g./c.c. for material contg. 0, 7-5, and 37% Al; (5) cause
the D.P.N. values to increase rapidly up to the limit (26%) of
solubility of Al in a-Ti, after which tho values decrease in the
(a + y) phase field, become const, in tho y rogion, and there-
after riso sharply again as increasing amounts of TiAI3 are
present, and (6) abovo 4% improve the oxidation-resistance of
alloys within the a solid-soln. region; an alloy contg. 8% Al
suffers ~40% less oxidation than does pure Ti after a 24-hr.
exposuro at 850’ C. to still air; y-phaso alloys likewiso are
markedly superior to unalloyed Ti. Single-phase a alloys
(a) are strain-hardening to a considerable extent, but at a
lower rate than unalloyed Ti, and (b) can be welded in a He
atmosphere, using a D.C. W olectrodo arc, without any loss
of bend ductility in tho heat-affected zone. All eompn. are in
wt.-%. 4 ref—E. N.

‘Titanium-Carbon Phase Diagram. Irving Cadoffand John
P. Nielson (J. Metals, 1953,5, (2), 248-252).—A motallographic,
X-ray-diffraction, and thermal study has been made of the
system from 0 to 24% C, using alloys prepared from iodide Ti
(< 99-95%) and speotroscopic-grade C by are melting with a
W electrode in a wator-cooled Cu crucible under an atmosphere
of A. From the results, which are described in detail, partial
phase diagrams have been produced. Increasing addn. of C
raise tho a — jltransformation temp, of Ti from 882° to a max.
of 920° + 3° C. at 0-48 £ 0-02% C, this point corresponding
to that of the peritectoid reaction 3+ 8 a. The solubility
of C in P-Ti increases from 0-15% at 920° to a max. of 0-8%
at 1750° + 20° C., this point corresponding to that of tho
peritectic reaction, liquid + 8-> [3 The solubility of C in
lig. Ti is just under 0-2% at tho peritectic temp., above which
the liquidus and solidus lines riso continuously with increasing
C content to the TiC m.p., ~3140° C. Cexpands the lattice—
particularly the a parameter—of Ti to a greater extent than
does O or N. There isno evidence of any intermediate phase
other than TiC in any of the temp, ranges above 600° C.
Photomicrographs show the typical structures encountered.
All eompn. are in wt.-%. 13 ref.—E. N.

‘Titanium-Manganese System. D. J. Maykuth, H. R.
Ogden, and R. I. Jaffee (J. Metals, 1953, 5, (2), 225-230).—
The system has been investigated from 0 to 69-5% Mn, using
alloys prepared from high-purity metals—iodide Ti crystal bar
and degassed (from H) electrolytic Mn. Tho experimental
methods wused for melting, fabrication, heat-treatment,
metallography, and the elect, resistance, X-ray diffraction,
and thermal detn. are described in detail. From the results
a partial phase diagram has been constructed, which shows :
(1) an intermetallic compound, 8, located at ~66-9% Mn,
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which melts incongrucntly at 1330° C.; it has an X-ray-
diflfraction pattern idontical with that previously reported for
TiMn2 (i.e., hexagonal Cl4 (MgZn2)-typo structure with a =
4-18 and c= 7-88 A., resp.); (2) that at 67% Mn small
quantities of a new higher-Mn phase appear—in the form of
Chinese script outectic particles, tho amount increasing as the
eompn. rises to 69-5% Sin ; (3) an intormetallic compound, vy,
with a eompn. near 53% Mn, which originates in a peritectic
reaction at 1200° C., between 8 and tho molt contg. 45% Mn;
although tho indicated eompn. corresponds roughly to TiMn,
the diffraction pattern does not fit tho b.c.c. CaCl-type lattice
ofthe TiX compounds of tho neighbouring transition elements,
and tho crystal structure has not been identified; (4) a
eutectic reaction at 42-5% Mn, 1175° C., between p-Ti contg.
33% Mnandy ; (5) that the solubility of Mn in P-Ti decreases
almost linearly from a max. of 33% at 1175° C. to ~20% at
550° C.; (6) a sluggish outectoid roaction, p->a + vy, at
550° C. and ~20% Mn; (7) a lowering of the p transus temp,
with increasing addn. to 550° C. at tho outectoid eompn.; and
(8) that tho solubility of Mn in a-Ti roaches a max. of —0-5%
at the eutectoid temp. Photomicrographs show the typical

structures encountered ; all eompn. aro in wt.-%. 10 ref.
—E. N.
‘Titanium-Nickel Phase Diagram. Harold Margolin,

Elmars Ence, and John P. Nielsen (J. Metals, 1953, 5, (2),
243-247).—The Ti-Ni phase diagram has been studiod up
to 68% Ni, using iodido Ti-baso alloys, by metallograpliic,
X-ray, and m.p. methods, and from 68 to 90% Ni by
examination of the as-cast structure of sponge Ti (99-75%)-
baso alloys. The oxperimontal procedures employed are
fully described. From the results, which are compared with
those of other workers, complete and partial phase diagrams
(above 500° C.) have been propared, tho main features of
which aro: (1) a eutectoid reaction at 770° —5° C., when
P contg. 6-7% Ni decomposes into a contg. <0-2% Ni and
TiNi (~38% Ni), (2) a outectic at 28-29% Ni and 955° + 5°
C., with tho liquid solidifying into p (13% Ni) and Ti2Ni;
(3) a poritectic reaction at ~1015° C.: liquid (~37-5% Ni) +
TiNi (~53% Ni) = Ti2Ni; (4) a second eutectic at ~65% Ni
and ~1110° C., with the liquid solidifying into TiNi (~59%
Ni) and TiNi3 (~78-6% Ni); (5) a third eutectic at 1287° C.
and 84% Ni, when tho liquid forms TiNi3+ y. Tho trans-
formation of P-Ti is discussed; it may occur by a nucleation-
and-growth process or by a martensitic reaction; it is
stimulated by tho presence of a and TiNi, and is suppressed
by water-quenching when the phase contains + 8% Ni.
Photomicrographs show the typical structures encountered;
all eompn. are in wt.-%. 14 ref.—E. N.

‘Titanium-Tungsten and Titanium-Tantalum Systems.
D. J. Maykuth, H. R. Ogden, and R. I. Jaffee (J. Metals,
1953, 5, (2), 231-237).—The entire alloy range in both
systems has boon studied, with special ref. to high-purity
alloys at tho Ti ends, in tho prepn. of which iodido Ti
crystal bar was used together with W and Ta of 99-9+%
purity. From the results, which are discussed in detail,
partial and complete phase diagrams (abovo 400’ C.) have
been prepared which show tho following features. Ti-W :
(1) A high-temp. peritectic at ~1SS0° C. and a eompn.
slightly above 50% W, between liquid contg. ~25% W and
terminal W solid soln. contg. ~8% Ti, which produces a
wide two-phase region of p + W in the intermediate portion
of the diagram; (2) a max. solubility of ~8% Ti in W at
1880° C., decreasing to <5% at ~700°C.; (3) a max.
solubility of ~50% W in p-Ti at the peritectic temp, decreasing
to ~28% at ~715° C., whore the j3-phase field terminates in
a eutectic reaction, p-+a+ W ; (4) addn. of W to Ti depress-
ing the 3 transus from 882° to 715° C. at the eutectoid
eompn.; and (5) ~0-8% IV soluble in a-Ti at 715° C.—an
amount which has practically no effect on lattice paramoters,
thus making X-ray observations useless in determining a
solubilities. Ti-Ta: (1) Tho formation of a continuous
series of solid soln., the solidus curve rising smoothly from
the m.p. of Ti to that of Ta, and a relatively narrow solid-
liquid range; (2) an a field which, although closed, has an
appreciable range, the solubility of Ta in a-Ti increasing with
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decreasing temp, to a max. of —12-5% at 550° C.—the increas-
ing Ta contents expanding the c axis and having no significant
effect on the a parameter of tho Ti lattico; and (3) increasing
addn. of Ta to Ti progressively lowering tho S transus to
—600° C. at 70% Ta. Photomicrographs show the typical
structures encountered. Tho experimental methods used
for alloy propn., fabrication, and heat-trcatmcnt, and for the
metallographic, elect.-resistance, X-ray, and thermal detn.
are described in an Appendix. All compn. are in wt.-%.
7 ref.—E. N.

Thermal Conductivity, Electrical Resistivity, and Thermo-
electric Power oi Titanium Alloy RC-130-B. W. W. Tyler
and A. C. Wilson (U.S. Atomic Energy Commission Publ.,
1952, (KAPL-803), 41 pp.).—Various phys. measurements
wore mado on Type-316 stainless steel and a Ti alloy RC-
130-B contg. C 0-14, Al 3-99, and Mn 4-7%, in the temp,
range 20°-300° K. The thermal conductivity of the Ti alloy
was approx. half that of the steel, and varied from 0-004
cal./cm./sec./°K. at 20°K. to 002 at 300° K .; the elect,
resistivity is ~150 pft and relatively independent of temp.
The Wiodemann-Franz ratio is —5 times the theoretical
value at 20° K. and decreases to about twice the theoretical
value at 300° K. The abs. thermoelect, power is negative
throughout tho temp, range studied and is —5 uV./°K. at
300° 1IC—B. W. M.

*Vanadium-Oxygen Solid Solutions. A. U. Seybolt and
H. T. Sumsion (J. Metals, 1953, 5, (2), 292-299).—A study
has been made of V-rich V-0 solid soln., employing the
methods of X-ray and neutron diffraction, elect, resistance,
thermo-elect, effect, thermal anafysis, and microscopy.
The Ca-reduced V used contained Ee 0 007, Si 0 02, Ca 0-06,
C 0-224, O 0-004, X 0-0017, H 0-003, and V -99-6 wt.-%;
tho various alloys wero preparod by vertically suspending
V strips in an absorption apparatus at 900°-1000° C., and
adding the O gas a few c.c. at a time. Tho hardness of tho
alloys was found to increase with increasing O content,
rising to —1000 D.P.N. at 17% O; slowly cooled material
was only a few points lower in hardness than quenched
material; alloys contg. >0-15% O were relatively unworkable
and partially brittle at room temp. From the results, and
those of other workers abovo 20% 0, a V-0 phase diagram
lias been prepared which shows that: (1) a polymorphic
transformation exists in V at 1550° + 10°C.; (2) a solid
soln. exists up to 3-2% 0; it has a b.c.c. structure, in which
linear lattice expansion takes place up to a max. of 0-66% O,
(3) psolidsoln. exists between 14-7 and 22% 0, being separated
from a by a two-phase (a + {3 region; it has an ordered
b.c. tetragonal structure whose c/aratio increases with increas-
ing O content; it forms by a peritcctoid reaction, a -+~ VO ->
p, at 1270° C.; (4) the homogeneity range of VO is 47-4-
56-5% 0; a two-phase (3+ VO) region separates it from [3;
(5) VO apparently melts incongruontly at —1900° C., and
probably takes part in a peritectic roaction, an assumption
which fits in with tho deduced existence of tho high temp, y
solid-soln. phase; and (6) a suggested eutcctoid horizontal
extends from —6% 0 to VO, at an arbitrary temp, of
1450° C.; tho outectoid point is in the region of 40% O.
Photomicrographs show tho typical structures encountered;
except where stated otherwise, all compn. aro in at.-%.
14 ref—E. N.

*High-Temperature
Zirconium Compounds.
See col. 744.

*System Zirconium-Chromium. R. F. Domagala, D. J.
McPhorson, and M. Hansen (J. Metals, 1953, 5, (2), 279-
283).—Thermal-analysis, motallographio, and incipient-
melting techniques have been omployod to rosolvo, accurately,
phaso relationships in the 0-50 at.-% Cr region, while the
remainder of the diagram is outlined on a basis of cast struc-
tures and thermal analyses. An arc furnace with non-
consumable electrode was used to prepare tho alloys from
“ low-Hf” iodide Zr (99-8%) crystal bar, and Johnson-
Matthey or National Research Cr of 99-9 and 99-5% purity,
resp.; the experimental procedures employed aro described
in detail. Partial and complete equilibrium diagrams, at

Experiments with Zirconium and
(Kroll, Carmody, and Schlechten).
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temp, above 500° C. aro presented, which show: (1) that
tho solubility of Cr in j3-Zr decreases from a max. of 4-5% at
the outectic tomp. to —1% at the temp, of tho cutoctoid
reaction; (2) <0-28% Cr soluble in a-Zr at all temp.; (3)
a eutectic botweon (3-Zr and ZrCr, at 18% Cr and 12S0° + 10°
C.; (4) a singlo intermediate phase, ZrCr2 at 53% Cr, which
melts at an open max. at 1700° + 25° C.; it has a h.c.p.
structure with, in an alloy contg. 53-1% Cr, an observed
c/a ratio of 1-65, and calculated parameters of a — 5-079
and c = 8-262 A., and c/a = 1-627; (5) a outectoid roaction
[3->a -f ZrCr2 at 835° + 10°C.,, and 1+ 0-25% Cr; (6) a
second eutectic botweon ZrCr,, and Cr-rich solid soln. at 70%
Cr and 1635° + 15°C.; and (7) <3% Zr solublo in Cr.
Tho results aro compared with thoso of other workers.
Photomicrographs show tho typical structures encountered.
Except where stated othorwise, all compn. are in vt.-%
8 rof —E. N.

*System  Zirconium-Copper. C. E. Lundin, D. J.
McPherson, and M. Hanson (J. Metals, 1953, 5, (2), 273-278).
—A study has been mado of the entiro range of this system,
using alloys prepared from “ Grade 3  iodide Zr crystal bar
(99-8%) and spectrographic-grade (99-99%) Cu, by melting
undor He in a water-cooled Cu block in a W-oloetrodo arc-
furnace. From tho results ofthe thermal analyses and metal-
lographic examinations, partial and complete phaso diagrams
at tomp. above 400° C. have been propared; they show that:
(1) the a->[3 transformation tomp. of Zr is decreased from
862° C. to —822° C. by increasing amounts of Cu; (2) up to
3-8% Cu is soluble in (3-Zr at tho eutectic temp, 0f995° C., and
<0-18% Cu is soluble in a-Zr at all temp.; (3) a outectoid
reaction occurs at 1-6% Cu and 822° = 10° C., (4) five inter-
metallic phases form, viz., (a) Zr2Cu (25-83%Cu) at—27% Cu
and 1000° + 10°C; it has a f.c. tetragonal structure with,
in an alloy contg. 26-9% Cu, a —4-536 and c= 3-716 A,
and c/a — 0-819, (6) ZrCu (41-06% Cu) at 935° + 10° C., (c)
Zr,Cu3(51-09% Cu) at 50% Cu and 895° + 10° C., (d) Zr2Cu5
(63-52% Cu), by a peritectic roaction between tho melt contg.
61% Cu and ZrCu3at 1070° = 10° C., and (c) ZrCu3 (67-63%
Cu), which exists at —71-5% Cu and molts with an open
max. at 1100° + 10° C.; (5) five eutectics occur, viz., between
(@) Zr and Zr2Cu at 21% Cu and 995° £ 10°C., (b) ZrX'u
and ZrCu at 37% Cu and 928° + 10° C,, (c) ZrCu and Zr2Cu3
at 47% Cu and 890° = 10° C., (d) Zr2Cu3 and Zr2Cu5at 53%
Cu and 8S5° + 10°C., and (e) ZrCu3 and Cu at 91% Cu and
965° + 10° C.; and (6) the solid solubility of Zrin Cu is < 1%.
Photomicrographs show the typical structures encountered.
All compn are in wt.-%. 8 rof.—E. N.

~Effects ol Small Additions of Oxygen on Lattice Constants
and Hardness of Zirconium. (Treeo). See col. 743.

*The Electrical Resistances of Alloys of a Noble Metal and a
Transition Metal. A. N. Gerritsen and J. O. Linde (Physica,
1952, 18, (11), 877-890).—[In English]. The elect, re-
sistances of a series of wires of Au and Cu, contg. small
amounts of Jin and Cr, have been measured at low temp.
(2°-100°K.). In tho region 2°-20° K., tho curves show
anomalies, the resistance passing through a min. then a max.
as tho temp, is lowered. The results are analysed in terras of
the change in resistance/at.-% solute, and possible causes of
the resistance min. aro discussed. 23 ref.—E. O. H.

Problems of Metallic Fatigue at High Temperature.
Thomas J. Dolan (Metal Progress, 1952, 61, (4) 97-104).—
D. states that although up to 1939 alloys in the high-temp.
field were principally of the Ni-Cr family a wide variety of
complex alloys have recently boen studied, based on Co, Cr,
Fe, Ni, Jlo, W, V, Nb, Al, Si, and Ta to increase thoir high-
temp. strength. It is stated that the use of cast alloys in
preference to forged alloys is due to their superior properties
in both creep and stross-to-rupture tests of long duration.
However, the position is reversed in short-time high-temp.
tests. The analyses and fatigue results for a large number of
alloys including Hastolloy B, Inconel X, Refractalloy 26,
and Stellite 23 aro tabulated, the fatigue results quoted for
these alloys are 66,000, 65,000, 52,000. and 44,000 Ib/in.2 resp.

—R. P. H. F.
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*0n the Wear and the Frictional Properties of Duplex
Bearing Alloys. Ifiyoshi Matsubara (J. Mech. Lab., Tokyo,
1952, 6, (6), 221-228).—[In Japanese, with figures and graphs
in English]. Tlio wear of duplex bearing alloys (Sn-base,
Pb-base white-metal, and gun-metal) which slide on a standard
steel under dry conditions under vory light loads, has beon
studied. Wear tests of white metal have already beon
studied by Zimmerman (Metals and Alloys, 1931, 2, 95) and
Herschman and Basil (Proc. Amer. Soc. Test. Mat., 1932, 32,
(I1), 536; see Met. Abs. (J. Inst. Metals), 1932, 50, 429), but
these authors did not explain the mechanism, presumably
becauso thoy used a heavy-load method, i.e. Amsler-type
wear-testing machine. M. used a now wear-testing machine
which allows 2 cylindrical test-pieces axially opposite to each
other to slide successively over the same track under a load
0f50-2000 g./cm.2.  Tho results are compared with the rule of
metallic junctions by Bowden and Tabor (* The Friction and
Lubrication of Solids,” 1950 : Oxford), and the following
conclusions are obtained: (1) the cooff. of wear is ~10 on
Sn-base, ~2-6 on Pb-baso, and ~3-2 on gun-metal; (2) the
mechanism ofwearand friction can be explained experimentally
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by tho effect of velocity and load; and (3) the experimental
results confirm the rule of metallic junctions in the main, but
some differences do occur between tho rule and Mi’s results.
13 ref.—Author.

+Final Report on Metallurgical Investigation of Materials
Subjected to Liquid Lead-Bismuth Alloy Environment.
(Grassi, Bainbridgo, and Harman). See col. 744.

#A Search for New Supraconducting Compounds. B. T.
Matthias and J. K. Hulm (Phys. Rev., 1952, [ii], 87, (5),
799-806).—Tho possibility of supraconductivity in ~90
compounds at temp, down to 1-28° IC. has been tested for
magnetically, and soveral new supraconducting compounds
found, including SrBi3 and BaBi3. No compound exhibiting
semi-conductor characteristics becamo supraconducting nor
did any compound contg. >50 at.-% B. The results support
the possibility that metallic bonding of a special character is
essential for supraconductivity. The behaviour of the Bi-
contg. and of the interstitial compounds with tho transition
metals, suggests that a cubic or tetragonal lattice is more
favourable to supraconductivity than a hexagonal structure.
—P.C. L. P.

3— STRUCTURE

(Metallography; Macrography; Crystal Structure.)
[For all abstracts on the constitution of alloy systems, including X-ray studies, see 2—Properties of Alloys.]

+Slip and Grain-Boundary Sliding [in Aluminium and Mag-
nesium] as Affected by Grain-Size. Nicholas J. Grant,
Italo S. Servi, and Arup Chaudhuri (J. Metals, 1953, 5, (2),
217-218).—2S Al was recrystallized to yield a mixed grain-
sizc, and specimens were tested in creep at 900° F. (485°C.)
at 880 Ib./in.2 to total elongations of 3-5 and 9%. Similarly,
a high-purity Mg specimen w-as tested at 500° F. (260° C.)
and 670 Ib./in.2. Photomicrographs were takon which show
slip in coarso grains and grain-boundary sliding in fine-
grained zones; medium grains exhibit both phenomena.
The results support tho previously reported evidence (cf. S.
and G., Trans. Amer. Inst. Min. Met. Eng., 1951, 191, 917 ;
sec M.A., 19, 531) that grain boundaries have a blocking
effect on slip at high temp., and at a given grain-sizo for a
given stress, will undergo sliding as a primary mechanism of
deformation.—E. N.

+Grain-Boundary Sliding and Migration, and Intercrystalline
Failure [of Aluminium] under Creep Conditions. Hsing C.
Chang and Nicholas J. Grant (./. Metals, 1953, 5, (2), 305-312).
—Cf. Trans. Amer. Inst. Min. Mel. Eng., 1952, 194, 619; see
MIA., 19, 65. Specimens of high-purity Al were deformed by
croep at tomp. of 400°, 700°, 900°, and 1100° F. (205°, 370°,
485°, and 595° C.) at initial stresses of 50-1200 Ib./in.2, and
tho processes of boundary sliding and migration were studied
microscopically. The direction ofboundary sliding is governed,
primarily, by the direction of the shearing stress acting on the
boundary surface. Tho driving force which controls the
direction of boundary migration is a combination of strain
energy and surfaco energy, the latter being the more important
at high tomp. The zigzag naturo of tho movement of tho
grain-boundary triple-point appears to be a necessary con-
sequence ofthe highly co-operative processes ofgrain-boundary
sliding and migration, because the direction of migration
depends mainly on the direction in which the grain boundary
slides as the initial step. Grain-boundary sliding and migra-
tion are observed also in 2S Al at 900° and 1100° F., but, as a
result of the alloy and excess phase content, tho amount of
migration is much smaller and has a more irregular course than
in tho high-purity metal. 3S alloy (Al-1}% Mn) at 1100° F.
exhibits normal boundary sliding (leading to intorcryst.
fracture) without any clear evidenco of migration. The results
are discussed at longth, and a theory is presented regarding
the role the grain boundary plays under creep conditions,
which not only affords an explanation for the intcrcryst.
failure of commercial alloys but also leads to the conclusion
that an optimum grain-size should exist for good high-temp.
properties of high-purity materials. 7 ref.—E. N.

+On an Etching Reagent to Reveal the Heterogeneities of
Composition in Aluminium Alloys. (Mmo) Charlotte Buckle,
(Mile) Christiane Changarnier, and Jean Calvet (Compt. rend.,
1952, 235, (18), 1040-1041).—An aqg. soln. of 4% KMn04+
2% Na2C03 gives better results in revealing tho compn.
gradients of heterogeneous solid soln. of Al alloys than the
commonly used Na2C03 soln., acid mixtures, and anodic
oxidation. This reagent, already usod in rapid attack on
steels, scarcely attacks Al alloys, and in general does not
corrode the surfaces or grain boundaries. Its action is due
to tho formation of a thin film of an oxidation product, whose
thickness, and hence interference colour, varies to a sensible
degree with tho compn. of the solid soln. Electropolishing
gives the best results, but simplo rubbing on emory paper is
often sufficient. Certain constituents (e.g. AlsFo, AI3Ni, Si)
are coloured by tho reagent; others (e.g. AlI3Mg2 AIX'u.
SiMg,, AleMn, Al2Ca, AI3Ti) are unaltered. Prolongod attack
by the reagent reveals tho crystal structure by grain colora-
tion in cortain alloys, particularly' tho Al-Cu alloy's.
—J. H. W.
+Electrolytic Polishing of Al-Si-Fe Alloys for Microscopical
Examination. G. Meynet and R. Assibat (Rev. Aluminium,
1952, (188), 180-182).—By' using a polishing cyclo of a few
sec. on a Disa-Eloctropol machine, a good polish can be
obtained on the 10% and 20% Si alloys without causing the
Si particles to appear in relief. The spocimen is rubbed
down to 000 emery' and polished with A1203, washed for
1 min. in conc. chromic acid, and dried. It is then placed in
an electrolyte consisting of 20% perchloric acid, 70% ethyl
alcohol, and 10% butyl cellosolve; the current used is
3-3-5 amp./cm.2 at 100 V., and bath temp, is 18°-20° C.
The ratio of specimen area: cathode area should bo < 1/100.
—A. W. B.
+X-Ray Line Broadening from Filed Aluminium and
Tungsten. G. K. Williamson and W. H. Hall (Acta Met.,
1953, 1, (1), 22-31).—[In English]. Methods of separating
particle-sizo and strain effects in line broadening are discussed
with ref. to previous work (Proc. Phys. Soc., 1951, [B], 64,
937, 946 ; M.A., 19, 654). New results aro reported for line
breadths in annealed and cold-worked Al and W, the measure-
ments being made on powder specimens using a Geiger-
counter spoctrometer. For the annoalod metals there was
an increase in line breadth at high angles, and this is attributed
to phys. rather than instrumental broadening. The phys.
broadening was analysed by the Hall method (ibid., 1949,
[A], 62, 741; 31.Aa ., i7, 822), and both size effects and strain
effects were observed, the latter predominating. The
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broadening from filed commercial Al was larger than that
from high-purity Al, and the difference is probably duo to
changes in tho rate of recovery, taking place spontaneously
at the high local temp, caused by the filing. This interpreta-
tion was confirmed by examining high-purity material filed
at lig.-air temp., when tho broadening increased. Similar
results woro obtained for W. Cold-worked W showed largo
particle size and strain broadening, which mostly disappeared
after recovery at 1100° C., but was still a little higher than
for recrystalhnzed W. Tho results are regardod as confirma-
tion for the dislocation theory, and indicate tho presence both
of randomly distributed dislocations, and of dislocation walls
after recovery. Fourier analysis of tho lino shapes of W
confirmed tho results obtained from the line breadths, and
also gave more definitive evidence of the formation of polygon
walls, the strain after recovery being confined to regions of
the order of 30 atoms wide. 42 ref.—J. \V. C.

*An Electron-Microscope Study of the Development of
Fatigue Failures [in Aluminium, Brass, and lron]. W. J.
Craig (Amer. Soc. Test. Mat. Preprint, 1952, (167), 13 pp.).—A
pictorial comparison is made of deformation marks on the
surfaco of a-brass, ingot Fe, and Al (99-97%) undor both
static and repeated loading. Under static loading the
deformation is shown to be a genoral process taking place in
all crystals, whereas under conditions of repeated loading the
deformation is extremely localized and takes place in a few
crystals or portions of crystals only. Tho appearance of the
individual deformation marks produced by static as compared
to repeated loading differed with tho metal: (a) in a-brass no
differenceswereobserved; (b)in Fe there wereslightdifferences;
(c) in Al there were marked differences. 9 ref.—P. T. G.

*The Growth of Crystals of the Hexagonal Metals [Cadmium,
Magnesium, and Zinc] from Their Vapours. A. J. Forty
(Phil. Mag., 1952, [vii], 43, (344), 949-957).—Opt.-micro-
scopic examination of the (0001) surfaces has revealed spiral
growth hills on Cd and Mg crystals grown from the vapour
phase, indicating the screw-dislocation mechanism of growth.
The growth steps, which are probably monomolocular in
many examples, appear more obvious on exposure to air and
Plastieene. The Zn crystals showed no spiral growth patterns,
though closed loops woro found surrounding impurity nuclei
which are probably of ZnO. Tho possibility of obtaining
further evidence by plastic-deformation experiments is
discussed.—P. C. L. P.

*Frequency of Annealing Twins in Copper Crystals Grown
by Recrystallization. W. G. Burgers, J. C. Meijs, and T. J.
Tiedema (Ada Met., 1953, 1, (1), 75-78).—[In English].
Strips of cold-rolled Cu sheet were annealed at 850° C. to
obtain a sharp cubic texture, and then converted into singlo
crystals by recrystn. at 930° C. Tho crystals were usually
twinned on the {111} piano most nearly- || a {111} plane of the
cubic texture. Crystals with an orientation derivable from
the original texture byra rotation of 30° about a <111) axis
showed many twins, but crystals derivablo from tho texture
by a rotation of 15° or less showed very few twins. When
a crystal was grown in a bont strip, there was usually- a
marked difference in twinning frequency before and aftor
the bend. Tho results are explained on the assumption
that twin crystals are formed when the growing crystal
encounters regions of the matrix nearer to one of its possible
twin orientations than to its own orientation. This would
bo expected if twins are formed either by “ stimulation ” or
by- growth faults. 16 ref.—J. W. C.

*The Study of Diffusionless Phase Changes in Solid Metals
and Alloys [Gold-Cadmium Alloy]. T. A. Read, M. W.
Burkart, J. Intrater, M. Weohsler, and D. S. Lieberman
(U.S. Atomic Energy Commission Publ., 1953, (NYO-936),
5 pp.).—A single crystal of 50: 50 Au-Cd alloy was quenched
from 450° C. and the variation of rocking curve width of the
100 and 200 reflections was determined with a double-crystal
spectrometer as a function of time after quench. The widths
for the two reflections increased similarly, but tho % sproad
in sin 0 did not, suggesting that the line broadening is due to
a spread in the orientation of mosaic blocks rather than in the
value of tho lattice const—B. W. M.

3—Structure
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*[Structure of] Martensite. F. C. Frank (.4cto Met., 1953,
1, (1), 15-21).—[In English], Tho structure of martensite
is expressed in terms of a f.c. tetragonal cell (F), instoad of
the more usual b.e.c. cell (1). For all observed lattice
orientations, the close-packed planes of the two lattices aro
|, and this suggests they meet edge to odgo in the surface of
contact. There must actually be a small bend of —1° at this
surface because of the different interplanar spacings. For
the Kurdjumow-Saehs orientation, it is further assumed
that close-packed rows in the contact surfaco are common to
both lattices. Tho known lattice parameters then enablo
the habit plane to be calculated: using tho standard variant
(Hnyy(ictitya, = (101),, [ol]y|[011]a, = [111],,, the habit
plane is (522)y in agreement with experiment. Tho positions
of the atoms along tho [Oil] rows are obtained by a hetero-
geneous shoar in units of 6 planes in opposite [Oil] and [Oil]
directions. Tho surface of contact contains a grid of screw
dislocations || [Oil] rows, tho motion of which generates tho
heterogeneous shear. The results are compared with Bowles’
analysis, the minor differences being connected with the bend
in tho (111) planes. The heterogenous shear can occur
simultaneously with tho “ first ” deformation. 8 ref.

—J. W. C.

*A Study of Segregation in Metals [Lead]. W. R. Thomas
and W. C. Winegard (Canad. Metals, 1952, 15, (11), 26).—
Segregation has been detected in a single crystal of Pb, and
some experimental work with bi- and polycryst. specimens is
briefly described.—W. A. M. P.

*Cold-Rolling and Annealing Textures of Molybdenum
Single Crystals. N. K. Chen and R. Maddin (J. Metals, 1953,
5, (2), 300-304).—Single crystals of Mo (0-1 in. dia., and 1 in.
long) were grown by a method previously described (cf. C.,
M., and Pond, Trans. Amer. Inst. Min, Met. Eng., 1951, 191,
461; see M.A., 19, 217). They were then cold rolled (with
respect to sp. crystallographic planes and directions), without
intermediate anneals, by —0 001 in./IO passes, to a final
reduction in thickness of 87-98% (requiring —800 passes),
after which tho orientations were determined by the con-
ventional Lauo transmission method. Tho specimens wore
then annoaled in A for 14 min. at 1350° C. and their
orientations again determined. Polling Textures.—These
aro (001)[110] + (II1)[112], and (001)[110], according to
whether tho initial orientations of the crystals are remote
from or close to a cube position, resp. Compression rolling
produces a fibre texture which is mainly [001] 1 the axis of
compression.  Recrystn.  Textures.—Specimens having a
(001)[110] + (lHI)[112] deformation texture retain this
texture aftor recrystn.; (001)[110] deformation textures,
however, undergo a rotation of —20° about tho pole of the
rolling plane. The results are discussed; they are shown to
bo quite different from what has been previously reported as
the rolling textures of b.c.c. metals; a possible explanation
for this must be sought from the initial orientations chosen
as the rolling plane and tho rolling direction. 10 ref.

—E. N.
+Effects of Dislocations on Mobilities in Semi-Conductors
[Silicon and Germanium]. D. L. Dexter and F. Seitz (Phys.
Rev., 1952, [ii], 86, (6), 964-965).—A theoretical treatment is
given of the scattering of electrons by randomly-arranged
edge-type dislocations in tho Si or Ge lattice. This con-
tribution is compared with those from the lattice and impurity
atoms, and consideration is given to the experimental con-
ditions necessary for elect, measurements to give useful

information about dislocations in semi-conductors.

—P. C. L. P.

*The Effect of Added Metallic Impurity and of Closed
Moulds on the Growth from the Melt of Single Crystals of Tin.
A. J. Goss (Proc. Phys. Soc., 1953, [B], 66, (2), 65-73).—The
results of growing Sn single crystals in open moulds are
described, where addn. of Cd, Zn, Pb, Ag, In, and Sb were
made to the melt. The amount of impurity was in every
case less than the solubility limit. In general, the chances
of successfully growing good single crystals are lowered when
these impurities aro present. The surface of the specimen
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is also affected. The use of closed vertical moulds did not
seem to influonce these results.—E. 0. H

#Microstructure and Mechanical Properties of lodide
Titanium. (Holden, Ogden, and Jaffeo). See col. 743.
Titanium Metallography: Simple, Safe. ------ (Iron Age,

1952, 170, (9), 112).—The method of polishing and etching
of Ti specimons is described.—S. R. W.

+Mechanism of Plastic Flow in Titanium: Determination
of Slip and Twinning Elements. E. D. Rosi, C. A. Dube, and
B. H. Aloxandor (J. Metals, 1953, 5, (2), 257-265).—Coarse-
grained (2—S mm. dia.) specimens of 99-77% Ti which have
boon doformod soveral % either by oxtonsion, bonding, or
compression in a vice, show well-marked slip bands and twins,
the former being rather fine and straight and having a some-
what rogular spacing of ~I1-5 X 102 mm. Back-reflection
Laue X-ray patterns show that: (1) thero are at least two
types of slip—a prismatic type, (1010), which predominates,
and a secondary, pyramidal typo, {10TI}, which occurs
rarely, and is difficult to dotoct; in both eases a digonal
axis of indices < 1120> is tho effective slip direction; basal
slip appears to be absent; and (2) tho twinning habit, like tho
slip process, is very different from that generally associated
with tho hexagonal metals, and takes place on pyramidal
planes of low indicos; throo twin types are found, viz. (i),
(101 2)—which are thick and lenticular, being similar in
habit to those of the same form observed in Cd, Mg, Zn, and
Bo, (ii) {1121}—appearing as thin lamellse similar to tho
Neumann bands characteristic of twinning in Ee, and (iii)
{1122}—which are infrequent, havo a shape intermediate
between the other two typos, and show a distinct preference
for appoaring in pairs. An attempt is made to correlate the
characteristic shapes of the three twin types with tho amount
of twinning shoar. The effoct of slip and twinning on the
ductility of Ti and other h.c.p. metals is discussed in relation
to the differences in their c/a ratios. 24 ref.—E. N.

#Plastic Deformation of Alpha-Uranium: Twinning and Slip.
R. W. Calm (Acta Met., 1953, 1, (1), 49-70).—[In English].
The crystallographie elements of twinning, slip, and kinking
in orthorhombic a-U wore determined. Coarse-grained U
was examined microscopically under polarized light, and
back-rcfloction Laue photographs were taken in a precision
camera of new design. Twins and slip lines were formed by
heating and cooling (because of anisotropic expansion), bjr
deformation, and by abrasion. Methods used for determining
the complex twinning modes aro described in detail. Tho
principal slip plane is (010), and tho slip direction [100];
{110} is a minor slip plane. Kink bands were observed X

[100]. Twins of both tho first and second kinds are formed
and are tabulated below. K1 is the composition plane, 7)I
Type K, K, Vi Vi s Kind
1 (130) (110) [310] [110]  0-299 Com-

pound
2 Irra-  (112)  [312] Irra-  0-228  Second
tional tional
approx.
172)
3 (112) Irra- Irra- [312] 0-228 First
tional  tional -
approx.
172)
4 (121) Irra- Irra- [311]. 0-329 First
tional  tional
the direction of shear, lii the second undistortod plane, and

J2 its intersection with the plane of shoar. Tho amount of
shear is s. Typos 2 and 3 aro reciprocal twins; type 3
occurs rarely and type 4 very rarely. The type-2 twins are
the only known examples oftwins ofthe second kind in metals.
Twinning is the principal modo of deformation at lowor temp.,
but is superseded entirely by slip above ~350°C. Tho
conditions under which kinking should bo preferred are
discussed. The probable atom movoments for the main
typos of twin are derived graphically. Tho plane of shear is
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always very close to a rational plane, though the significance
of this is unknown. The crystallography of twin intersections
is considered in two Appendices. 35 ref.—J. W. C.

¢A Note on Twinning in Alpha-Uranium. E. C. Frank
(Acta Met., 1953, 1, (1), 71-74).—[In English]. A discussion
of Calm’s results (ibid., p. 49; preceding abstract) is given
in terms of a comparison with the twinning modes of Zn.
The lower symmetry of U should introduce extra modes,
first because some of tho reciprocal twins of Zn become
different modes (twins of the second kind), and second
because each symmetry plane present in Zn but absent in U
becomes a possible twinning plane. Ofthe 5 types expected,
3 are found together with 1 other. The extra plane (121) is
regarded by C. as not definitely established. For reciprocal
pairs of twins, those of the second kind seem to bo preferred,
and the possible reasons for this are discussed, in terms of the
relative immobility of low index (rational) habit planes. 2 ref.

—J. W. C

*A Method for the Quantitative Determination of Preferred
Orientation [in Uranium]. J. Il. Bach and J. B. Burnham
(U.S. Atomic Energy Commission Publ., 1952, (AECD-3450),
10 pp.).—A rapid method is described for determining textures
in worked U rods. X-ray reflections from the surfaco crystals
wore picked up in an X-ray spectrometer, and it was found
that tho intensity of tho (111) reflection remained almost
const. This reflection was used as an internal standard for
estimating the intensities of other reflections, thereby
avoiding errors due to differences in the state of surface
oxidation from sample to sample and variations in tho slit
adjustment and beam intensity. The ratio of the measured
intensity from a given plane to the calculated intensity on the
basis of a random orientation, was taken as an indication of
preferred orientation. The method is less preciso than a polc-
figuro procedure, but gave satisfactory results for U in agree-
ment with those of Harris (Phil. Mag., 1952, 43, 113; M.A.,
20, 103). For U rolled at 600° C. with 90% reduction in area,
the orientation was duplex with both the (010) and (110) polos
|| tho rolling direction : for cast U, no preferred orientation
was found.—B. W. M.

+The Location of Oxygen Atoms in Vanadium-Oxygen Alloys
by Means of Neutron Diffraction. C. W. Tucker, A. U.
Seybolt, H. T. Sumsion, E. 0. Wollan, and W. C. Koehler
(U.S. Atomic Energy Commission Publ., 1952, (KAPL-829),
25 pp.). A comparison was made of X-ray and neutron-
diffraction techniques for locating O atoms in V-0 alloys.
For alloys of high 0 content, such as VO, either method is
satisfactory, but in tho region of low 0 content, neutron
diffraction has a marked advantage owing to the large
scattering factor for O with neutrons compared with that for
V. In an alloy contg. 21 at.-% 0, the 0 atoms were found to
occupy octahedral positions of a b.c. tetragonal lattice as
inferred by Klermn and Grimm (Z. anorg. Chetn., 1942-43, 257,
42), using X-ray diffraction. 9 ref.—B. W. M.

*Metallographic Identification of Non-Metallic Inclusions
in Zirconium. H. A. Sailer and R. F. Dickerson (U.S.
Atomic Energy Commission Publ., 1951, (BMI-74), 27 pp.).—
The identification of various inclusions on mech. polished
microsections of Zr is described. The two etching soln. used
were : (a) 10-15 ml. HNO03, 40 ml. HC1, and 3 drops HF, and
(6) 10 wt.-% ag. NH4F.HF. Carbides occur as globules in
stringers, appear isotropic under polarized light, and etch to
light-grey. Oxide is present both in the grains and grain
boundaries, and is difficult to identify in {3-quenched material.
No inclusion has been identified as nitride, but bands which
etch up in the matrix with NH4F.HF are believed to bo N-rich
areas. A spiny inclusion found in continuous stringers and
polishing in slight relief is considered to be a hydride. The
structures aro illustrated bv typical photomicrographs.

—B. W. M.

+Kinetics of Thermal Re-Orientations in Cold-Rolled Zircon-
ium. R. K. McGeary and B. Lustman (J. Metals, 1953, 5,
(2), 284-291).—Tho metal used was an arc-melted ingot—
showing only a single-phase structure—of high-purity Zr
crvstal bar contg. as impurities : C 0-04; Fe 005; Hf
0014; W 001; Ti, Ni, and AL 0003; Si and N 0-002;
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Crand Cu 0-001 wt.-%. This, after hot working and annealing
to produce an equiaxed grain structure (~0-1 mm. dia.), and
removal of the surface layers, was cold rolled to a 97%
reduction, from 0-135 to 0-001 in. thickness. Spocimcns wore
then isothermally annealed in vacuo, at temp, of 98°-600° C.,
and both cold-rolled and annealed materials wore studied by
X-ray diffraction, by metallography, and by hardness measure-
ments and from tho results, and consideration of those of
other workers, an analysis has been made of tho mechanism of

annealing. Cold rolling produces a high degree of preferred
oriontation in which prism polos, {1010}, are + the rolling
diroetion. Tho processes which occur during annealing are :

(1) polygonization—this may occur during tho first stages of
heating, or even during eold rolling ; it is not accompanied by
re-orientation, and cannot bo detected metallographically ;
(2) recrystn. in situ (metallographic evidence of polygonization)
—which occurs after annealing at relatively low temp., and
corresponds to a ro-orientation in which the ideal cold-rolling
texture is sharpened ; this process may occur by selective
growth of favourably oriented domains, ~2 p, dia. ; and (3)
complete re-orientation—which occurs after further heating,
and corresponds to 20° or 40° rotations about {0001} poles ;
it takes place in two steps, tho first at const, domain size, the
second accompanied by domain growth. Data are presented
which show that re-orientation is not governed by (a) tho
simple conventional mechanism of nucléation and growth, or

(6) the discontinuous growth of favourably oriented domains.

Activation energies for domain growth and for annealing
orientations have been calculated. 27 ref.—E. X.
+Allotropy in the Phase ZrCr.,. W. Rostoker (J. Metals,
1953, 5, (2), 304).—Differences in tho reports of various
workers on tho structure of tho phaso ZrCr2 are critically
examined, and it is shown that tho conflicting results
can be resolved by assuming a high- and a low-temp. modi-
fication for ZrCr,. X-ray-diffraction analysis of specimens
annealed at temp, between 700° and 1200° C. and sub-
sequently quonched show that such a transition—from the
low-temp. MgZn2-type structure (014, hexagonal lattice, 12
atoms/unit cell) to the high-temp. MgCu2-type structure
(015, cubic lattice, 24 atoms/unit coll)—takes place at some
temp, between 900° and 944° C. Lattice parameters of tho
two modifications havo been calculated. ZrCr,, therefore,
behaves in a reverse fashion to TiCr,, for in the latter the
MgCu2 structure is the low-temp. modification and the MgZn,
structure is the high-temp. modification. 3 ref.—E. X.

+The Use of Diamond Abrasives for a Universal System of
Metallographic Polishing. L. E. Samuels (J . Inst. Metals,
1952-53, 81, (10), 471-478).—An investigation has been carried
out to determine tho most efficient and economical methods
of using diamond abrasives for metallographic polishing. It
has been found that the abrasive is most efficiently used when
dispersed in a carrier paste, tho polishing rate then being
4-5 times that of dry appn., and that it can be used economi-
cally only in the finer grades (0-10 p. partiole-sizo range). The
polishing rates are then extremely high; oven with hand
polishing, the rates are frequently higher than that of electro-
lytic polishing. Tho results of the work are applied to the
development of a system of metallographic polishing, the
costs of abrasive for which are sufficiently low to permit its use
for general, and oven routine, polishing. To bridgo the gap
over which diamond abrasives cannot bo used economically, a
cast wax-abrasive lap has been developed, the characteristics
of which are such as utilize the full potential of the subsequent
diamond stages. Consideration has also been given to final
polishing treatments necessary to give truly scratch-free
surfaces. Tho system finally developed is very rapid and
produces a polish of very high quality, with a surface free from
objectionablo deformation.—Author.

*An Experimental Study of Electrolytic Polishing. |I.
Epelboin (J. Chim. Phys., 1952, 49, (2), C214-C218; dis-
cussion, C218).—During tho process of electrolytic polishing,
the apparent resistance, R, of the polishing bath, and tho
modulus of the impedance, R', of the bath, both expressed in
terms of the bath voltage, attain max. values for the same
value of the polishing voltage, U, despite the fact that R

cc
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and It' are very different. This fact is utilized in order to
determine optimum conditions for polishing. Likewise it
can bo used to dotormine tho optimum compn. of the polishing
electrolytic bath to bo used for polishing any specified spoci-
mon, since best polishing is obtained by tho use of that
clectrolyto which gives tho highest value oftho max. resistance.
It is found that tho desirablo compn. of tho polishing bath is
determined by the dogreo of hydration of tho dissolved ions,
in accordance with tho mechanism of tho polishing process
proposed by Darmois, viz. direct passago of metallic ions
into soln. by reason of tho contact p.d. created by anions
adsorbed at tho anode.—J. S. G. T.

+The Water Content of Solutions Used in Electrolytic
Polishing. I. Epelboin (J. Chim. Phys., 1952, 49, (7/8),
C137-C140; discussion, Cl40-C141).—E. has shown that,
using an electrolyte contg. C104_ and P 043~ ions, optimum
polishing conditions are obtained when the elect, resistance
of the electrolytic cell passes through a max. (Compt. rend.,
1948, 226, 324; M.A., 15, 574). Optimum conditions for
tho electrolytic polishing of Co, Pb, Fe, Xi, Sn, Cu, and othor
metals, using C104 or P04 anions are given and discussed,
together with the oloctrolytic polishing of Pt by CX or CI
ions. Tho creation of an anhydrous anionic layer would
appoar to bo necessary to offcct electrolytic polishing, but
this, alone, is not sufficient. A theory ofeloctrolytic polishing
should explain, in particular, the role played by tho anion,
and the restricted relation between the water content and
that of any other solvent used in the oloctrolytic bath.
17 ref—J. S. G. T.

+#A Combination of Electron Microscopy and Optical Phase-
Contrast Microscopy. Shigcto Yamaguchi (J . Appl. Physics,
1952, 23, (12), 1404-1405).—A lottor. Electron-microscopic
negatives taken of an oxide replica of a Permalloy crystal
surface were opt. enlarged with ordinary and dark-ground
phase-eontrast microscopes. The latter removed the images
of unwanted oxide grains, and improved tho contrast of
etch-pit markings. The phase-contrast acts as a filter,
eliminating tho contrast between shades of grey and con-
sequently bringing out tho contrast between these and bright
regions.—R. W. C.

+Effective Atomic Diameter and Various Kinds of Atomic
Distances in the Crystal Lattices of the Elements. Robert
Forrer (J. Chim. Phys., 1952, 49, (9), 504-512).—In previous
work, F. has defined an effective atomic dia. in terms of an
interaction distance (ibid., 1949, 46, 561; M.A., 18, 176).
Theso interactions are characteristic of metals, but occur
also in numerous metalloids, salts, and combinations. In the
ease of I, four kinds of atomic distances are clearly dis-
tinguished, viz. covalent distance, interaction distance, a
distance approx. that of tho effective atomic dia., and a
slightly greater distance attributable to feeble van der Waals
forces. It is now shown that continuity characterizes, to a
very great extent, tho appn. of tho notions of those four
distances to the periodic classification of the elements;
Si and Go exhibit discontinuities in this respect. It is
considered that, in general, an atom opposes a number of
quite distinct barriers to the approach of its neighbours.

—J. S. G. T.

+Theory of Catalysis of Nucleation by Surface Patches.
David Turnbull (Acta Met., 1953, 1, (1), 8-14).—[In English],
The theory of heterogeneous nucleation on catalytic surfaces,
which are of the order of size of the critical nuclei for
homogeneous nucleation, is discussed. This hypothesis is
able to explain tho apparent multiplicity of nucleation
frequencies observed in tho solidification of Hg droplets
catalysed by “ HgX ”, and of Sn droplets catalysed by oxide.
Quant, agreomcnt with previous experimental results is
obtained by plausiblo assumptions about the size distribution
of patches. For the Sn droplets, it is also necessary to
assume a steady nucleation rate, which may be that of
homogeneous nucleation. The theory explains the athermal
formation of crystal nuclei in solidification processes.
Although developed for surface patches, it is readily adapted
to nucleation on small catalysts distributed through tho vol.
of a phase. 12 ref.—J. W. C.
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+Centres oi Disturbance in [Catalytic] Surfaces. Georg-
Maria Schwab (Z. Elektrochem., 1952, 56, (4), 297-301;

discussion, 301-302).—[In German]. Paper presented at a
Symposium held by the Deutsche Bunsengesellschaft at
Berlin, Jan. 1952. Simple electrostatic ideas are used to
calculate the energy resident at disturbance centres in cation-
disturbed crystal lattices. From this it is possible to deduce
what kinds of disturbance centres are to be anticipated in
different regions of crystal surfaces of various kinds, and
possible consequences concerning the catalytic action of the
disturbed lattice are briefly discussed.—J. S. G. T.

#The Structure of Surfaces and Their Adsorption, Considered
as a Co-Operative Problem. N. Cabrera (Z. Elektrochem.,
1952, 56, (4), 294-296).—[In French]. Paper presented at a
Symposium held by the Deutsche Bunsengesellschaft at Berlin,
Jan. 1952. It is suggested that the adsorption of a mono-
layer on a crystal surface could produce a kind of surface
fusion at a transition temp., Tc, well below the m.p. of the
crystal, and it is shown that this surface fusion would produce
a pronounced mill, value of the heat of adsorption at Tc, and
possibly also a marked change in surface tension.

—J. S.G. T.
+tClrain Shapes and Other Metallurgical Applications of
Topology. Cyril Stanley Smith (Metal Interfaces (Amer.
Soc. Metals), 1952, 65-108; discussion, 108-113).—The rolo
of topology, and more especially space-filling requirements,
in determining tho internal structure of metals and alloys
is very interestingly developed. Starting with a relation
resembling, very closely, tho well-known Eulerian relation
between the number of polygons, edges, and comers required
to fill space of either 2 or 3 dimensions, S. draws attention
to math, relations between tho number of grains with n sidos,
the number of grain boundaries, and the number of grain
corners necossary to fill a space of two or three dimensions.
The high frequency of pentagons as grain faces is a diroct
result of topological considerations, but grains with only
pentagonal faces cannot fill space in extenso. The conflict
between space-filling requirements and those of local surface-
tension equilibrium is shown to be responsible for grain
growth, because of the inevitable introduction of curvatures.
Recrystn. can be rogardod as the migration of a high-energy
interface into a network of numerous low-energy interfaces,
following simple surface-tension rules geometrically similar
to those determining abnormal gram growth. Simple
relations botween tho intercepts of random lines and random
planes with an array of lines and spaces in three-dimensional
space allow one to deduce accurately the ratio of grain-
boundary area: vol., and the ratio of grain edge : grain faee-
area directly from the examination of two-dimensional
sections alone, without making any assumptions regarding
grain shape and size. Simple appn. of topology are suggested
for tho study, inter alia, of relations betwoen phaso fields in
ternary diagrams, and of cryst. interfaces. It is shown that
perfectly coherent interfaces are possible between lattices
differing in co-ordination number, even though they may
differ in orientation and spacing; the martensite/austenite
interface is possibly of this kind. 26 ref.—J. S. G. T.
tPhase Transformations at Interfaces. Alfred H. Geislor
(Metal Interfaces (Amer. Soc. Metals), 1952, 269-295; dis-
cussion, 295-298).—Internal surfacos in metals, o0.g. grain
boundaries, can act as proforred sites for the accolorated
nucleation of transformations such as pptn. and eutectoid
decompn.; tho proforred site is generally ono of discon-
tinuity or imperfection in the crystal lattice; the mechanism
of the acceleration is speculative. Localized formation of
particles of the new phase may produce a susceptibility to
intergranular corrosion and brittle fracture. Pptn. at
interfaces is responsible for the initial hardening of some
alloys. The activation energy for the initial hardening is
of that for vol. diffusion, indicating that interface
diffusion plays a prominent role. A nodular process,
nucleated almost exclusively at gram boundaries, is found
with the three main types of transformation in solid soln.
This nodular process is perhaps the slowest reaction, with
the exception of spheroidization, and grain-boundary diffusion
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is not the controlling factor, although diffusion along inter-
faces may play a part in tho process. 41 ref.—J. S. G. T.

+Statistical Theory oi Rotational Phase Transition.—I.
Takehiko Oguchi and Yutaka Takaci (J. Phys. Soc. Japan,
1952, 7, (2), 145-152).—[In English]. Anomalous sp. heats
of molecular crystals at relatively low temp, are attributed
to transition from an ordered state of orientation of the axes
of mol. to a disordered state duo to thermal agitation; this
phenomenon is attributed to what is known as rotational
phase transitions. A math, theory of tho phenomenon is
developed, for tho caso of the two-dimensional sg. lattice,
along the lines of Kikuclu’s theory of the order-disorder
transformation in binary alloys. Tho discontinuity in the
sp. heat at tho transition point is derived. 9 ref.

-J. S.G. T

#A Study [of the Deformation] of Two-Phase Alloys by Cold
Rolling. Genjiro Mima and Shigenori Hori (Nippon Kinzoku
Gakkai-Si (J. Japan Inst. Metals), 1952, 16, (7), 361-365).—
[In Japanese, with tables and graphs in English], Generally
indust, alloys consist of several phases, e.g. solid soln., inter-
metallic compounds, and non-metallic inclusions. The de-
formation by rolling of these alloys differs from that of alloys
with homogeneous structures. M. and H. have studied by
statistical methods, using a microscope, the internal stresses
set up by rolling in 2-phase alloys of Cu-Zn, Cu-Sn, Cu-Al,
and Sn-Sb. The results show that in an alloy contg. a second
phase which is softer or harder than the matrix the softer
second phase is deformed more, whereas the harder second
phase is deformed less than the matrix. Continued rolling
with progressive reduction leads to similar flow-strength in
both phases. The following corrected Unckel’s formula
(J. Inst. Metals, 1937, 61, 171; M.A., 4, 672) satisfied the

results ofthe experiments: j -jj- = at —DNm,where Ah/h —

degree of deformation of the second phase, AH/H = average
% of reduction, VJVm= relative hardness of the two phases,
and a was obtained by experiment and found to bo 3-0.
—Authors.

#Plastic-Deformation Features on the Cleavage Surfaces of
Metal Crystals. J. Holden (Phil. May., 1952, [vii], 43, (344),
976-983).—Interferometrio study of the cleavage surfaces
of single crystals of Zn, Mg, Bi, and Sh, after subjection to
a variety of plastic-deformation experiments, has given
information on the twin bands, band planes, and kink bands
that are formed. Tho polygonizod structure found after
inhomogenoous deformation and subsequent annealing, Is
related to the growth mosaic structure of metal crystals.
Evidence has been obtained on the glide deformation in Zn
and Mg single crystals at different temp.—P. C. L. P.

+Similar Glide Processes in lonic and Metallic Crystals.
P. L. Pratt (Acta Mel., 1953, 1, (1), 103-104).—[In English].
A letter. Tho strain-hardening curve of NaCl is parabolic
when single glide occurs, and linear whon double glido occurs.
The results are compared with those for metallic crystals.
Hexagonal metals show single glide and give linear curves,
whilst for f.c.c. crystals tho shape of tho hardening curve
should depend on tho initial oriontation, which determines
whether or not double glide is present from the beginning
of doformation. Experimental evidence in favour of this
prediction is summarized. 10 ref.—J. W. C.

+Theory of Slip-Band Formation. John C. Fisher, Edward
W. Hart, and Robert H. Pry (Phys. Rev., 1952, [ii], 87, (6),
958-961).—The approx. const, glide produced per avalanche
in tho plastic deformation of metals is attributed to the
termination of the dynamic generation of dislocation loops
from a Frank-Read source (ibid., 1950, [ii], 79, 722; 31.A.,
18, 465) by their own back-stress field. In agreement with
observation, it is shown that approx. 300 loops can be
produced before loop generation stops unless the applied
stress bo raised.—P. C. L. P.

+The Continuity of Slip Lines Across a Grain Boundary.
G. J. Ogilvie (J. Inst. 3letals, 1952-53, 81, (10), 491-495).—
Slip lines on the surfaces of polished and subsequently
strained specimens of Al and 70 :30 brass are sometimes
continuous across a grain boundary. Investigation of the
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interior of the brass specimens shows that this is not merely a
surface effect, but that the intersection of the slip pianos
does in fact lie in the grain boundary. It is shown that this
intersection lies at an angle of < 2° from ono of the <110),
<112), or <123) directions in both the slip pianos concerned.
When the duration of annealing, before tho final deformation,
is increased, thero is, within a given surface area, an increase
in tho number of grain-boundary sections where slip lines
cross. It is therefore suggested that the boundary configura-
tion favourable to slip-line crossing has a low intorfacial free
energy. It is shown that approx. half tho adjacent crystal
pairs in a random aggregate are favourably oriented for slip-
lino crossing to occur.—Author.

tThe Quantitative Explanation of [Actual] Crystal Structures
in Terms of Dislocations. Albert Kochendorfer (Z. Elektro-
chem., 1952,56, (4), 283-294). [In German], Paper presented
at a Symposium held by the Deutsche Bunsengesclischaft at
Berlin, Jan. 1952. Stepwise and screw dislocations in
slip planes and latent dislocations are explained and used
to account quant, for crystal defects, i.e. respects in which
the structures of actual crystals differ from those of ideal
crystals. Thus, more especially, mosaic structure and grain
boundaries are discussed in terms of regular dislocations
or in terms of definite collections of defects, whilst latent
and mobile dislocations are considered as sources of crystal
defects of high concentration, together with other phenomena
requiring such high concentration of defects. 31 ref.

—J.S.G. T.
+The Formation of Immobile Dislocations During Slip.
A. H. Cottrell (Phil. Mag., 1952, [vii], 43, (341), 645-647).—A
new mechanism whereby dislocations on intersecting slip
planes in a f.c.c. lattice can react to form immobile dislocations
is proposed, which is more effective than that suggested by
Lomer (ibid., 1951, [vii], 42, 1327; 31.A., 19, 721). The

role of such dislocations in work-hardening is discussed.
—P. C. L. P.

#Scattering of Electrons in Metals by Dislocations. D. L.
Dexter (Phys. Rev., 1952, [ii], 86, (5), 770-774).—A comparison
is made between four recent theoretical treatments of the
increase in the elect, resistivity of metals on cold working,
arising from scattering of electrons by edge-type dislocations.
A new treatment on similar lines indicates that the d of edge
dislocations would have to be an order of magnitude greater
than that estimated from energy-storage measurements.
The discrepancy is possibly attributable to the neglect of
effects such as those of clustered vacancies and screw dis-
locations.—P. C. L. P.

+Microscopic Studies in Beryl Crystals. [1l.—The Move-
ment of Dislocations. L. J. Griffin (Phil. Mag., 1952, [vii],
43, (343), 827-846).—Study of the surface of beryl crystals
has given evidence of the prior movement of certain disloca-
tions over short distances. The frequent observation of
certain characteristic groupings of dislocations is interpreted
to give evidence of the generation of dislocations by Frank-
Read sources (Phys. Rev., 1950, [ii], 79, 722; 31.A., 18,
465).—P. C. L. P.

#Critical Shear Stresses in Body-Centred Cubic Lattices.
R. Smoluchowski (Phys. Rev., 1952, [ii], 86, (5), 787-789).—
An explanation of the observed relative values of the critical
shear stress on different planes of certain b.c.c. materials
(Opinski and S., J. Appl. Physics, 1951, 22, 13S0, 1488;
31.A., 19, 778, 837) is put forward, based on the atomic
configuration of dislocations. The calculated temp, variation
of the critical shear stresses agrees with observations on
Fe-Si alloys. The elimination of slip on the {112} and
{123} planes by.the addn. of >7-5 at.-% Si is attributed to
local displacements around the smaller Si atoms. Other work
is discussed on the temp, variation of the observed slip planes
in b.c.c. materials.—P. C. L. P.

tThe Mathematical Theory of Stationary Dislocations.
F. R. N. Nabarro (Advances in Physics, 1952, 1, (3), 271-
394).—The various possible types of dislocations are defined
and theorems proved about their properties, including their
interaction and behaviour in motion. The importance of tho
mechanism for the generation of large numbers of dislocation
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loops proposed by Frank and Read (Phys. Rev., 1950, [ii], 79,
722 ; 31.A., 18, 465) in tho thoory of slip-band formation is
pointed out. Tho various dislocation models of a grain
boundary are included in tho discussion of the properties of
arrays of dislocations. Tho dopondenco of the thermal
activation energy necessary for creep to occur, upon tho
applied stress, is considered for various typos of dislocation
models of the creep process. Tho theory of the properties
of elastic dislocations is compared with that of dislocations in
crystal lattices, and important differences aro pointed out.
N. also discusses the compression-'wavo theory of slip proposed
by Frenkel and Kontorowa (Physikal. Z. Sowjetunion, 1938,
13, 1; 31.A., 5, 222) and its extensions. Finally, thoso
aspects of dislocation behaviour which depond upon tho
particular crystal lattice aro reviewed, including thoso
phenomena which have been oxplained on the basis of disloca-
tion reactions. About 170 ref—P. C. L. P.

tEnergies and Structure of Grain Boundaries. K. T. Aust
and B. Chalmers (3letal Interfaces (Amer. Soc. 3letals), 1952,
153-178).—The two thoorios, viz. tho amorphous-cemcnt and
the transition-lattico theories, advanced to explain grain-
boundary structures, are critically discussed in tho light of
experimental evidence. Properties of grain boundaries—
melting, mech. arid viscous behaviour, and chem. effects—
indicate tho latter thoory as the more acceptable, but
conclusive evidence for this preference was lacking, until
recent measurements of tho free surface energies showod that
tho boundary energy of Sn, Pb, Si ferrite, and Ag depends
upon the difference of orientation of grains on either side of the
boundary; it is concluded that different boundaries differ
in structure and therefore cannot be amorphous. A sp. form
of the transitional lattice is tho dislocation modol. For largo
differences of grain orientation across the boundary, alternative
descriptions of tho transition structure, e.g. those of Mott and
of Ke, may bo preferable. 85 ref.—J. S. G. T.

m[Theory of Internal Boundaries. Harvey Brooks (3letal
Interfaces (Amer. Soc. 3letals), 1952, 20-64; discussion, 64).—
The present status of the theory of internal boundaries is
comprehensively reviewed, particular attention being devoted
to the dislocation modol of internal boundaries and its success
and limitations hi predicting observed enorgy relations of
grain and interphase boundaries. The main conclusions
reached aro ; (1) any grain boundary may bo described as an
array of one or more typos of dislocations; (2) any two
lattices which can be generated from each other by a homo-
geneous linoar transformation of co-ordinates may meet in a
boundary represented by arrays of dislocations; (3) a phase
or grain boundary is a transitional region betwoen perfect
crystals; (4) tho elastic part of boundary enorgy can be
computed from elasticity theory and agrees with tho value
found by experiment; (5) for coherent twin or intorphaso
boundaries, there exists a dislocation description for -which the
d of dislocations vanishes; (6) for solid interfaces, surface
free onergy, and surfaco stress must be distinguished from ono
another; and (7) tho enorgy of coherent boundaries depends
only on the distortion of interatomic bonds near the boundary,
and thero is no longer-rango elastic energy. 40 ref.

—J.S.G. T.

+Study of the Surface Tension of a Grain Boundary in a
Metal as a Function of the Orientation of the Two Grains
Which the Boundary Separates. J. Friedel, D. B. Cullity, and
C. Crussard (Acta Met., 1953, 1, (1), 79-92).—[In French].
Relative grain-boundary energies were obtained by measure-
ment of dihedral angles in polycryst. Al discs. The grain
oriontations were not random, but had two textures : a
cubic texture and a “ Z ” texture obtainable from this by a
rotation of ~40° about a <111) axis. Grain orientations
were obtained by Laue photographs and by eteh-pit methods.
The effect of the grain-boundary orientation was also studied.
Grain boundaries between two crystals of random orientation
were found to have nearly const, energy, which decreases
when thero is a common plane of symmetry. The energy
becomes lower still when the grain boundary lies in this plane
of symmetry, and practically disappears for crystals which are
i or in spinel twin orientation. A rather approx. method of
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calculating surface and grain-boundary energies, based on a
central force model, is described, and results are given for Al,
Cu, a-Fe, and y-Fo. The method is suitable for largo-
anglo grain boundaries, where the dislocation model is
inappropriate. The calculations for Al agree well with
experimental results. 37 ref.—J. W. C.

*tBoundary Migration During Grain Growth. R. L.
Fullman {Metal Interfaces (Amer. Soc. Metals), 1952,179-207).
—An extension of the quant, analysis of the kinetics of grain
growth, using moro detailed models than those hitherto
employed, is developed. In metals, grain dia. frequently
cc the annealing time raised to a power n which genorally
differs from J.  Assumptions made inthe theory are removed,
singly, in order to determine thoir possible effect upon this
grain-growth index. Tho prosence of inclusions can account
for tho cessation of grain growth, but cannot account for tho
small values of n commonly observod. Reasonable changes in
avorago grain-boundary interfacial free energy probably have
no significant influence on n. Variation in grain-boundary
free energy with grain orientation may cause a short-range
preferred orientation during grain growth, which might
infiuonce n significantly. Adsorption of soluble impurities on
grain boundaries could change n from £ to J at most. Poly-
gonization has probably no significant influence upon grain
growth, but residual strains remaining after recrystn., might
affoct n. Tentative ovidenco supporting the possibility that
recrystn. does not remove all strain is presented and briefly
discussod. Subjects requiring investigation in the study of
grain growth are suggested. 55 ref.—J. S. G. T.

mj'Interface Migration in Recrystallization. Paul A. Beck
(Melal Interfaces (Amer. Soc. Metals), 1952, 208-247).—
Important variables affecting tho rate of grain-interface
migration in recrystn., and some features of recently-discovered
types of interfaco migration, elosely connected with recrystn.,
are reviewed. Matters discussed include: tho effects of
strain, tomp., orientation and impurities, strain-induced
boundary and sub-boundary migration, sub-grain growth,
and tho driving energy of interface migration in recrystn.
67 ref.—J. S. G. T.

+Grain-Boundary Diffusion: Annual Report. R. Smolu-
chowski et al. (U.S. Atomic Energy Commission Publ., 1952,
(NYO-3185), 6 pp.).—A study of grain-boundary diffusion of
Zn in columnar Cu showed that, as in the case of diffusion of
Ag in Cu, no preferential grain-boundary diffusion occurs until
a certain critical angle is reached, after which penetration
increases to a max. at an angle of 45°. The critical angle
increases rapidly with tomp. Calculations from data at
550°, 600°, and 650° C. lead to tho anomaly that very low or
negative activation enorgies are obtained at angles slightly
greater than the critical value. This is oxplained on tho basis of
a change from a pure dislocation type of boundary to one in
which dislocations merge and form rods of highly distorted
material at the criticalangle. Further increase ofanglo results
in the rods merging to form a more or less uniform boundary.
The activation energies are 34,000 and 24,500 cal./mole for vol.
diffusion and diffusion in tho distorted material. In Fe-Co
alloys, tho normal recrystn. texture is tho sum of three ideal
textures, ono of which is identical with the as-rolled texture.
Both increasing the recrystn. temp, and the appn. ofa magnetic
field result in a decrease in the importance of tho as-rolled
texture and corresponding increases in the other two.

—B.W.M.

¢Investigation of Diffusion Phenomena: Progress Report.
R. Smoluchowski et al. (U.S. Atomic Energy Commission Publ.,
1952, (NYO-3483), 3 pp.).—To show the presence of Al in tho
grain boundaries of the Cu component of a Cu-Al diffusion
couple, an etch was developed contg. 15 ml. 10% (NH4)2S,08,
2-5 ml. NIfiOll, and 15 ml. H20. A bicrystal of Si-Fe with
an orientation difference of 47° between the grains ([011]
common) was plated with radioactive Fe on ono side and
diffused in H for 145 hr. at 704° C. Vol.-diffusion penetration
was found to be —0-0008 in., compared with a grain-boundary
diffusion between 00010 and 0 0015 in.—B. W. M.

Theory of Grain-Boundary Diffusion. (Smoluchowski).
col. 747.

See
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¢Determination of the Lattice Disorientation
Crystals by X-Ray Diffraction. Honoré Lambot and Lawrence
Vassamiller (Compt. rend., 1952, 235, (19), 1136-1138).—
Details of the X-ray technique for the examination of single
crystals are given.—J. H. W.

Summarized Proceedings of a Conference on X-Ray Analysis,
Edinburgh, April 1952. C. A. Beevcrs and A. E. Do Barr
(Brit. J. Appl. Physics, 1952, 3, (10), 305-308).—H. S. Peiser
and J. R. Rait lectured on “ The Metals Industry and X-Ray
Methods ”, special attention being given to tho closo relation
between structure and properties of steels and the consequent
importance of determining tho structure. P. Gay, P. B.
llirsch, and A. Kelly estimated dislocation d and internal
strains in cold-worked metals by microbeam methods, while
G. K. Williamson studied these points by Geiger-counter
precision methods. ./. Adam reported that ordered Cu3Au,
while under neutron bombardment, disordered and re-ordered
simultaneously. J. Thewlis showed that Li°F and Li'F had

in Single

different lattice const. (4-0271 and 4-0262 kX, rcsp., at
25° C.). Theory agrees with these values. C. J. Milner
described a new preforred-orientation camera. A. R. Lang

described somo novel arrangements for Geiger-counter
diffraction measurements in which tho diffracted beam is
monochronmted. Background is supressed and high 0 angles

can be observed.—R. IV. C.

*X-Ray Study of Radiation Damage: Progress Report.
B. E. Warren (U.S. Atomic Energy Commission Publ., 1952,
(NYO-3731), 4 pp.).—A method has been developed for
separating the line-broadening effects due to small particle
size, lattice distortion, and stacking faults in f.c.c. materials.
Stacking faults due to slip cannot produce lino-broadening
for planes of the type (£7i+ k = 21) = 6n, so that if peak
shapes are measured for several orders of (111) or (200), and
the peak shapes expressed by Fourier coeff. AL(la), where
™= h2+ hr+ 1I-, a plot of inri£((0) against 10- for various
values of L will separate the three effects. The intercept on
the axis gives the Fourier coeff. for particlc-size broadening
alone, tho slope gives the distortion in the material, and the
departure of the (333) or (600) points from the curve through
the other reflections gives a measure of the broadening due
to stacking faults. A method is given for correcting for
instrumental broadening. Measurements on a 98:2 Ou-Si
alloy showed that tho damage produced by 30 days’irradiation
was insufficient to be detected by X-rays. Marked line-
broadening was obtained on LiF single crystals after irradia-
tion for 2 days, and in cold-worked filings of a-brass due to
both particle size and distortion.—B. W. M.

+The Effect of Accelerating Voltage and Specimen Morphology
on Electron-Diffraction Patterns. S. G. Ellis (J. Appl
Physics, 1952,23, (9), 1024-1028).—Experiments with uniform
films of Al showed that the contrast between diffraction
rings and background improves considerably as the voltage
is raised as long as the specimen is thin (oftho order of the re-
ciprocal of the absorption coeff.). There is not much scope
for increasing the limiting thickness that can be dealt with
by raising tho voltage. Using the results, calculations
are made for specimens which have local thick regions (e.g.
pyramids). Here voltage has less effect on the contrast,
(if the thick regions are sufficiently thick, they will not pro-
duce enough background to obscure the rings.) Some
artifices of technique for improving contrast are reviewed.

—R. W.C.

*A  Collective Description of Electron Interactions. R.
Kronig (Phys. Rev., 1952, [ii], 86, (5), 795).—A letter. In
connection with recent papers by Bohm and Pines (ibid.,
1951, [ii], 82, 625; 1952, [ii], 85, 338; M.A., 19, 355; 20,
413), K. points out that he and Korringa used a similar
approach and derived similar conclusions previously (Physica,
1943, 10, 406, 800 ; 31.A., 12, 208).—P. C. L. P.

+Scattering of Electrons from Point Singularities in Metals.
D. L. Doxtor (Phys. Rev., 1952, [ii], 87, (5), 768-777).—
Estimates are mado of the contributions to tho eloct. re-
sistance of metals from vacancies, interstitial atoms, and
substitutional impurity atoms. Generally', tho lattice dis-
tortion around the imperfection does not increase the scatter-
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ing significantly and may bo nogloctod. Tho rosistanco
change in a monovalent metal given by ono interstitial atom
and one vacancy should be either equal to or slightly greater
than that due to two solute atoms of the element of ono
larger atomic number. A discussion is givon of tho offocts
of alloying by elomonts of difforent valency and by othor
monovalent motals on tho rosistivity of Cu, Ag, and Au
alloys. Argumonts are given to support tho view that tho
charge on tho Cu, Ag, and Au ion is -j-le or nearly so, though

6— Corrosion and Related Phenomena
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the large effocts givon by Zn and Cd in Au aro not under-
stood. D.’s calculations indicate that vacancies will scatter
electrons to a lesser extont than is assumed by Soitz (Advances
in Physics, 1952, 1, 43; M.A., 20, 170), so if most of tho
observod increase in rosistivity on cold working at lig.-air
temp, is attributed to vacancies, there would have to bo
man}' more of them ; in fact a reasonable energy of vacancy
formation would imply that most of the onergy of cold work
is storod at lig.-air temp.—P. C. L. P.

5— POWDER METALLURGY

¢Room- and Elevated-Temperature Properties of Powder-
Extruded Magnesium Alloys Containing Aluminium, Beryllium,
and Zirconium. (------ ). See col. 750.

+Properties of Molybdenum Made by Arc Casting and
Powder Metallurgy. (Bcchtold and Scott). See col. 740.

+Field of Cemented Carbides Expanded by Titanium Com-
positions. John C. Redmond and John W. Graham (Metal
Progress, 1952, 61, (4), 67-70).—Tho general properties of a
now group of cemented carbides based on Ti and sold under
tho trado name of Kontanium aro reviewed, and a com-
parison is made of tho properties of these alloys with WC
and tho Superalloys. Tho Ti carbide alloys are bonded with
10-30% Ni. An U.T.S. of 80,000-100,000 Ib./in.2 at 70°F.
(21° C.) is quoted for the Kontanium alloys, as compared
with 110,000-180,000 Ib./in.2 for the Superalloys. At 2000°F.
(1095° C.) tho position is reversed, in that the U.T.S. quoted
for Ti carbide alloys is 30,000 Ib./in.2 as compared with
13,000 Ib./in.2 for tho Suporalloys. Stross-rupture curves
show that Kontanium alloys K 151A and K 152B have 125%
and 170%, rosp., of the stress-rupture strength of Inconel X.
The oxidation attack on Kentanium alloys K 151A and
K 152B in air at 1800° F. (980° C.) for 118 hr. is given as
0-00085 in. and 0 00115 in., resp. Tho ductility of Kentanium
alloys is said to be low. Tho stress-rupture elongation at
1600° F. (870° C.) has seldom been >2% ; it is slightly greater
at highertemp. It isclaimed that improved powdor-mot. and
sintering techniques have been developed so that tho necessity
for the machining of sintered components has been eliminated.

A Ti carbido impellor and a high-tomp. pressure vessel are
illustrated, and othor appn. arc indicatod.—R. P. Il. F.

Powder Metallurgy 1925-1950-19 PP. A. J. Langhammer
(Metal Progress, 1952, 61, (1), 72-75).—A brief historical
review of powder metallurgy is followed by a discussion of the
recent developments in tho manufacture of self-lubricating
bearings and an account of theirgreatly improved performance.
Tho saving resulting from tho prodn. of a variety of parts
by powdor-met. methods is illustrated. Recont improve-
ments in briquetting presses and othor equipment aro men-
tioned, and the need for metal powders of high purity and
improved phys. properties, is stressed. The opinion is
expressed that in tho future a large increase in tho use of Fe
powder products is likely.—R, P. H. F.

Considering Powder Metallurgy. H. W. Greenwood
(Engineer, 1953, 195, (5065), 269-270).—A review of recent
developments in the powder-metallurgy field, and an appraise-
ment of the potentialities of tho tochniquo in prodn. and
research.—D. K. W.

Report of [A.S.T.M.] Committee B-9 on Metal Powders
and Metal-Powder Products. (Amer. Soc. Test. Mat.
Preprint, 1952, (15), 7 pp.).—Tentative Specification (B222-
50T) for Sintered Metal-Powder Structural Parts is recom-
mended for adoption as standard. A proposed tentative
recommended practice for Evaluating the Microstructure of
Apparent Porosity in Cemented Carbides is given.—P. T. G.

Treatise on Powder Metallurgy. Vol. Ill.—Classified and
Annotated Bibliography. (Goetzel). See col. 814.

6 — CORROSION AND RELATED PHENOMENA

+The Resistance of Light Alloys to Marine Corrosion.
André Guilhaudis (Rev. Aluminium, 1952, (186), 85-96 ;
(187), 127-133; (188), 175-179).—The marine testing
stations of the Société Péchiney at Salin-de-Giraud and St.
Joan-de-Luz are described, and arrangements for atmospheric,
half-tide, and full-immcrsion tests are illustrated. Results
are then given for the effect of 2 years’ exposure under these
conditions for a range of materials including 99-0%, 99-7%,
and 99-99% Al, Al-1J-% Mh, and stronger alloys. Most
specimens wero of 1 mm. thickness. With the Al-5% Mg
alloy (A-G5) it was found that cold work had no effect on
corrosion-resistance, but an increase of the Cu content from
0-035 to 0-16% markedly lowered the corrosion-resistance
and the elongation values. Reheating of the material to
~175° C. for several hr. did not lead to intercryst. corrosion.
Cold work also did not affect the corrosion-resistance of the
Al-Mg-Si alloy (A-SG). Tests on AIl-Cu-Mg (A-U4G)
specimens showed that their mech. properties were much
affected by 2 years’ exposure, but tho extont depended on the
thickness of the material. Partial recrystn. has little effect
on the Al-5% Mg alloy, but increases the severity of the
corrosion at the boundary of the recrystallized zone in the
Al-Cu-Mg alloy. The effectofrainand the differentbehaviour
of the two faces of test specimens are discussed, and a com-
parison made between the results of half-tide and atmospheric
exposure tests on tho Al-Cu-Mg alloy. The Al-Zn-Mg-Cu
alloy (A-Z8GU) has been tested after immersion and exposure
tests up to 1 year, and whereas, in the atmosphere, there was
some loss of elongation, under immersion conditions complete

loss of strength occurred. Cladding of A-U4GT with pure
Al and A-Z8GU with Al-3% Zn offers good protection to
both alloys over the 2-year period, oven when immersed.
Finally, comparative test figures are given for Cu, Ni, Sn,
Zn, mild steel, 18: 8 stainless steel, and 65:35 brass after
2 years’ exposure in those conditions.—A. W. B.

#The Effect of Climate and Atmospheric Pollution on
Corrosion [of Zinc and Ferrous Materials]. J. C. Hudson
and J. F. Stannors (J. Appl. Chem., 1953, 3, (2), 86-96).—
Read before a joint meeting of Sections of the Society of
Chemical Industry. Results of corrosion tests in which
unprotected Zn and ferrous specimens aro continuously
exposed to different atmospheres throughout tho world are
presented and discussed. The degree of correlation between
corrosion, both of tho Zn and the ferrous samples, and S
pollution of the atmosphere at British sites clearly demon-
strates that the S02 concentration in the air is tho deter-
mining factor in the rate of corrosion of these motals in this
country. Tho corrosion rate for Zn is proportional to the S
pollution, but the rato for Cu-bearing steel increases more
slowly with increasing pollution, indicating that in certain
enclosed situations where S pollution is very high it may be
more economical to increase tho thickness of unpainted stool
rather than protect it with Zn.—J. R.

Report of [A.S.T.M.] Committee A-5 on Corrosion of
[Galvanized] Iron and Steel. (Amer. Soc. Test. Mat.
Preprint, 1952, (4), 17 pp.).—A proposed tentative specifica-
tion for “ 1-25-0z. Ordered Coating (Pot Yield) Zinc-Coated
(Galvanized) lIron or Steel Roofing Sheets ” is given, dealing
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with flat and corrugated sheets with a 1-25 0z./ft.2Zn coating.
Details are given of proposed revisions of tentative specifica-
tion A93-50T for “ Zn-coatod (Galvanized) Iron or Steel
-Sheets, Coils and Cut Lengths Small revisions are recom-
mended to specifications A326-49T and AIlll-51, dealing
with galvanized wire, and a number of specifications involving
galvanized or terno-coated goods arc reaffirmed. The
activities of sub-committees are reviewed, and the report
of Sub-Committee XIV on its inspection of black and
galvanized sheets is given. This includes the detailed results
for the exposure to tho atmosphoro of corrugated galvanized
sheets with various weights of coating at five sites for periods
up to 25 years.—P. T. G.

Trends in Corrosion Control. Herbert H. Uhlig (Metal
Progress, 1952, 61, (3), 82-88).—Methods of corrosion pre-
vention such as tho uso of paints, metallic coatings, and non-
metallic coatings are discussed. Current trends in corrosion
prevention such as tho broader appn. of cathodic protection,
corrosion-resistant metals and alloys, and tho general use of
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inhibitors, paints, ceramics, and plastics designed for optimum
protectionatordinaryandelevatedtemp, aregiven.—R.P. H. F.

Theory of Overvoltage and the Mechanism of Corrosion.
R. Audubort (J. Chim. Phys., 1952, 49, (7/8), C97-C103;
discussion, C103-C101).—General principles of the modern
theory aro briefly roviewed and applied to discuss the
theoretical fundamentals of tho process of corrosion.
Theoretical results liavo been compared with experimental
results relating to Mg, Zn, Cd, Al, Fe, and Hg in acid soln.
of various concentrations, and confirm one another. More
especially, A. considers that the linear relation deduced
between the eloctrodo potential and tho activity of the
active ions has boon verified experimentally.—J. S. G. T.

Liquid Sodium: A Non-Corrosive Coolant. R. F. Koenig
and S. R. Vandenberg (Metal Progress, 1952, 61, (3), 71-
75).—See M.A., 20, 265.—R. P. H. F.

#Final Report on Metallurgical Investigation of Materials
Subjected to Liquid Lead-Bismuth Alloy Environment.
(Grassi, Bainbridgo, and Harman). See col. 744.

7— PROTECTION
(Other than by Electrodeposition)

#Priming Paints for Light Alloys. J. G. Rigg and E. IV.
Skerrey (J. Inst. Metals, 1952-53, 81, (10), 481-A89).—Tho
results obtained from the exposure of light alloy specimens
for 6 months in rural, indust., and marine atmospheres, with
various primors undor Al top coats, have been published
previously, and tho present paper gives the further information
obtained on continuation of the tests for 31 years. Tho
results confirmed earlier indications. Zn chromate and Zn
tetroxychromate primers were superior in protective value to
Fe oxide primer, although tho latter provided satisfactory
protection, especially to Al in tho less severe environments.
Red Pb primor was definitely harmful on light alloys, and
especially on Mg in corrosive environments. In these tests
both types of chromate primor were found to be slightly
preferable to red Pb on mild steel. Zn chromate and Zn
tetroxychromate pigments are preferred for primers for
composite structures of steel and light alloys in severe ex-
posure conditions, while Fe oxido is adequate for milder
conditions.—Authors.

Aluminium Coatings Applied to Steel by Many Methods.
E. M. Smith (Materials and Methods, 1952, 36, (6), 105-108).—
Tho well-known methods of spraying, calorizing, hot-dipping,
cladding, electroplating, and vapour-plating for coating steel
with Al are reviewed. It is claimed that although these
methods are not new the continued improvement of the bond
and the appearance ofthe coating have resulted from improved
methods of prodn. Spraying issaid to be the easiest method of
appn. Calorizing is specially adaptable to large bulky steel
articlo3. Tho main difficulties of producing hot-dipped Al
coatings aro given, and it is pointed out that this is tho only
available method for the Al coating of steel wire and strip.
The cladding of steel with Al is said to bo specially adaptable
to the high-speed prodn. of sheet by rolling. The electro-
plating and vapour-plating of steel with Al is discussed and
appn. ofeach ofthe methods is indicated.—R. P. H. F.

Steel Protection by Sprayed Aluminium. (Engineering,
1953, 175, (4540), 158).—A brief report on the corrosion
resistance exhibited by an Al sprayed steel building erected
in 1937, in a highly corrosive steel works atmosphere. Signs
of rusting are now apparent, and 15 years is thought to be the
max. life that can bo reasonably expected from the coating
undor these particular conditions.—D. K. W.

Aluminized Coatings [on Steel]. M. G. Whitfield and
V. Sheshunoff (Machine Design, 1952, 24, (5), 139-140).—
The possibilities of the aluminizing processes for the protection
of Fe and steel parts against corrosion and also to give them
heat-resistance are considered. The various processing

methods are outlined, and it is shown that considerable
advantages can result from the use of Al alloys, particularly
tho Al-Sitype, in place of pure Al. Details of costs are given,
and information is presonted on the properties and finish of
treatod parts. The appn. of aluminized parts are discussed.
The Al coating in its polished condition resembles Cr-plated
objects.—D. M. L.

High-Temperature Oxidation Prevented by Sprayed Alumin-
ium. (Electroplating, 1953, 6, (2), 74).—A note on the
aluminizing process for tho protection of steel, and sometimes
other metals, against high-temp. oxidation. After Al spraying
(0 006-0 008 in.) the Al is alloyed with the steel by any of
3 methods, 2 of which involve a furnace treatment.—H. A. H.

Tungsten Carbide Thin Coatings Have Many Applications.

(Canad. Metals, 1952, 15, (11), 80-82, 84).—The appn.
of flame-plated WC coatings are reviewed. These coatings
are claimed to be harder than Cr plate, and to last 15-20
times longer during abrasion tests. See also M .A., 20, 497.

—W. A M. P.

*An Investigation of the Method of Inhibiting the Formation
of Blisters on Galvanized Sheet. Hiroshi Sawamura and
Taiji Ogino (Suiyokwai-Shi, 1952, 12, (3), 123-126).—[In
Japanese]. Aarious experiments are reported on the behaviour
of H retained by thin sheets during acid washing and hot
galvanizing. Since the number df sheet samples was small,
general conclusions could not be drawn from the results.

—Author.

A Coating Alloy for High-Temperature Use. (Engineer,
1953, 195, (5085), 274).—A brief note giving tho principal
properties of a Ni-base alloy, known as C26, contg. Cr, Al, and
Mo developed primarily for the facing of 1.C. engine valve
seats. The alloy resists oxidation at temp, up to 1250°C,
and Pb oxybromide attack at temp, up to S00° C.

—D. K. W.

Ceramic Coatings [for High-Temperature Parts]. John V.
Long (Machine Design, 1952, 24, (5), 122-126).—Tho necessity
to develop substitutes for the expensive heat-resistant alloys
has resulted in the use of ceramic parts as well as ceramic
coatings for normal metal parts. L. outlines tho development
of the coatings, particularly the Solaramic process. The
advantages of ceramic coatings are listed, attention being
directed to the influence of these on the heat-flow characteris-
tics, fatigue strength, service life, and corrosion- and oxidation-
resistance. Designrequirements for coated parts are discussed,
and accounts aro given of the phys. characteristics of the
coatings, processing methods, and possible future developments
of low-alloy coatings.—D. M. L.
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8 —ELECTRODEPOSITION

Chromium-Plated Aluminium Cylinder Barrels.
Rassler). See col. 804.

Speedy [Copper] Plating of Small-Diameter Steel Tubing.

(Iron Age, 1952, 170, (19), 174-175).—A process is
described by which tubes f—& in. in dia. are coated with
0 0004 in. of Cu at 40-150 ft./min. in a single pass through a
special bath contg. 7 oz. Cu cyanide and 35-40 oz. NaC03U.S.
gal. at 200°-205° F. (93°-97° C.). Current of 2500A000
amp. at 10-15 V. is applied at a c.d. of 10-20 amp./in.2 The
tubes are fed continuously, the tail end of ono being butt-
welded to the lead end of the next, by grooved Cu guide-
rolls through which tho current is passed. Briof details of
Zn/Cu/Cr coatings on tubo3 are also given.—S. R. W.

White Brass Plating: One Solution to the Nickel Freeze.
Webster B. Knight (Metal Progress, 1952, 61, (3), 61-64).—
Five alternatives to tho conventional Cu/Ni/Cr plate aro
described: (1) the Cr plating of Typo-430 stainless steel;
(2) a heavy Cu plate, followed by a flash of Niand Cr + lacquer;
(3) a heavy Cu plate, followed by a flash of Cr + lacquer;
(4) a bright Zn plate, chromato dip + lacquer; and (5)
white brass plating, followed by a Cr flash. Tho advantages
and disadvantages of each process are enumerated. The
factors controlling the successful appn. of white brass plating
aro claimed to be: super-purity Zn (99-99%) and electrolytic
Cu for tho prodn. of plating electrodes ; and anodes of 80: 20
Zn-Cu, used in a soln. of Zn cyanide, Na cyanide, and NaOll
(8 0z./U.S. gal. each) and 2 0z./U.S. gal. of Cu cyanide, at room
temp, at a c.d. of 28 amp./ft.2 with the addn. of brighteners
such as Na molybdate. Tho Cu-Zn equilibrium diagram is
illustrated, and the limits of the e phase illustrated with
special ref. to the 80: 20 Zn-Cu alloy which consists entirely
of e phase at room temp. The metallurgy of anodes is
described, and the results of salt-spray tests on 0-0003-in.-
thick deposits of white brass platod on steel radiator grills
after 24-, 36-, and 48-hr. periods, aro roviewed. It is claimed
that the prodn. of crack-free Co doposits in barrel-plating
has been accomplished, and that tho possibility of producing
crack-free Co deposits in still tanks is being investigated.

—R. P. H. F.

*The Determination oE Total Sulphate in Nickel-Plating
Solutions, Using Disodium Ethylenediaminetetra-acetate.
K. E. Langford (Electroplating, 1953, 6, (2), 41-42, 58).—A
volumetric method is described for tho detn. of total sulphate
in Ni-plating soln. Although not as accurate as grav. pro-
cedures, it is usoful for routine checks, &c. 1 ml. of the Ni
soln. is diluted to 100 ml., raised to the boil and 20 ml. of
Ar5-BaCl2.N/10-MgCl2 added. After mixing and cooling,
2 g. NITJCI, 2 g. KCN, 10 ml. NH40H, and 6 spots of indicator

(Meyer-
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(0-5 g. Erichrome Black T and 4-5 g. hydroxylamine hydro-
chloride in 100 ml. alcohol or indust. spirit) arc added.
Titration is then porformed with N/5-di-Na othylenodiamine
tetra-acotato to tho blue end-point, allowing tho precipitated
BaS04 to sottle for final confirmation (X). If Y ml. is the
“blank” on 20 ml. of the A75-BaCl2Ar/10-MgClI2 soln., then
Y — X = ml. of N/o-Bad, equivalent to tho S04 (1 ml.
N/5-BaCl2= 002809 g. NiS64.7H,,0 or 0-02629 g. NiS04.6H,,0.
—H. A. h:

*Alternating-Current Electrolysis, n.—Silver Nitrate Solu-
tions. A. N. Kappanna and K. M. Joshi (.7. Indian Chem.
Soc., 1952, 29, (4), 211-216).—An account of some experi-
mental work on the electrolysis of AgNO03 soln. with sym-
metrical A.C., using Pt electrodes in the frequency range
3-50 c./s. Agis deposited on both olectrodos, but tho current
efficiency is very low, varying between 0 and 5%, and is
different at tho two different electrodos. The current
efficiency decreases with incroaso in froquoncy at the same

c.d.; it incroasos at tho samo frequency with incroaso in
c.d. As tho electrolysis proceeds, the current efficiency
decreasos. It is higher in dil. soln. than in conc. soln. Somo

explanations are offered for those phenomena.—W. A. M. P.

#¢Electrochemistry of Fluoride Solutions. HI.—Electro-
deposition of Zinc from Fluoride Solutions. Erach R. Talaty
(J. Indian Chem. Soc., 1952, 29, (3), 147-156).—Cf. ibid.,
1951, 28, 523 ; M.A., 20, 356. A detailed study of tho oloc-
trolysis of acid ZnF2 soln. has been made, and experimental
data aro given on (a) dccompn. potentials, (6) cathode and
anode discharge potentials on polishod Pt olectrode3, and
(c) the eloctrodeposition of Zn under various conditions.
The Zn deposits on Fe cathodes are adherent, but are dark
and porous. Good deposits can only be obtained with tho
aid of addn. agents, such as thiourea, gelatine, and glucose
with (NH4).,C03 It is concluded that although tho max.
permissible c.d. for fluoride baths is not high, the deposits
obtained from baths contg. thiouroa compare favourably with
the best obtained from acid sulphate baths.—W. A. M. P.

+Triangular Logarithmic Net for the Calculation of Plating
Thicknesses. D. R, Curry (Electroplating, 1952, 5, (12),
397-399).—A simple system is described whereby tho weights
of various metals electrodopositod on different surface areas,
as obtained, for example, from the stripping of plated articles,
can be rapidly and simply converted to thickness (thousandths
of an in.).—H. A. H.

[Plating] Process Control. (Product Finishing (Lond.),
1953, 6, (1), 40A4).—Recommendations are made regarding
tho min. sci. apparatus roquired for equipping an electro-
plating laboratory.—H. A. H.

AND ELECTROCHEMISTRY

(Other than Electrodeposition.)

Remarks Regarding the Theory of the Production of
Aluminium by Electrolysis. R. Piontelli (J. Chim. Phys.,
1952, 49, (6), C29-C33; errata, (7/8), C147).—An electrochem.
and a thermodynamic discussion of the customary electrolytic
process for producing Al leads to the conclusion that tho
cathodic sepn. of Al is a direct process, i.e. the electrochem.
process involved consists of the direct reduction of the
constituent of tho electrolyte contg. Al. Tho electrolytic
deposition of Na, on the other hand, is considered to be a
“ parasitic 7 process, attributable more especially to
anomalies of eompn. of the cathode layer, or operation of
the vat. 8 ref.—J. S. G. T.

+Cathodic Deposits, Consisting of Monatomic Layers of
Bismuth, upon Platinum and Gold. A. Coche, J. Danon, and
M. El. Guebely (J. Chim. Phys., 1952, 49, (6), 363-366).—The
partition of micro-quantities of Bi between an electrolytic
soln. contg. Bi ions and a Au cathode, for electrolytes of
concentration 10‘12Vto 3 X 10AY is found, experimentally.

to be in accordance with two Freundlich isotherms with
resp. exponents 0-80 and 1-3. The critical potential for the
deposit of Bi upon Pt varies with the concentration of the
electrolyte in accordance with Nernst’s electrochem. equation.
Horzfold’s equation is obeyed only qual. Tho partition of
micro-quantities of Bi between soln. and electrode in the
case of a Pt electrode is in accord with a single Freundlich
isotherm with exponent 0-95. 10 ref.—J. S. G. T.
#Electronic- and Solvent-Transfer in Aqueous Solutions of
Bi- and Tri-Valent Chromium. M. Halssinsky (J. Chim.
Phys., 1952, 49, (7/8), C133-C135; discussion, C135-C136).—
Electronic exchange between Cr2 and Cr3+ions in HCL1 soln.
is complete in the few min. necessary for the chromato-
graphic separation of the bi- and tri-valent ions ; the time of
semi-exchange in H3504 soln. is of the order of 3-5 min.
These velocities of exchange are considerably higher than
those measured by other experimenters for the velocity of
exchange between co-ordination H.,0 of Cr3" and the solvent.
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The results are interpreted in terms of a mechanism of elec-
tronic transfer by the formation of complex, ephemeral
ionic associations between cations and anions.—J. S. G. T.

*The Electrolytic Precipitation of Metal Powders: Signifi-
cance of Diffusion Processes at the Cathode. N. Ibl and G.
Trumpler (Helv. Ghim. Acta., 1952, 35, (1), 363-374).—
[In German]. A study has been made of the phenomena
which accompany the electrodepn. of Cu powders from agq.
soln. contg. CuSO, 0-3-0-1 mole/1. The results are discussed,
and correlated w-ith those of other workers on the dopn. of
Zn and Ag powders. Powder formation takes place after
certain current limits are attained. The time, -, (in sec.)
which elapses before powder begins to form corresponds to the
“ transition time ” calculated from the diffusion laws postu-
lated by Sand, and, if i = c.d. (inm.amp./cm.2), then i\/r =
a const, which decreases with increasing dilution of the electro-
lyte. The min. c.d. necessary for powder prodn. is discussed,
as woll as the conditions which exist at vertical electrodes.

—E. N.

*Kinetics of the Reaction Metallic Copper/Copper lon.
E. Quagliozzi and A. Roscigno (Helv. Chim. Acta, 1952, 35,
(4), 1227-1330).—[In German]. A Cu foil, irradiated so as to
contain tho radioactivo isotope 04Cu was immersed in an ag.
soln. of puro CuS04. The oxchange of Cu between tho foil
and soln. was studied, and found to take place according to
the reaction Cu ™ Cu+” Cu2+ the equilibrium const, ofwhich
have been determined.—E. N.

#Electron-Transfer Reactions at Lead Electrodes [of Storage
Batteries], H. R. Thirsk and W. E. K. Wynno-Jones (J.
Chim. Phys., 1952, 49, (1), C131-C133; discussion, C133-
C134).—[In English]. Theories relating to reactions occurring
at the Pb plates of storage batteries are briefly reviowed, and
it is considered that it is difficult to reconcile accepted theory
with certain chom. and electro-chem. observations, and an
alternative mechanism, conforming to the overall reaction of
tho “ double sulphation ” theory is proposod. During the
formation process, it is suggested that conversion of PbS04
begins noar the Pb/PbS04interface and continues through tho
deposit, without any further attack on the Pb, in tho absonco
of forming agents. When forming agents are present, attack
continues on the Pb surface, maintaining a layer ofhigh PbS04
concentration noar tho Pb surface. When tho PbO, layer
reaches the Pb surface, further OH' or S04" discharge on the
PbO.. grains occurs, and electronic conduction takes place
through tho combined Pb-PbO, conducting path. Tho final
stago is tho discharge of anions with tho prodn. of 0 at high
ovorvoltago at tho PbO, surfaco. In the reduction process,
it is suggested that the solid PbO, layor with its high free-
electron content reacts at the PbO,/soln. interface by direct
electron transfer in tho solid stato. Subsequently, the Pbh3+
ion in the solid reacts with the S04 of the soln. 11 ref.

—J.S.G. T.

#Passivation of Lead in Sulphuric Acid, and Processes
Occurring in the Positive Plate of the Lead Accumulator.
W. Feitknccht and A. Gaumann (J. Chim. Phys., 1952, 49,
(1), C135-C144; discussion, C144).—Tho anodic passivation of
Pb in H,S04 was studied by measuring, at const, current, tho
chango of voltage of a storage coll, the rosistanco of the cell,
and the anode potential. Formation of the sulphate layer and
its transformation into PbO., wore studied by the electron
microscope. Passivation is attributed to an increase of
activation polarization, represented by tho oquation Pb ->
Pb" + 2e, after formation of a layor of PbS04 fixed at points
ofthe Pb surface, so that tho reaction Pb -+ 2H,0 -> PbO, +
4e + 4H* can occur, with the prodn. of a thin layer of PbO,,
permeable only to electrons. Tho transformation of PbS04
into Pb02takes place in a thin layor of electrolyte in accord-
ance with tho equations:

Surface PbO,: 20H' -> 2e -f 20H] p, m

, 0p.
PbS04->S04" + Pb" .

“afs5. 438

Pb anodes lose their passivity when, in accordance with tho
reaction PbO, 4-4H“+ 2c-> Pb" -j- 2H,0, the primary layer
of PbO, is destroyed.—J. S. G. T.
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Electrolytic Manganese Acceptance Grows. C. L. Mantell
(Iron Age, 1952, 170, (12), 168-172).—Electrolytic Mn
having high purity (99-97%) is replacing Ni and is opening
up a now field of Mn-baso alloys. The chom. compn., the
properties, and tho allotropy of Mn aro givon in tabular form,
and a flow-sheet doscribes briefly the method of manufacture.
Negligible S, P, and C contonts, togother with freedom from
Si, arc of special value in stoel prodn. 11 ref.—S. R. W.

+The Production of Silicon-Titanium Alloys by Igneous
Electrolysis. Maurico Dodoro (./. Chim. Phys., 1952, 49,
(6), C11-C14; discussion, Cl14).—Tho typo of eloctrolysis
discussed is illustrated by tho electrolysis of a fused mixture of
Na silieato and NaF; Na, tho primary product of tho electro-
lysis is seen burning at tho cathodo with liberation of Si. Tho
courso of tho eloctrolysis of (1) fused alkali and alkalino-oarth
silicatos mixed with Ti02 and (2) K fluosilicate mixed with
TiO,, and tho resulting products aro briefly discussed.
Hitherto, the electrolysis of fused baths contg. silicates or
fluosilicatcs mixed with TiO, has led to the prodn. of free Si
and silicido. Tho possibility of producing the Si-Ti eutectic
contg. 8-5% Si by igneous eloctrolysis, by olectrolysis of
mixtures of fluosilicate and fluotitanato of K, is suggested.

—J. S.G. T.

+Electrolytic Deposits from Very Dilute Solutions, and
Heterogeneity of the Surface of the Electrodes. J. Danon and
M. Haissinsky (J. Chim. Phys., 1952, 49, (1), C123-C130;
discussion, C130).—Tho critical potential for the cathodic
deposition of Bi upon a polarized Au cathode in very dil.
HNOa, is found to vary with tho concentration in accordance
with Nernst’s electrochem. equation for concentrations down
to 3 X 10-46N. Without previous polarization, the deposi-
tion, at this concentration, is characterized by tho existence
of a sub-voltage. Herzfold’s oquation is not oboyed, and tho
qual. validity of the equation is attributed to an exponential
distribution of activo centres upon tho oloctrodo surfaco. The
distribution of Bi botweon a nitric soln. of Bi3+ions of concen-
tration 10 12-8 X 10'7N and a Ag oloctrodo, at potentials
equidistant from tho critical potentials, follows two Freundlich
isothorms, corresponding, in the case of very dilute concentra-
tions, to two values of tho exponent rcsp. > and <1. It
follows that, with only slight coating of the electrode surface,
it is the heterogeneity ofthe coating, together with an exponen-
tial distribution of the energies of absorption, which determine
details of tho deposition; with thickor doposits, attraction
between the deposited Biatoms comes into play.—J. S. G. T.

+Oscillographic Polarographic Waves for the Reversible
Deposition of Metals on Solid Electrodes. Talivaldis Berzins
and Paul Delahay (J. Amer. Chem. Soc., 1953, 75, (3), 555-559).
—An oquation is dorived for oscillographic polarographic
waves corresponding to tho reversible deposition of an
insoluble substance. Theoretical results aro compared with
experimental data, and discrepancies are accounted for by
variations of tho activity of tho deposit. Experimental and
calculated waves for tho deposition of Cd on Pt are compared.

—J. R,
Phenomena at Electrodes in Electrolysis. E. Darmois
(J. Chim. Phys., 1952, 49, (2), C151-C153; discussion,

C153).—The initial process in olectrolysis is the formation of
a layer of adsorbed ions at the olectrodes, tho so-called Stem
layer, and this is mainly responsible for the prodn. of electrode
potentials. Sutra has arranged electrolytic ions in 3 categories
dependent upon thoir resp. crystal radii (ibid., 1946, 43, 189).
Characteristics of the different classes ofions are discussed, with
a brief ref. to tho potential necessary to offoct electrolytic
polishing of metals; in this procoss dissoln. of tho metal
begins at certain “ active ” points, and tho adsorption onergy
of the process decreases in proportion as the surface becomes
plane. 5rof.—J. S. G. T.

+Variation of Reaction Velocities, at an Electrode, with the
Solvent. J. O’M. Bockris (J. Chim. Phys., 1952, 49, (7/8),
C41-C45; discussion, C45-C46).—The kinetics of electro-
deposition and the effect ofthe nature of the electrolyte upon
the rate of deposition become important in tho case of tho
electrodeposition of metals which are deposited badly from
ag. soln. Electrodeposition upon cathodes of Hg, Ni, Cu,
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Sn, Bi, W, Au, and Ta was studied for ag. soln. of HC1 and
H2S04, and in a fow cases NH.,C1, with, and without addn. of
CHaOH, glycol, H.COOH, (C2H6)20, and C2H50H. Deposition
upon Hg and Cu is very littlo different whether from H20 or
ether. Considerably more work is necessary before knowledge
of the effect of the solvent upon olectrodoposition can bo
regardod as precise. 42 ref.—J. S. G. T.

fAspects of the Theory of Electrode Processes with Electron
Transition. R. Piontelli (/. Chim. Phys., 1952, 49, (1),
C53-C65 ; discussion, C65).—The thermodynamics ofolectrodo
voltages in redox electrolytic systems is discussed in con-
siderable dotail. 10 ref.—J. S. G. T.

+Kinetics of the Primary Reactions in Electrolysis, Deter-
mined by Cathodic Oscillography Utilizing the Technique of
Polarography. (Mme) M. Fournier (J. Chim. Phys., 1952,
49, (2), C183-C192; discussion, C192-C193).—The offeet of
an A.C. upon polarographic records was studied by means of
voltage/time records derived from cathodic oscillographic
observation and by determining the effect of an A.C., super-
posed on a const. D.C., upon tho current intensity/voltage
diagrams derived from polarographic studies. The various
ions studied include TI, Cu, Cd, Pb, Zn, Mn, Fe, Co, and
Ni.—J. S. G. T.

Some Examples of Perturbations Brought into Electrolysis
by Supplementary Factors. Pierre Jolibois (J. Chim. Phys.,
1952, 49, (7/8), C108-C107).—Attention is directed to per-
turbations that can occur in electrolysis owing to variation of
d and compn., illustrated by tho progress of the electrolysis
of a soln. contg. H2504, NaOH, and Na2504, and by tho
presence of H2S04 in the cathode vessel of an electrolyte
system comprising an anode vessel and a cathode vessel, both
contg. CuS04, connected by a capillary tube.—J. S. G. T.

+Overvoltage and the Mechanism of Electrolysis of Oxida-
tion-Reduetion Systems. René Audubert (J. Chim. Phys.,
1952, 49, (1), C106-C109 ; discussion, C109).—A comparison
of experimental results with deductions from the modern
theory of overvoltage, applied to electro-reduction and electro-
oxidation processes, e.g. the Fe3+-> Fe2+ reduction process,
is used to give precision to the processes involved in the
mechanism of electrolysis. Tho deductions are applicable
only to very strongly acid or very strongly alkaline soln. ;
in other cases it is probable that the different effects discussed
are superposed.—J. S. G. T.

+|(1) Theoretical Study of Overvoltage in Oxidation-
Reduction Systems. (II) Experimental Study of Overvoltage
in Some Oxidation-Reduction Systems. (Eli) Interpretation
of Measurements of Overvoltage in Oxidation-Reduction
Systems. Eugéne Lewartowicz (J. Chim. Phys., 1952, 49,
(10), 557-563 ; 564-572; 573-581).—[l.—] Audubert’s theory
of overvoltage (ibid., 1924, 21, 351), in which the theory of
probability is applied to calculate values ofelectrode potentials,
is applied to oxidation-reduction electroehem. processes, and
equations relating c.d. to electrode potentials are developed.

11— Analysis
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Overvoltage, taking diffusion into account, and the significance
of activation energies and transfer coeff. are discussed.
57 ref. [Il.—] Apparatus used and experimental conditions
necessary to overcome the numerous difficulties mot with in
tho study of oxidation-reduction systems are discussed.
Experimental results relating, inter alia, to overvoltage in
the oxidation-reduction systems Fe2+Fe3+ and Ce3+Ce4+
are given. The roles played by compn. of the soln., treat-
ment of electrodes, mech. agitation, and temp, are discussed.
7 ref. [I11.—] Results obtained in [Il.] are used: (1) to
verify the formulae in Audubert’s theory; (2) to determine
values of transfer coeff., activation energies, and exchange
currents ; (3) to show the importance of diffusion; and (4)
to show that exceptin the case ofthe oxidation of Cc3+— Ce",
oxidation and reduction arc effected by direct electronic
exchanges. 11 ref.—J. S. G. T.

Hydrogen Overvoltage. Genevieve Sutra (J. Chim. Phys.,
1952, 49, (1), C66-C68 ; discussion, C68-C69).—A theory of
H overvoltage in which it is assumed that ions are absorbed
at tho surface of the cathode together with a number of
H20 mol., and that H is formed within the metal is developed.
H overvoltages at electrodes of Pt, Au, Ag, Ni, W, Mo, Sn,
graphite, Ta, and Hg are tabulated.—J. S. G. T.

+Thermodynamics and Electrochemical Kinetics of Hydrogen
Overvoltage. Pierre van Rysselberghc [J. Chim. Phys., 1952,
49, (1), CA47-C51; discussion, C51-C52).—The relation
between H overvoltage and c.d. is discussed in detail. A
thermodynamic activity coeff., relating to the activated
complox, is explicitly introduced into the theory, and the
activated layer and electrode are assimilated to an atomic
H rovorsiblo oleotrode.—J. S. G. T.

+The Significance of Dual Mechanisms in Hydrogen Over-
voltage. Roger Parsons (J. Chim. Phys., 1952, 49, (1),
C82-C87 ; discussion, C87).—[In English], It is suggested
that tho term “ dual mechanism ” should be restricted to tho
occurrence of two consecutive or alternative reactions, having
activated complexes of equal or nearly oqual standard free
energy with respect to tho freo energy of the initial state.
Possiblo types of behaviour of electrodes evolving H are
discussed, and predictions of the effect of a catalytic poison,
e.g. AsD3, upon overvoltage at a Pt electrode agree with
observations. 9 ref.—J. S. G. T.

¢Adsorption and Hydrogen Overvoltage. P. J. Hillson
(J. Chim. Phys., 1952, 49, (1), C88-C94; discussion, C94-
C96).—The intensity of adsorption of capillary-active sub-
stances, o0.g. caproic alcohol, hexylamine, and toluene
sulphonic acid, on electrodes of Ni, IV, Ag, Ta, and Au, at
which H was evolved, was studied by determining their
effects upon tho overvoltage and capacity of the electrodes
in HC1 soln. The metals were found to differ markedly in
respect of their behaviour towards the capillary-active
substances, and these differences are correlated with the energies
of adsorption of H and of 0 by tho resp. metals and with
the H overvoltage in pure soin.-—J. S. G. T.

11 — ANALYSIS

#The Determination of Aluminium and Zinc After Their
Chromatographic Separation from Tin-Lead Alloys. J. R.
Bishop and H. Liebmann (Analyst, 1953, 78, (923), 117—
122).—2 g. solder in the form of fine filings or drillings is
dissolved in HBr f- Br2 HC104 is added to tho soln., which
is then evaporated to fumes of HC104 to volatilize Sn. Pb
is removed by adding HC1 and filtering off PbCI2 tho filtrate
being evaporated to fumes of HC104 and again taken up in
a smaller quantity of HC1 to precipitate more PbCI2 The
soln. is then transferred to a cellulose pulp chromatographic
column and Zn eluted with a mixture of const.-boiling HC1
4 and n-butanol 96 parts. The column is then eluted with
a mixture of const.-boiling HC1 4 and methyl ethyl ketone
96 parts to remove all metals oxeept Al and Ni, which are
recovered by elution with dil. HC1l. Zn and Al are deter-
mined in the respective soln. by normal polarographic
methods.—F. M. L.

#Spectrophotometric  Determination of Aluminium in
Thorium: Extraction of Aluminium with 8-Quinolinol in
Chloroform. D. W. Margerum, Wilbur Sprain, and Charles
V. Banks (Analyt. Cliem., 1953, 25, (2), 249-252).—Al is
determined spectropkotometrically in Th by direct extraction
into a soln. of 8-hydroxyquinoline in chloroform. Extraction
of Th is prevented by using cither 4-sulphobenzenearsonic
acid or conc. acetate buffer. In the latter case allowance
must bo made for the acetic acid dissolved in the chloroform
phase when making the spectrophotometric measurements.

—F. M. L.
¢The Determination of Aluminium by the Fluorophoto-
metric Method. J. B. Zimmerman (U.S. Atomic Energy
Commission PM ., 1952, (NP-4182), 11 pp.).—A method is
described for the detn. of Al by measurement of the fluor-
escence of the 8-hydroxyqumolate. The complex is pre-
cipitated from a soln. buffered at pH 1-6. The precipitate
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ia extracted with CHC13 and the fluorescence of this soln. is
measured under exposure to ultra-violet light of wave-length
560 mp. Interfering elements such as Fe, Mn, or Cr are first
removed from the soln. either by sepn. with the Hg cathode
or pptn. with NaOH. The intensity of fluorescence is linear
with respect to Al content for the range 1-50 y Al/30 ml. soln.
Comparison of experimental values obtained by normal and
fluorometric methods is given.—C. E. A.

+Separation of Antimony by Solvent Extraction. Charles E.
White and Harry J. Roso (Analyt. Ghent., 1953, 25, (2),
351-353).—Sb is oxidized to the pentavalont condition with
eerie sulphate, complcxed with a mixture of oxalic and citric
acids, and then extracted into ethyl acetate.—F. M. L.

+Photometric Determination of Bismuth in Lead and Its
Alloys by Means of Thiourea. Heinz Pohl (Angew. Client.,
1952, 64, (22), 608-610).—P. describes a method for the
photometric detn. of Bi in Pb and its alloys with Sb. The
major part of the Sb is first separated and removed with the
Pb, the remainder being bound as a complex by means of
tartaric acid and NaF. Bi contents of 0-5-0-001% can be
determined with an accuracy of £3%, and it is claimed that
the time taken per detn. is approx. 60 min.—W. F. H.

+Extension of Sensitivity of Polarographic Analysis with
Rotating Amalgam Electrodes [for Determination of Cadmium
and Cobalt lons]. W. Donald Cooke (Analyt. Ghem., 1953,
25, (2), 215-218).—An amalgamated Ag wire rotated at high
speed has been used to increase the sensitivity for the detn.
of Cd and Conl ions.—F. M. L.

+5:6-Benzoquinaldinic Acid as an Analytical Reagent.
|.—Estimation of Copper. Anil Kumar Majumdar and
Ajit Kumar Malliek (J. Indian Chem. Soc., 1952, 29, (4),
255-262).—5 :6-benzoqtiinaldinic acid completely pre-
cipitates Cu between pH 0-82 and 9-40, and has been used for
the estn. of Cu and its sepn. from Mg, Ca, Sr, Ba, phosphate,
arsenate, arsenite, citrate, and tartrate. The Cu salt may
be dried either at 110°C. as Cu(CK4HsN02),.15H20 or at
180° C. as Cu(C14H8N 022—W. A. M. P.

+Determination of Milligram and Sub-Milligram Quantities
of Copper by the lodate Titration of Cuprous Thiocyanate.
Krisna Tantranon and B. B. Cunningham (Analyt. Chem.,,
1953, 25, (1), 194-195).—Small amounts of Cu are precipitated
as CuCNS, which is then suspended in conc. HC1 and titrated
with KI10j, using chloroform to detect when all freo | has
boon removed and the end-point, therefore, roached.

—F. M. L.

Analytical Methods for Germanium. Horatio H. Krause
and Otto Il. Johnson' (Analyt. Chem., 1953, 25, (1), 134-
138).—A review, with 111 ref.—F. M. L.

+Determining Low Concentrations of Hafnium in Zirconium:
A Spectrographic Method. D. M. Mortimore and L. A.
Noble (Analyt. Chem., 1953, 25, (2), 296-298).—0 003-0-4%
Hf in Zr is determined by converting the sample to oxide,
mixing it with a buffer comprising a 1: 1 mixture of graphite
and BaF, to steady the arc and enhance the Hf spectrum,
and then arcing at 30 amp. and 230 V. The spectra are
recorded in the 3rd-order ultra-violet, using a filter to suppress
the 2nd-order (CN) band.—F. M. L.

+Determination of Hydrogen in Magnesium, Lithium, and
Magnesium-Litliilum Alloys. M. W. Mallett, A. F. Gerds,
and C. B. Griffith (Analyt. Chem., 1953, 25, (1), 116-119).—H
has been satisfactorily determined in Mg and Mg-Li alloys
by the Sn-fusion method. If a sample could be adequately
protected from reaction with atmospheric moisture during
prepn. for analysis, this method could also be applied to Li.
The apparent H content of Mg-Li alloys, and especially of
Li, increases when the metal is exposed to air. Satisfactory
results for Mg-16% Li alloys were obtained by sealing the
metal in a welded steel capsule and extracting H at 800° C.
Tho method, however, is more complicated and time-con-
suming than the Sn-fusion method.—F. M. L.

+Spectrophotometric Titrations with Ethylenediaminetetra-
acetic Acid : Determination of Iron, Copper, and Nickel.
Philip B. Swectser and Clark E. Bricker (Analyt. Chem.,
1953, 25, (2), 253-255).—The spectrophotometer is used to
determine the end-point in the titration of Fem, Cu, and Ni
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witli a standard soln. of disodium dihydrogen ethylenediamine-
totra-acetate.—F. M. L.

+Determination of Osmium: Application of Polarographic
Kinetic Hydrogen Peroxide Current. I. M. Kolthoff and E. P.
Parry (Analyt. Client., 1953, 25, (1), 188-189).—The catalytic
reduction current of 11202 during the reduction of Os04 is
used to determine small amounts of Os.—F. M. L.

+Rapid [Photometric] Determination of Silicon in Copper and
Copper Alloys. Masao Adachi, Hirozo Kimura, and Nobuyoshi
Aoki (Bull. Eng. Research Inst. Kyoto Univ., 1952, 2, (Sept.),
51-54).—[In Japanese, with tables and graphs in English].
*The reaction to form a yellow heteropoly acid between soluble
silicic acid and molybdatc ion, has been applied to the photo-
metric analysis of Si in Cu and Cu alloys. Less than 5% Si
can be determined rapidly by this proceduro; 005% P and
1% Fe and As do not interfere. 8 ref.—Authors.

+Photometric Determination of Silicon in Ferrous, Ferro-
magnetic, Nickel, and Copper Alloys: A Molybdenum Blue
Method. C. L. Luke (Analyt. Chem., 1953, 25, (1), 148-151).—
The sample is dissolved in a mixture of HCl and HNO3
HNO3 is destroyed by boiling with formic acid, and all
interfering metals are removed by extraction into a soln. of
Na diothyldithiocarbamate in chloroform. Si is then deter-
mined in the aq. phase by the usual photometric Mo blue
method.—F. M. L.

+Spectrographic Determination of Small Quantities of Silver
[in Lead]. IV. D. Treadwell, E. Amrein, and A. E. R. Bodmer.
(Helv. Chim. Acta, 1952, 35, (3), 765-770).—[In German],
The spectrographic detn. of Ag in Pb-Ag alloys contg.
0-001-1-6 wt.-% Ag is described, using a Fcussner excitation
circuit, and the Ag lines 3280-7 and 3382-9 A. in comparison
with the Pb lines 3572-7 and 3639-6 A. In the alloy range
0-1-1-6% Ag, the Ag line intensities are found to be approx.
twice as great in freshly prepared alloys as in alloys aged for
6weeksatroomtemp. Ageing causes pptn. ofthe Agatthe Pb
grain boundaries; the Ag crystallites formed are much greater
in dia. and have a lower vapour pressure than those occurring
in freshly prepared alloys. The sensitivity of the spectro-
graphic detn. is so great that the transition jfrom homogeneous
solid soln. to the heterogeneous condition can bo followed by
the decrease in intensity of the Ag lines. The alterations in
the hardness of the alloys, which accompany the ageing, are
discussed.—E. N.

Detection and Determination of Thallium. J. R. A.
Anderson (Analyt. Cliem., 1953, 25, (1), 108-112).—A review,
with 61 ref.—F. M. L.

+Analytical Procedure for the Determination of Thorium.
R. Kronstadt and A. R. Eberle (U.S. Atomic Energy Commis-
sion Publ., 1952, (RMO-838), 9 pp.).—A detailed procedure is
given for the detn. of Th in the presence of rare-earth elements
by tho spectrophotometric measurement of the colour
developed with Thoron [l-(o-arsenophcnylazo)-2-naphthol-
3 :6-disulphonic acid], Th and rarc-earths arc first separated
by pptn. as oxalates, using La as a carrier. Removal of the
rare-earths is then effected by iodate pptn., using Hg as
carrier. The colour developed with Thoron, after liberation
and removal of I, is measured at a wave-length of 545 mg.
The method covers a range of 20-200 y Th02 with a precision
°f +1%- The accuracy is claimed to be +2% .—C. E. A.

+Spectrophotometric Determination of Uranium by Thio-
cyanate Method in Acetone Medium. C. E. Crouthamel and
C. E. Johnson (U.S. Atomic Energy Commission Publ., 1952,
(AECD-3328), 16 pp.).—U to 5 X 10_5jIf can be determined
colorimetrically by measurement of the absorption at 375 mp
of a (CH5)o0/H2 extract of the thiocyanate complex.
The method shows freedom from interference by fairly large
amounts of Cu, Zr, Sn, Hg, Mn, S04", F', CI', N03, CH3COO',
and by small amounts of SiF?", P04". At low levels Ni,
Cr, Fe, Pb, Co, Mo, and citrate interfere. (C2H52 extraction
ofthe original soln. helped to reduce the interference by some
of these ions. 11 ref.—C. E. A.

+Determination of Small Amounts of Zinc in Aluminium
Alloys: Rapid Electrogravimetric Method Utilizing Isotope
Dilution Technique. Kurt Theurer and Thomas R. Sweet
(Analyt. Chem., 1953, 25, (1), 119-121).—Loss of Zn by co-
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pptn. or mech. means during manipulation or by incomplete
deposition on the cathode during electrolysis is nullified by-
using tho isotope-dilution techniquo and the radioactive
tracer 66Zn.—F. M. L.

¢Determination of Zinc in Zinc-Cadmium Alloys [by
Spectrography, Electrometric Titration, and Polarography],
Walter Schellor and W. D. Treadwell (lltlv. Chim. Acta,
1952, 35, (3), 754-762).—[In German]. Spectrographic Method.
m-Up to 10% Cd in Cd-Zn alloys and sublimates can be deter-
mined, using a spark discharge, a pure Cd rod as the second
electrode, and the Zn lino 4810-5 A in comparison with the
Cd line 4678-2 A, Electrometric Titration.—Tho method can
be employed for soln. having Zn contents down to 5 y/ml,,
when titration is carried out with 10'3fi/-K4Fe(CN)6; Cd
interferes and must bo separated by pptn. as CdS. The
influence of the presence of K+ NH4+ and H2504 on the
accuracy of the results is discussed. Polarographic Method.—
If Cd is previously separated by pptn. with H2S, the Zn
content of soln. contg. down to 0-3 y/ml. can bo determined
polarographically, if a base electrolyte 1-0-5A in jSTHAOH
and NH4Clis used. Tho apparatus and techniques employed
in tho three methods are described in detail; the results
obtained are critically compared.—E. N.

+Spectrophotometric Determination of Zirconium. A. D.
Horton (U.S. Atomic Energy Commission Publ., 1952, (AECD-
3482), 15 pp.).—The procedure is given for the detn. of trace
amounts of Zr, wusing Thoron [l-(o-arsenophcnylazo)-2-
naphthol-3: 6-disulphonic acid] as a colorimetric reagent.
The method covers a range of 10-100 y Zr, measured at a
wave-length of 555 mp. with a precision of 6-3%. F',
P04, CIO.,* must be reduced to low concentration. Fe3t
Ti3+, Tii+, Cr3+, Cr8+, U6+, MoOy- can be present to ~10:1
ratio relative to Zr. The reaction takes place in an unbuffered
acid soln., and NH,OH.HCI is suggested for suppressing the
effect of Fe3+ Sn4+, and Cr042*.—C. E. A.

The lIdentification of Alloys and Stainless Steels by Electro-
graphic Methods. G. C. Clark and E. E. Hale (Analyst, 1953,

12 — LABORATORY APPARATUS,
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78, (924), 145-147; discussion 147-148).—A method is
described for the identification of stainless steels and other
alloys used in chem.-plant construction. Tho constituents
shown on the eloctrogram are identified by a series of spot
tests.—F. M. L.

A Brief Survey of the Development of Electrographic
Analysis, with Special Reference to Recent British Apparatus.
P. R, Monk (Analyst, 1953, 78, (924), 141-144).—A review,
with 17 ref.—F. M. L.

Non-Ferrous Metallurgy [Non-Ferrous Metal Analysis].
M. L. Moss (Analyt. Chem., 1953, 25, (1), 37-41).—A review of
progress in non-ferrous metal analysis, with 118 ref.

—F. M. L.
Recent Developments in Metallurgical Analysis. 11.—
Titrimetric Analysis. 1ll.—Gravimetric Analysis. T.S. West
(Melallurgia, 1953, 47, (279), 45-51; (280), 97-106).—Cf.
ibid., 1952, 46, (278), 313 ; M.A., 20, 592. [II.—] A review,

with 81 ref. [II1.—] A review, with 77 ref.—F. M. L.

Analysis of High-Temperature Alloys by X-Ray Fluorescence.
Ruben M. Brissoy (Analyt. Chem., 1953, 25, (1), 190-192).—
A techniquo using Geiger counters to measure the intensity
of the radiations.—F. M. L.

#The Determination of Trace Elements by Neutron Radio-
activation Analysis. G. W. Leddicotte and S. A. Reynolds
(Amer. Soc. Test. Mat. Bull., 1953, (188), 29-31).—Most
elements when exposed to tho neutron source of a chain-
reacting pile become activated to form artificially radioactive
species which have characteristic types of radiation and rates
of decay. Identification ofthe radiation provides a method of
analysis which has great sensitivity of detection for most
elements and in which there is normally no serious inter-
ference by other elements. Some appn. of the method are
listed and some advantages and limitations briefly discussed.
11 ref.—P. T. G.

Analytical Procedures Based on Complex Formation.
Z. G. Szab6 and M. T. Beck (Analyt. Chem., 1953, 25, (1), 103-
108).—A theoretical consideration.—F. M, L.

INSTRUMENTS, &ec.

(See also “ Testing ” and “ Temperature Measurement and Control ”.)

m[Measurement of Solid/Solid Interfacial Energies. James
B. Hess (Metal Interfaces (Amer. Soc. Metals), 1952, 134-150;
discussion, 150-152).—Experimental techniques that have
been proposed or employed for the measurement of solid/solid
interfacial energies are catalogued and briefly discussed.
The best scheme is considered to be the one of measuring
microscopically tho dihedral angles between intersecting
interfaces in equilibrium; it has obtained both the greatest
experimental use and the most thorough theoretical develop-
ment. Tho technique can be extended to yield abs. inter-
facial energies, and to determine the energy of a sp. inter-
face rather than of a statistical average. 37 ref.—J. S. G. T.

Low-Temperature Test Chamber. (Engineering, 1953,
175, (4546), 332-333).—Describes a self-contained low-temp.
test chamberwhich can be fitted to certain types oftensile and
fatigue testing machines for determining the properties of
materials at temp, down to —196° C. Lig. N, solid C02in a
low-freezing liquid, or ice-H20 coolants may be used. A
coolant-circulation system permits temp, control to within
+2° C—D. K. W.

Gaugemeter for Strip-Mills. R. B. Sims (Engineering, 1953,
175, (4537), 33-35).—Established instruments for continuously
measuring the thickness of strip leaving a mill are of two
classes: (a) the contact micrometer and (6) the radiation-type
gauge. Both have disadvantages of fragility and appreciable
lag in response to changes in thickness ofthe strip. In addn.

the micrometer gauge is not applicable to hot mills, and the
radiation type is very expensive. S. describes a gaugemeter
which overcomes tho disadvantages of these types. The
instrument depends upon the measurement of the work-
roll sotting and loading on the strip mill. The adjustment of
the elect, circuit associated with the instrument in relation to
the characteristics of the mill is discussed, and data are pre-
sented, indicating the accuracy attainable.—D. K. W.

Metals Melted Without Crucibles. E. C. Okress and D. M.
Wroughton (Iron Age, 1952, 170, (5), 83-86).—Cf. O., W.,
Comenetz, Brace, and Kelly, J. Appl. Physics, 1952, 23, 545 ;
M.A., 20, 287. Seealso M.A., 20, 203.—S. R. W.

Erratum: Electromagnetic Levitation of Solid and Molten
Metals. E. C. Okress, D. M. Wroughton, G. Comenetz,
P. H. Brace, and J. C. R. Kelly (J. Appl. Physics, 1952, 23,
(12), 1413).—Two math, expressions derived in tho original
paper (ibid., (5), 545; M.A., 20, 287) are modified. A coil
has recently been made that supported 80 g. of bright molten
Al in a vacuum of 7 X 10'8 mm. Hg.—R. W. C.

Sensitive Recording Alternating-Current Hall-Effect Appar-
atus. E. M. Pell and R. L. Sproull (Rev. Sci. Instruments,
1952, 23, (10), 548-552).—The theories, advantages, and dis-
advantages of various methods used for measuring the Hall
effect are discussed. A new, sensitive apparatus is described,
in which the magnetic field automatically reverses every 6
sec.; full circuit details are given.—E. J.
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Report of [A.S.T.M.] Committee E-1 on Methods of Testing.
(Amer. Soc. Test. Mai. Preprint, 1952, (50), 21 pp.).—
Revisions to the Tentative Methods of Tension Testing of
Metallic Materials (ES-51T) are given. A standard hardness-
conversion table for Ni and high-Ni alloys giving the relation-
ship between D.P.N., B.H.N., and Rockwell hardness numbers,
is recommended for immediate publication as standard. A
proposed tentative method of test for the Diamond Pyramid
Hardness of Metallic Materials describing apparatus, prepn.
of specimens, procedure, and calibration of apparatus is given.
—P. T.G.

#An Investigation of the Plastic Behaviour of Metal
[Aluminium-AUoy] Rods Subjected to Longitudinal Impact.
J. D. Campbell (J. Mechanics Physics Solids, 1953, 1, (2),
113-123).—Apparatus is described whereby stress/strain
curves may be obtained under impulsivo loading. The
stress is produced by means of a falling weight, while tht
deformation is measured by strain gauges and displayed on
an oscilloscope. Calibration methods are described, and the
results of tests on an Al-2% Mg-.{-% Mn alloy are given.
Under dynamic conditions the 0-1% P.S. is raised 15% abovo
the value in a static test—E. 0. H.

+Influence of Testing Frequency on the Fatigue Strength of
Steels and Light Alloys. Th. Wyss (Amer. Soc. Test. Mat.
Bull., 1953, (188), 31-34).—The fatigue strength for 108
cycles was determined for several different grades of C and
alloy steel at 350 and 10,500 c./min. and for four Al alloys at
350 and S000 c./min. The Al alloys approximated to 17S-T,
24S-T, 75S-T, and 51S-T. The tests were carried out undor
fluctuating axial tensile stress with min. stress zero. Fatiguo
strengths at higher frequencies were only slightly greater
than at low frequencies, except for one grade of low-C steel
and the Al alloy high in Zn, where the difference was 3-1%.
It is pointed out that tests at higher frequencies result in
considerable economy of time. The equipment used is
briefly described.—P. T. G.

How Can We Appraise Metals for High-Temperature
Service? Thomas J. Dolan (Metal Progress, 1952, 61, (3),
55-60).—-The factors affecting fatigue strength are enumerated,
and a comprehensive discussion of the fatiguo of metals at
elevated temp, is given. The importance of correctly
evaluating stress history isindicated. The various laboratory
testing teclmiques are enumerated, and their resp. short-
comings are discussed. A testing machine capable of super-
imposing an alternating load on a steady load, and another
machine capable of superimposing an alternating bending
on a steady bending stress are mentioned. The effects of
stress-raiscrs aro discussed.—R. P. H. E.

Which Method to Evaluate Surface Roughness? Irwin
Goldman (Materials and Methods, 1952, 36, (6), 89-93).—The
methods reviewed include photomicrograph, plastic replica,
surface analyser, microscopic, and other special methods of
the evaluation of surface roughness. The special methods
include the electron-microscope method, electron-diffraction
method, parallel-plane clearance method, gas and liquid
adsorption methods, and the electrolytic method. The
microscopic method is preferred, as it is said to give the most
revealing information even with the subtlest surface charac-
teristics.—R. P. H. E.

+Microscopic Observation of the Skin Structure of Finished
Surfaces. |.—Measurement of Superfinished Surfaces.
Atsushi Inoue and Sueko Mori (J. Mesh. Lab., Tokyo, 1952,
6, (5), 175-178).—[In Japanese], An experimental technique
for observing the microstructure of stressed skin surfaces
(of worked steels contg. 0-1-0-9% 0) by using an oblique
section is described. The skin structure of superfinished
surfaces, 1-2 p thick, has been checked by the technique.

—Authors.

Pneumatic Gauging Applied to the Measurement of Surface
Finish. M. Graneek and H. L. Wunsch (Engineer, 1952,
194, (5043), 387-389).—G. and W. describe an instrument

designed to fill the gap between the expensive stylus recording
instrument, and the comparison block methods for measuring
surface roughness. Variations in flow of air escaping from
an orifice held against the surface under test, are detected by
a sensitive pneumatic comparator. Two types of com-
parator arc described, and the design of orifice and the
significance of various wave-forms on the surface under test,
are discussed.—D. K. W.

Null Method of Measuring Periodic Strains. J. H. Little-
wood and 0. Maskery (Engineering, 1953, 175, (4546), 350-
351).—Describes an electronic method for measuring periodic
strains such as aro encountered in fatigue testing. The
circuit compares the dynamic and static components of strain
with the static strain in a calibrating beam, by a system of
strain gauges. A good accuracy has been maintained whilst
eliminating the need for highly stabilized voltage supplies.

—D. K. W.

Testing Today and Tomorrow. E. G. Tatnall (Metal
Progress, 1952, 61, (1), 64-67).—The appn. of electronics in
testing equipment is indicated, and an attempt is mado to
forecast how such devices may help to attain future needs.
The original use of strain gauges in impact testing is discussed,
and the use of strain gauges in creep and fatigue testing is
indicated. Non-destructive testing is briefly mentioned,
and ref. is made to A.S.T.M. Tech. Publication No. 112, which
classifies 12 basic test methods. Finally, the factors which
modify basic strength data aro given.—R. P. H. E.

Ultrasonic Detector Reveals Flaws. W. J. Stirling (Canad.
Metals, 1952, 15, (10), 58, 60, 62-63).—W. A. M. P.

Ultrasonic Examinations of Weldments and the Establish-
ment of Safe Acceptable Limits for Defects. Frank C. Parker
(Non-Destructive Testing, 1953, 11, (3), 12-20).—Illustrated
examples are given to indicate the scope of ultrasonic
inspection of castings and welds. In the absence of standards
of acceptance for the ultrasonic inspection of welds, P. has
used the existing A.S.M.E. and A.S.T.M. weld-acceptance
codes as a basis. A curve is given relating height of the
ultrasonic (shear wave) trace to the cross-sectional area of
the residual metal for J in. steel. Defects in castings and
forgings are more readily assessed by ultrasonics than are
those iir welds.—L. M.

Quality Control Applications of Non-Destructive Tests in
the Airframe Industries Which Will Effectively Lower Pro-
duction Costs. B. W. Clawson (Non-Destructive Testing,
1953, 11, (3), 25-27).—In reviewing non-destructive testing
as a feature of quality control, C. quotes examples indicating
how: (1) prodn. costs wore reduced; (2) better products
resulted, and (3) spectrography saved time in chem. analysis.
C.’s firm has written the appropriate non-destructive testing
schedule into prodn. drawings and has provided acceptance
standard radiographs to guide their radiologists in casting
acceptance.—L. M.

Commercial Interpretation of Magnetic-Particle Tests
Correlated with Radiography and Physical Tests. A. F. Cota
and J. J. Chyle (Non-Destructive Testing, 1953, 11, (3), 34-
40).—An illustrated account is given of a comparison of
radiography and magnetie-particle inspection applied to
welds. It is concluded that: (1) radiography detected all
the defects investigated ; (2) radiography takes longer than
magnetic-particle inspection; (3) the magnetic method is
most suitable for detecting surface defects but can detect
defects existing two or three weld layers deep; (4) for good
magnetic inspection the surface should be free of surface
irregularities, slag, and spatter ; (5) neither method is self-
sufficient, nor aro they sufficient as co-ordinated inspection
in all cases ; and (6) acceptance standards should be correlated
with destructive tests and actual loading.—L. M.

Industrial Fluoroscopy. D. T. O’Connor (Non-Destructive
Testing, 1952, 11, (2), 11-22).—The 1952 Mehl lecture to the
Society for Non-Destructive Testing. Fluoroscopic inspection
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is critically and extensively reviewed with particular ref. to:
(1) its scope and limitations; (2) sensitivity of defect detec-
tion; (3) effect of object movement during inspection; (4)
effect of scattered radiation ; (5) image definition; (6) merit
of Bo window in the X-ray tube; (7) screen brightness in
relation to defect detection, tube current, and kilovoltago;
(8) design of equipment for handling castings during
fluoroscopy; and (9) its merits relative to radiography.
O’C. confirms that roughly 15% of the casting defects de-
tected by fluoroscopy are missed by radiography, and that
fluoroscopy cannot compete with radiography if extreme
sensitivity for the smallest defects is required. Rof. is mado
to an improved fluoroscopic technique in which the screen

15—Foundry Practice and Appliances
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imago and the specimen are visible simultaneously, the latter
being illuminated by rod light.—L. M.

Semi-Empirical Equations for the Spectral Energy Dis-
tribution in X-Ray Beams. C. Robert Emigh and Lawrence
R. Megill (Non-Destructive Testing, 1953, 11, (3), 30-33).—
Data from filtration curves for 37-7 and 50-7 kV. (peak)
X-rays have been matched to a Laplace transformable
equation to an accuracy > 1% ; and thereby spectral energy
curves for these radiations have been calculated, with an
estimated accuracy of 5% of the max. value. The max.
value of/(X) occurs at wave-lengths of 0-55 and 0-45 A., resp.,
for 37-7 and 50-7 kV. (peak) X-rays. The methods of
calculation and measurement are described.—L. M.

15 — FOUNDRY PRACTICE AND APPLIANCES

Light Metal Castings for Aircraft Structures. Keith F.
Finlay (Metal Progress, 1952, 61, (1), 81-83).-—The lack of
progressive design in the light alloy casting field is attributed
to the conservative attitude of designers. It is pointed out
that although Ti is considered by some to bo the paragon of
metals, its d is twice that of the Al alloys 24S and 75S, and ref.
is made to some damaging characteristics associated with the
fabrication of Ti which will limit its appn. The high quality
of Gorman foundry technology is acknowledged, and the use
of Mg castings in the as-cast rather than in the wrought and
heat-treated condition, in enemy aircraft, is emphasized.
The advantages claimed for the use of castings are their
dimensional accuracy, the elimination of machining, the
freedom from residual stresses, heat-treating cracks, warpage,
&c.—R. P. H. F.

The Impending Revolution in [Aluminium Alloy] Casting
Processes. H. H. Harris (Metal Progress, 1952, 61, (3), 65-
69).—H. reviews the recent developments in the foundry, and
states that although aircraft designers allow approx. 33,000
Ib./in.2 U.T.S. for Al sand castings as compared with 70,000-
75,000 |Ib./in.2 for Al forgings, advanced casting processes in
commercial prodn. are producing Al castings with U.T.S.
>60,000 Ib./in2, Y.P. >50,000 Ib./in.2, and elongation of
10%, thus approx. equallingthe values obtainable with forgings,
with the inherent advantages of castings. The developments
in casting techniques discussed include casting under pressure,
casting out of contact with air, steam, hydrocarbons, refrac-
tory sands, and the accurate control of metal temp, through-
out the casting process. Attention is drawn to the fact that
no casting can be dimensionally more accurate than the
pattern or the machines employed in mould prodn., and
therefore the necessity for greater precision in tooling and
accuracy of pattemmaking is stressed.—R. P. H. F.

Aluminium Pressure Die-Casting Dies : Their Failure by
Surface Cracking. H. J. Sharp (Metal Ind.. 1953, 82, (8),
141-143; (9), 164-166; (10), 1S1-184).—By far the mast
common failure of die-casting dies is characterized by the
appearance of a network of surface cracks extending over the
casting faces. These cracks are usually referred to as “ heat-
checking ”, *“ crazy-cracking ”, or “ die-crazing”. S. in-
vestigated the mechanism of failure and the variables involved
in the casting process, compared the main types of steel used,
and described the heat-treatment procedure. He concludes
that a die life of 200,000-500,000 Al castings can be obtained
by carburizing the dies at their casting faces and heat-treating
them to a surface hardness of 50-55 Rockwell C, providing
that correct operating methods are used. Final failure of
such dies will bo by corrosion-fatigue.—J. H. W.

Secondary Aluminium: And No Apology 1 M. J. Davison
(Canad. Metals, 1952, 15, (11), 74, 76).—The use of secondary
Al in the foundry industry is discussed. D. regrets the use
of the term “ secondary ” —W. A. M. P.

An Unusual Tin Bronze Casting. Harold J. Roast (Metal
Progress, 1952, 61, (3), 76-78).—R. describes a visit to a large
American factory and the plant used for the prodn. of a
20,000-Ib. pump casing in a Sn bronze ofthe following compn.:
Cu 90%, Sn 8%, Pb 2%. The 30,000-Ib. charge is melted in

4 hr.in aroverberatory furnace; nodeoxidizing isaccomplished
in the furnace, but 2 oz. of 15% phosphor-Cu is placed in the
ladle beforo pouring, for deoxidation. Tho tapping and
pouring temp, are 2280° F. (1250° C.) and 2160° F. (1180° C.),
resp. Tho mould is mado of silica sand bonded with 12%
Portland cement and 6% w'ater. Cast Fe chills 2 in. thick are
placed in tho drag to control local cooling rates. A test-bar
from tho casting gave Y.P. 20,000 Ib./in,2 U.T.S. 30,560 Ib./
in.2 and 3% elongation.—R. P. H. F.

¢Influence of Aluminium on Properties of Cast Gun-Metal
and Removal of Aluminium by Slag. Ake V. Larsson (Trans.
Amer. Found. Soc., 1952, 60, 75-82; discussion, 82-83).—
Disc castings and D.T.D. test-bars were used to study the
effect of Al on pressure-tightness and mech. properties of
83:6 :5:6 gun-metal. Both properties deteriorate rapidly
when A exceeds 0-01%. By adding 1-5% of flux, consisting of
NaF 30, CaF 20, Na3AlFc 20, Na, S04 20, and Xa,C03 10%,
Al can be reduced from 0-3 to <0 01% in the alloy.—Y. K.

Melting and Casting Aluminium Bronzes.—I.-H. James
G. Dick (Canad. Metals, 1952,15, (12), 36, 38 ; (13), 32, 34, 36).
—[1.—] Melting practice isbriefly discussed. [Il.—] Shrinkage,
alloy compn., heat-treatment, and tho effects of other elements
in the alloys are similarly discussed. W. A. M. P.

Light Alloys’ Modem Foundry. (Canad. Metals, 1952,
15, (11), 52-54).—Canada’s largest Mg foundry is described.

—W.A. M. P.

Biggest in Canada: Domal’s New Magnesium Foundry.

(Modem Metals, 1952, 8, (10), 52-53). A description is
given of a new Mg foundry; a particular feature is the sand-
handling facilities.—R. J.

Titanium and Zirconium Casting Now Practicable. W. E.
Kuhn (Materials and Methods, 1952, 36, (6), 94-95).—The
vacuum-casting and pressure-casting methods of producing
heavy rods and precision parts in Ti and Zr are reviewed.
The use of inert-arc melting of the required alloy on a water-
cooled Cu hearth, followed by casting into graphite or Cu
moulds, is described. Precision castings and rods up to 7 in.
in length and varying in dia. from J to J in. are illustrated.
The possible fields of appn. of the inert-arc melting process
and the commercial prodn. of small complex parts by this
method are discussed.—R. P. H. F.

How to Increase Your [Zinc] Die-Casting Output? L. F.
Spencer (Iron Age, 1953, 171, (2), 93-98).-—S. discusses the
proper selection and heat-treatment of die steels for Zn
die-casting. This is governed by the type of die-casting metal
and its m.p., and if carefully made can keep heat checking and
metal wash of dies at a mm. Xitriding improves die life and
prevents the sticking oftho casting to the die cavity.—J. H. IV.

#Practical Consequences of Space, Time, and Temperature
Relations During Casting of Metals. J. S. Abcouwer (Trans.
Amer. Found. Soc., 1952, 60, 90-100).—Fourier’s equations of
heat flow are applied to the problem of heat flow in sand
moulds. A method of applying the results obtained to
dimensioning of risers is outlined. 24 ref.—V. K.

¢A Test for Hot-Tearing Tendency. E. A. Lange and
R. W. Heine (Trans. Amer. Found. Soc., 1952, 60, 182-
195; discussion, 195-196).—A hot-tear testing device was
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constructed which allows tho combined effects of hot strength,
ductility, and contraction to he measured. The test-bar is
cast into n core-sand mould, one end of the bar being fixed,
whilst the other is attached to a spring and dial through a
water-cooled stud. Full dimensional details of design of
tho apparatus which was found suitablo for studying hot
tearing of cast Fo arc given. The test could bo readily
modified for other alloys.—V. K.

Feeding Heads.—I.-1l. M. R. Hinchcliffe (Metal Ind.,
1953, 82, (3), 43-46; (4), 67-70).—H. first examines the
grounds underhung tho detn. of the proportions of ordinary
feeding heads. The methods whereby tho amount of feeding
head can bo reduced without interfering with tho efficacy of
feeding resolvo themselves into the provision of thermal
insulation bv matorial other than surplus lig. metal. Such
materials fall into three broad classes: (1) purely insulating
material, such as gypsum; (2) exothermic chom. mixtures
that generate heat on contact with the lig. metal and deposit
a quantity of new superheated lig. ferro- or other alloy as a
product of tho reaction, such as “ llisotherm ”; and (3)
similar materials that do not modify tho quantity or quality
of the feed metal and provide a high degree of insulation
after the reaction has ceased, such as *“ Fecdex H.
describes tho appn. of the material in the last category in
conjunction with a nock-down technique for feeding heads.

—J. H. W.

Special Mixture Overcomes Feeding Problem. ------ (Canad.
Metals, 1952, 15, (10), 30-32).—Light-alloy casting feeder
heads may bo kept molten for a prescribed time by the use
of “ Feedox ” mixture. Tho size of tho feeder head is
therefore reduced, and several other advantages are claimed.

—W. A. M. P.

Risering Castings: A Progress Report for 1948-1951.
J. B. Caine [Trans. Amer. Found. Soc., 1952, 60, 16-22).—Cf.
Amer. Foundryman, 1952, 21, (4), 143 ; M.A., 20, 205.—V. K.

*A Study of the Principles of Gating as Applied to Sprue-
Base Design. K. Grube, J. G. Kura, and J. H. Jackson
(Trans. Amer. Found. Soc., 1952, 60, 125-136).—Different
types of transition from the downrunner to the runner bars
were studied in relation to the degree of turbulence created
by the flow of water in lucitc moulds. The appn. of a well
basin at the bottom end of the downrunner was most effective
in reducing the turbulonce and aspiration. The optimum
cross-section of the well is 5 times the downrunner area, and
its depth is equal to the depth of the runner bar. This area
can be made smaller with larger gating ratios, i.e. with down-
runner area to runner-bar area 1:2, or larger.—V. K.

Gases and Naturally Occurring (Congenital) Blowholes in
Foundry Practice. Albert M. Portevin (Trans. Amer. Found.
Soc., 1952, 60, 109-124).—The laws and data of solubility of
gases in metals and alloys are reviewed. Tho appn. of such
basic knowledge to tho problems of gas porosity in castings
and degassing of metals is discussed at length.—V. K.

An Appraisal of the Shell Moulding [Croning] Process.
Harold J. Roast (Metal Progress, 1952, 61, (4), 71-74)—Cf.
M.A., 20, 658.—R, P. H. F.

The Shell Moulding Process. F. L.
Metals, 1952, 8, (3), 28-30, 31-33).—R. J.

Low-Cost Shell-Moulding Machine. (Modem Metals,
1952, 8, (10), 55-59).—A new simple shell-moulding machine

Church (Modern

17 — FURNACES, FUELS,

Advantages and Disadvantages of Light-Metal Melting
Equipment. Hiram Brown (Amer. Foundryman, 1952, 22, (6),
36-41).—Fuel and elect, furnaces are discussed.—V. K.

Rotary Melting Furnaces: Some Results Obtained from an
Interesting Type of Equipment. (Canad. Metals, 1952,
15, (12), 40).—W. A. M. P.

Design of an Oil-Fired Galvanizing Furnace. William D.
Bawden (Wire and Wire Products, 1953, 28, (2), 151-154,
222).—A paper delivered to the Wire Association, in Cleveland,
Ohio. The designer’s objects were efficiency, longest possible
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has been developed for use in the small jobbing foundry.
Its main features are: (1) flexibility, (2) low cost of con-
struction, and (3) efficiency.—R. J.

Design and Production of Shell-Mould Patterns.
(fron Age, 1952, 170, (24), 172-174).—The design of shell
mould patterns involves intricate problems because of the
severe heating and cooling cycles. Results of experience
with various prodn. patterns aro reviewed. With special
heat-treatment, anodizing, and new parting agents, Al can
bo used with advantages over cast Fe, particularly where
machining is necessary. Plates 16 X 24 in. in size have
been made to within 0 0015-0 0020 in. tolerance and the
warpage eliminated by increased section and strain relieving.

—S. R. W.

Sand Control, with Particular Reference to the Prevention
of Scabbing. W. B. Parkes (Trans. Amer. Found. Soc.,
1952, 60, 23-37; discussion, 37).—The incidence of scab
defect in sand moulds is explained in terms of the expansion
characteristics of tho moulding-sand mixture. By either
sand grading or special addn. (coal dust, wood flour, ashestos
fibre) tho effective plasticity of sand surface at high temp,
is increased and the formation of scabs reduced or eliminated.
13 ref.—V. K.

Practical Aspects of Olivine as a Moulding Material.
Sissener and Bjorn Langum (Trans. Amer. Found. Soc.,
1952, 60, 38-42 ; discussion, 43).—Cf. Amer. Foundryman,
1952, 21, (4), 138; M.A., 20, 206.—V. K.

*Study of the A.F.S. Fineness Test. H. A. Stephens
(Trans. Amer. Found. Soc., 1952, 60, 53-67; discussion,
67).—Fine sands of different grading were sieved using
A.S.T.M. and B.S.S. sieves with different types of sieving
machines. The sieving value was found to be mainly affected
by the characteristics of the sieve material, size of the sample,
and time of sieving. |If the sieving test is standardized, it
could be used for calibrating unknown sieves under different
sieving conditions.—V. IC.

John

*Heat Flow in Moist Sand. [—Il.] Victor Paschkis
(Trans. Amer. Found. Soc., 1952, 60, 163-168; discussion,
168).—Cf. ibid., 1951, 59, 381; M.A., 20, 294. The effect

of 4 and 6% moisture content in sand on the rate of heat
transfer in comparison to dry sand was determined for
the mould surface temp, of 2000° and 2600° F. (1095° and

1425° C.). For 2000° F. the ratios of heat extracted during
the first min. aro: dry:7% :6% = 1:1-21:1*16, while
for 2600° F. = 1: 1-19: 1-11. This ratio falls off during the

subsequent periods so that the solidification time of thin
castings only will be affected by the moisture content.

Role of the Research Foundry Unit. G. A. Lilliegvist
(Trans. Amer. Found. Soc., 1952, 60, 6-15; also Proc. Inst.
Brit. Found., 1952, 45, A34-A44; discussion, A45-A47,
Found. Trade J., 1952, 93, (1875), 145-151; (1876), 187-191;
discussion, (1877), 217-219; Foundry, 1952, 80, (10), 11-4—
119, 258, 260, 262, 264).—An example of organizing a
foundry research laboratory is described. For illustration a
number of research investigations which have led to improve-
ments in foundry processes aro given. Fluidity measure-
ments, hot tears, deoxidation, and special addn. to the melt
aro quoted. 7 ref.—V. K.

Die-Casting. (Herb). See col. 815.

AND REFRACTORIES

pot life, a low dross prodn., the avoidance of hot spots, and
ease of furnace operation. B. describes how the design for
a furnace with a working load of 300-2000 Ib./hr. is evolved
from a basis of 20 Ib. Zn/lb. of prodn. Temp, are controlled
automatically at 840° F. (450° C.). 6 ref.—C. P. F.

[High-Vacuum Furnace for] Metal Alloying. (Elect.
Rev., 1952, 150, (3873), 355-356).—A short description is
given of a high-vacuum furnace developed by Gerdtebau-
Anstalt Balzers, Liechtenstein, for the melting and casting
of special alloys.—S. R. W.
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Continuous Furnace for Fast Annealing of Tinplate. M. D.
Stone and E. A. Randich (Hetal Progress, 1952, 61, (2),
62-66).—The tower-type furnace described consists of four
34-ft. vertical passes for heating and eight 38-ft. passes for
holding and cooling. A controlled atmosphere is provided
in the furnace and also a chem. strip cleaning plant im-
mediately ahead of the annealing furnace for the removal
of oil before annealing. With cold reductions of from 80 to
90% annealing temp, of 1250°-1350° E. (675°-730° C.) are
satisfactory as compared with 1750° F. (955° C.) for reductions
of 55-65%. The capacity of the plant is claimed to be
30 tons/hr. of 00075-0 015-in.-thick strip, 18-37 in. wido,
travelling at speeds of 1000 ft./min.—R. P. H. F.

Magnethermic Induction Billet Heaters. (Modern Metals,
1952, 7, (12), 36-37).—The use of L.F. induction heating
methods is increasing rapidly in the U.S.A. The main use
is for pre-heating extrusion billets of Al, but other uses are
for heating slugs for forging, for Cu and Mg alloys, and in
some cases for steel. —R. J.

Saturable Reactor Control of Electric Furnaces.—I. R. M.
Sills (Indust. Healing, 1952, 19, (4), 608-610, 612, 614, 616,
618, 620, 622, 628).—The process of development of saturable
reactor furnaco controls is reviewed and the advantages of the
method indicated. The improved control obtainable gives
a specially uniform temp, control and prevents cycling. The
use of proportional power control in the processes of Al
brazing and motal-powder sintering is described. Temp,
accuracies of +5° F. (2-5° C.) are claimed for tho method.
Continuous radiant heating can be usefully controlled by
saturable reactors. A large proportion of the installations
are for continuous heating processes where rapid accurate
heating is essential, e.g. strip heating.—D. M. L.

+Centrifugal Furnaces [Actuated] by the Accumulation of
Solar Energy. Félix Trombe and Marc Foéx (Com.pt. rend.,
1952, 235, (11), 571-573).—T. and F. describe the construc-
tion and operation of a solar energy furnace in which are
combined the advantages of working without a crucible with
those of heating in a calorifuge, which even at high temp, is
practically isothermal and in respect of absorbed and trans-
mitted radiations behaves like a black body. The furnaces
have a capacity of 300-1000 c.c. of metal (Al, Duralumin,
Fe, &c.) and rotate at between 200 and 5000 r.p.m. The
circular face opposite to tho axis of rotation has an 18-mm.
hole in the centre through which tho radiation is focused by
a 2-m. parabolic mirror.—J. H. W.

+0n the Construction of a Semi-Industrial Solar Furnace at

the Mont Louis Laboratory (Eastern Pyrenees). Félix Trombe
(Compt. rend., 1952, 235, (14), 704-705).—Tho construction
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of a solar furnaco with a working temp, of 2900°-3000° C. and
capable of melting 60 kg./hr. of Fe, is described.—J. H. W.

+Some Details of the Setting-Up of the Semi-Industrial Solar
Furnace at Mont Louis. Félix Trombe (Compt. rend., 1952,
235, (20), 1211-1213).—T. gives details of the setting-up of the
90 m.2paraboloid in relation to the solar furnace.—J. H. W.

#Properties of Some Niobium Oxide Basic Ceramics. E. A.
Durbin, H. E. Wagner, and C. G. Harman (U.S. Atomic Energy
Commission Publ., 1952, (BMI-792), 15 pp.).—Experiments
were made on Nb205 and certain compn. of binary mixtures
with A1203, Zr02 MgO, and Ti02 Tho materials wore wet
milled for 20 hr. hi a neoprene-lined ball mill, using Burundum
cylindrical grinding media. Tho milled product was dried,
screened, and pressed into compacts, which were calcined,
crushed, and screened. Test specimens were made from the
powder by pressing hydrostatically at 100,000 Ib./in.2 and
sintering in air in tho range 1345°-1495° C. Tho sintered
products wore sound, having apparent porosities in the range
5-16%, and were characterized by low thermal expansions,
low E, and largo increases in strength combined with small
increases in E witli increasing temp. Tho mean coeff. of
linear thermal expansion in the temp, range 25°-500° C.
varied from 1-05-4-82 x J0"6/°C. for the binary mixtures
compared with —0-61 X 10'8°C. for pure Nb20s.—B. W. M.

¢The Measurement of Thermal Conductivity of Refractory
Materials. F. H. Norton and IV. D. Kingery (U.S. Atomic
Energy Commission Publ., 1952, (NYO-602), 40 pp.),—The
thermal conductivities of Ti02 mullite, and ZrO, were
measured in the range 200°-1400“ C. by the ellipsoid envelope
method and of A1,03 BeO, and MgO to 1800° C. by employing
H.F. heating. A new derivation of tho heat flow equations for
ellipsoidal specimens and calculations of the effect of porosity
are given. Tho conductivity of Ti0O2 having a bulk d of
4-11 g./c.c. decreased from 0-011 eal./sec./°C./.cm2/cm. at
200° C. to —0-0075 at 1200° C., that of mullite from 0-012 at
200° C. to —0-008 at 1400° C., and that of Zr02 (bulk d, 3-69 :
total porosity, 19-1%) from 0-01 at 200° C. to —0-008 at
1400° C. The temp, dependence of conductivity for A1,03,
BeO, and MgO are given by tho equations, k = 17-0/2' -j-
3 X 10-22"> (A1203 range 273°-2073°K.), k = 20-3/2' +
3 x 102928 (MgO, 273°-2073° K.), and k = 58-2/T +
3 X 102928 (BeO, 1073°-2073° K.). A min. conductivity
followed by a sharp rise above 1600° C. for these materials is
believed to be due to the radiant transmission by the specimens,
which were all found to be translucent. The effect of this
translucency is analysed, and it is considered that above
1600’ C. radiation shield insulation and opaquo insulators will
become rapidly more efficient than translucent insulators as
tho temp, increases.—B. W. M.

19 — WORKING

Extruding Aluminium in Giant Presses. T. F. McCormick
(Modern Metals, 1952, 8, (11), 54, 56-57).—McC'. discusses
the wuse of 13,200-ton extrusion presses for Al alloys.
Problems of large-capacity presses are discussed, together with
some of tho special features, e.g. the prodn. of stepped and
tapered sections.—R. J.

W hat You Should Know About Stretch-Forming [of Alumin-
ium], E. V. Sharpnack (lron Age, 1952, 170, (7), 138-140).—
The advantages and disadvantages, and the technique of
stretch-forming of Al are briefly given.—S. R. W.

The Mass Production of a Motor Car Cowl [in Aluminium-
13% Silicon Alloy]. Charles Roinet (Rev. Aluminium, 1952,
(188), 186-195).—An illustrated account of the prodn. of this
unit by machine moulding. Its finished weight is 60 kg. in
the Al-13% Si alloy (A-S13), and it meets an overall tolerance
of +2 mm.—A. W. B.

How Oak Ridge Machines Beryllium. J. N. Case and E. R.
Watkins (Machinist (Eur. Edn.), 1953, 79, (6), 221-225).—
C. and W. describe the special precautions taken to protect
workers for tho U.S. Atomic Energy Commission in the finish
machining of Be and give the latest information on deep-hole
drilling, milling, and other machining operations.—J. H. W.

Why the 250-Ib. Copper Wire-Bar ? (Metal Ind., 1953,
82, (5), 83-85; (6), 101-102).—It is suggested that the Cu
wire industry should work on a larger scale. The effects of
this on the wire-drawing operations and the manner in which
the industry has grown in Britain, Australia, and the U.S.A.
are discussed. The advantages and disadvantages of siting
rod mills at refineries are set out. On balance it is considered
likely that standard bars much heavier than 250 Ib. will one
day be made. 30 ref.—J. H. W.

+Drop-Hammer Forming Magnesium Sheet. F. L. Cocnen
(Modern Metals, 1953, 9, (1), 33-34 ; 36-37).—C. describes the
results of an experimental programme designed to investigate
problems in the drop-hammer forming of Mg sheet. Factors
studied were time and temp, limits which produce max.
formability with min. loss of structural properties, heating
and forming equipment, tooling and lubrication, and tolerances.
Practical recommendations are given based on this
experimental work.—R. J.

Magnesium Castings Drilled, Reamed, C’Bored at High
Speed. W. G. Patton (Iron Age, 1952, 170, (23), 162-164).—
A new in-line automatic machine performs 200 drilling,
reaming, and countersinking operations on a Mg alloy casting
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in 8 min. Tho machine operates on two faces of the casting,
which is held on to a double roller chain by toe clamps. The
chain carries the casting from station to station by operation
of a series of relay switches.—S. R. W.

Forging Titanium. R. Bullock (Modern Metals, 1953, 9, (1),
4G-48).—Describes the forging of a 200-1b. compressor wheel
made in a Cr-Fe-Ti alloy, and various other forgings such as
aircraft pistons, wheel forgings, gears, &c.—R. J.

Cold Forming Titanium. J. W. Gullikson (Modern Metals,
1953, 9, (1), 48, 52).—G. describes his experiences in the deep
drawing and shallow forming of Ti. Reductions of 35-40%
were obtained. Surface prepn. such as Bonderizing, anodiz-
ing, &c., was necessary to prevent die roughening and galling.

—R, J.

Titanium Can Be Deep Drawn. J. IV. Gullikson (Iron
Age, 1953, 171, (7), 136-139).—The chief difficulty in deep
drawing commercially pure Ti sheet is scouring duo to the
pick-up of Ti particles. This has been partly overcome by
Bonderizing before appn. of a high-prossuro lubricant and
also by electrolytic treatment. Reductions as high as 38%
have been obtained on 0 078-in. sheet in ono draw.

—J. H. W.

How to Grind Titanium? Leo P. Tarasov (Ilron Age, 1953,
171, (7), 335-346).—T. gives the latest information on grinding
Ti which makes the process a little easier than grinding high-
speed steel.—J. H. W.

Spun and Drawn Zinc Parts Have Many Applications.
Ernest V. Gent (Materials and Methods, 1952, 36, (6), 102-
104).—The requirements for the spinning and drawing of
a variety of Zn parts are given, and the methods of finishing
are briefly mentioned. Reductions/draw, tolerances, and
lubricants used in drawing are discussed.—R. P. H. F.

Extrusion with Glass Lubrication. H. W. Perry (Metal
Ind., 1953, 82, (5), 87-88).—The use of glass lubrication for
extruding ferrous alloys in France reduces damage to dies.
It is suggested that this technique should be applied to the
extrusion of non-ferrous metals and alloys.—J. H. W.

12,000-Ton Forging Press. (Engineer, 1953, 195,
(5067), 347-349; also Engineering, 1953, 175, (4545), 301;
Light Metals, 1953, 16, (180), 95-96; Metal Ind., 1953, 82,
(11), 201-205; Metal Treatment, 1953, 20, (90), 110, 112;
Aircraft Prodn., 1953, 15, (174), 124-125; Shipbuilder, 1953,
60, (536), 210).—A description of the 12,000-ton hydraulic
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forging press installed at the Redditeh Works of High Duty
Alloys, Ltd.—D. K. W.

Roll-Size Effects in Rolling of Strip. N. H. Polakowski
(Metal Progress, 1952, 61, (2), 67-71).—Cf. M.A., 19, 876.
The soln. to the following problems namely—does roll dia.
limit tho max. reduction and the min. thickness of strip
during cold rolling, and secondly, does roll dia. affect the
power requirements for thin strip, aro presented. The soln.
to the first problem is stated to bo that for equal drafts the
contact length decreases when roll dia. is reduced, and there-
fore the thickness to which tho final strip can be rolled is also
reduced in approx. the same proportion. The contact area
consists of an active and an inactive portion. Thus tho soln.
to tho second problem is stated to be that by increasing roll
dia. tho inactive portion can be considerably increased, but
the active length is not greatly affected by change in roll
dia., and thus the active Icngth-to-thickness ratio is virtually
independent of roll dia. Hence tho power requirements do
not depend on roll dia., whereas strip thickness doe3.

—R. P.H.F.

Strip Rolled to 00002 in. on New Small Mill. Robert L.
Stockus (lron Age, 1952, 170, (10), 156-159).—A small
Sendzimir mill, ZR32-4, which will cold roll elect, alloys to
0-0002 in., is described.—S. R. W.

Advances in Machining and Cutting Operations. Taylor
White (Metal Progress, 1952, 61, (1), 84-86).—Tho develop-
ments in tool steels since 1890 are reviewed. Tho advent of
WC cutting tools is claimed to have revolutionized the
machining of the hard alloy steels. Advances in powder
metallurgy resulted in the use of TaC and BC powders
embodied in WC tools. The development of new machines
and teelmiques resulted from advances in four main fields,
namely dies, equipment, met. control, and design. The
need for mass-prodn. methods is said to have resulted in
the improvement of the machinability of materials either by
the addn. of alloying elements, or by their mech. and thermal
treatment before machining. Tho appn. of special coatings
to deep-drawing stock is mentioned. The improvements
both from tho mech. and met. points of dew are claimed to
be unlimited.—R. P. H. F.

Unorthodox Methods oi Machining Hard Materials. P.
Grodzinski (Metallurgia, 1953, 47, (279), 34-38).—A review,
with 29 ref.—F. M. L.

20— CLEANING AND FINISHING

(See also “ Protection ” and “ Electrodeposition ”.)

The Finishing oi Aluminium and Its Alloys. A. P. Fcnn
(Metallurgia, 1953, 47, (280), 70-72, 90).—A review.—F. M. L.

Pickling and Bright-Dipping of Copper and Copper-Rich
Alloy Components. E. E. Halls (Electroplating, 1953, 6, (2),
43-50).—A review of acid treatments for Cu and Cu-rich
alloy's for removing superficial oxide or the prodn. of a
relatively bright appearance without attacking the base
metal. The problem is approached -with special ref. to the
formulation of recommended procedures for the wide range
of Cu-rich materials passing through the plating shops of
engineering factories or to trade platers. H,SO_,; ILSO,-
Na2Cr207; H2S04HNO3; HC1; and HNO3H2504H3P04
soln. are considered; special treatments are recommended
for nickel silvers, Al bronzes, and Cu-Be alloys. Finally',
figures are given showing the rate of attack of many of the
acid soln. on some Cu-rich alloys.—H. A. H.

American Practice in Finishing Zinc-Base Die-Castings;

Productivity Team Report. (Electroplating, 1952, 5,
(12), 409-410).—H. A. H.
Metal Cleaning and Finishing Since the War. Vernon A.

Lamb (Metal Progress, 1952, 61, (1), 76-80).—The progress

that has been made since the end of the war in the fields of
fundamental research and development in metal cleaning
and finishing is reviewed. The availability of radioactive
tracers and their appn. to problems of current and metal
distribution, the mechanism of Cr plating, &c., aro discussed.
Advances in chem. and eloctrochom. methods for achieving
bright finishes, including chem. dip polishing, electropolishing,
and the periodic reverse current process aro mentioned.
The work of a number of people on an improved Cr-plating
soln. called the high-speed solf-rcgulating soln. is cited.
Tho plating and protection of Mg is discussed. New instru-
ments for measuring tho thickness and adhesion of electro-
deposits, hot hardness, and surface tension are briefly
mentioned.—R. P. H. F.

Laundering Applied to Metals. (Canad. Metals, 1952,
15, (12), 58, 60).—A brief note on the cleaning of metal
components byr degreasing and shot-blasting. Shot-peening
is also mentioned.—W. A. M. P.

Faster Grinding with Abrasive Belts. H. N. Acker (Canad.
Metals, 1952, 15, (11), 46, 48).—The use of abrasive belts
and contact wheels is discussed.—W. A. M. P.
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¢Fundamentals of Glass-to-Metal Bonding. |.—Wetta-
bility of Some Group | and Group VUI Metals by Sodium
Silicate Glass. V. F. Zackay, D. W. Mitchell, S. P. Mitoff,
andJ. A.Pask (./. Amer. Ceram. Soc., 1953, 36, (3), 84-89).—In
order to evaluate the degree of wetting of Cu, Ag, Au, Pd,
Pt, and Ni by Na silicate glasses contg. 30-8, 33-6, and 36-9%
Na20 invacuum, He, H, 0, and air, the contact angle at 900° C.
was measured after attainment of a const.-angle reading.
Tlioro is no relation between the position of the element in
the Periodic System and the contact angle. No reaction
between metal and glass occurs in an inert atmosphere,
whereas the cliom. reactions that occur in 0 and H improve
spreading. Grain-size lias no marked effect on the contact
angle in any atmosphere. The wettability is related to the
solubility of the gas atmosphere hi the metal. The role of
the polarizing power of the metal in determining the contact
angle is discussed.—1. S. S.

Metal Stitching [Can Help to Reduce Costs of Fastening].

(Machine Design, 1952, 24, (5), 151-153).—The great
advantages of metal stitching as a joining method for thin-
soction metals are indicated. Stitches are formed in £ sec.
from high-C steel wire. The different typos of wire employed
are discussed, and details are given of the form of stitches
used, the strength of stitched joints, and the metals most
usually joined by this process. Recommended material
thicknesses are tabulated.—D. M. L.

How to Design Good Joints for Brazing. W. J. Van Natton
(Iron Age., 1953, 171, (3), 95-98).—A general survey is made
of the factors involved in the design of good joints in the
brazing of Al, Mg, Ni, and their alloys and ferrous metals.
Lap joints are used whenever possible; butt joints are used
only when service requirements are not severe and leak
tightness and strength are relatively unimportant.—J. H. W.

Hints for Silver-Brazing of Stainless Steel. J. P. Emmerich
(Weld. J., 1952, 31, (1), 50-53).—Technique for Ag-brazing
is described. Groups of stainless steels and their scaling
temp, and Ag brazing alloys (Ag, Cu, Zn, Cd) and their flow
points are tabulated.—K. B.

For Aluminium Radiators: A New Aluminium Brazing
Sheet. (Modem Metals, 1952, 8, (6), 52-54).—Describes
a composite brazing sheet coated on one side with a low-m.p.
brazing alloy and on the other with a corrosion-resistant clad
alloy. It is claimed that this material has substantially
reduced the problems of joining and corrosion-resistance
associated with the use of Al for radiators.—R. J.

The Joining of Aluminium and Its Alloys. W. V. Binstead
(Metallurgia, 1953, 47, (280), 81-88).—A review.—F. M. L.

The “ Aircomatic ” Welding Process for Aluminium.
(Engineering, 1953, 175, (4548), 397).—Describes an A-arc
process for the welding of Al and Al alloys. A continuously
fed filler rod is employed.—D. K. W.

*Metal Transfer in Sigma Welding [of Aluminium Plate].
R. T. Breymeier (Weld. J., 1952, 31, (5), 393-399).—The
effect is reported of current direction, amperage, and the gas
used on the appearance of beads made in J-in. and ]-in. Al
plate by the shielded inert-gas metal-arc process. The
addn. of O to A has little effect on the metal deposition rate
with D.C.-reverse polarity and does not materially change
the drop rate. Usable bead forms can be produced with
D.C.-straight polarity and at higher deposition rate than with
reverse polarity.—K. B.

+Fatigue Tests on Aluminium Alloy Spot-Welded Joints.
Marshall Holt and E. C. Hartmann (Weld. J., 1952, 31, (4),
183s-187s).—Results are compared of fatigue tests of spot-
welded joints in sheets, 0-084 in. thick, of various high-
strength Alclad Al alloys. 10 ref.—K. B.

Technical Factors in Cold-Welding Aluminium. W. E.
McCullough (Modem Metals, 1952, 8, (11), 40, 42, 44).—The
theory of the cold-welding process is briefly discussed, and
examples are given of the properties obtained and actual and
potential appn.—R. J.

DD

+Hot-Rolled Copper Rod Butt-Welding. Clement Blazoy
(Wire Production, 1953, 2, (4), 4r-7).—B. stresses that to wire-
usors the ultimate criterion of the success of butt-welding is
whether, and to what extent, welds in rod become regions of
weakness in drawn wire. Experiments on -/[--in. H.C. Cu rod
with butt-welders rated at 25 kVA., are reported, from which it
is agreed that the absence of oxide in small lenticular regions
around the wolds is due to the fact that Cu solidifies before the
Cu-CuO eutectic and the lig. oxide is always squeezed out.
Elect, resistance tests show no difference between lengths of
wire with and without welds, whilst the welded joints had
98% of the tensile strength of the wire.—C. P. F.

Jet Engines Push Welded Molybdenum [and Molybdenum
Alloys] Study. Willard M. Boam (lron Age, 1952, 170, (2),
145-148).—After a brief survey of the high-temp. properties
of Mo and its alloys, B. reviews tests on the weldability of
Mo alloys. Ho-shielded W electrodes were used. In-
complete shielding resulting from poor torch design, too
rapid welding speed, and improper cleaning results in porosity
and brittleness owing to low oxidation-resistance. For good
welds complete absence of O is essential. Deoxidation with
C results in the formation of a carbide network and cracking.
No welds with good ductility were made.—S. R. W.

Welding Characteristics of Materials [Inconel W and
Titanium Alloys] for Aircraft Gas Turbines. A. J. Rosenberg
(Weld. J., 1952, 31, (5), 407-413).—Satisfactory resistance and
inert-arc welding of Inconel W and of Ti alloys is reported.
Arc welding of Inconel W is difficult. Weld properties and
microstructurcs are shown.—K. B.

Welding Titanium. A. J. Rosenberg (Modem Metals,
1953, 9, (1), 52-54, 50).—Ti can be welded by conventional
methods. R. describes inert-arc welding, spot welding, seam
and flash welding, and considers the fatigue strengths of
some of tho joints.—R. J.

Welding Heat-Exchangers for the Chemical Industry.
John W. Mortimer (Weld. J., 1952, 31, (5), 387-392).—Types
of heat-exchangers are described and illustrated. Arc,
automatic arc, and inert-arc welding procedures are discussed
for Cu, Ni, Al, and their alloys.—K. B.

Continuous Inert Arc Welding. (Canad. Metals,
1952, 15, (12), 45-46).—A brief account of a semi-automatic,
inert-gas shielded-arc welding process for joining light-gaugo
materia. —W. A. M. P.

Melting Rate of Coated Electrodes. J. ter Berg and A.
Larigaldie (Weld. J., 1952, 31, (5), 268s-271s).—9 ref.

—K. B.

+Heat Flow in Welding. A. A. Wells (Weld. J., 1952, 31,
(5), 263s-267s).—It is shown that heat dissipation may bo
used for predicting size of wold and that the shape of weld
ripples indicates the heat input used. Experiments on steel
are discussed; some equations are applied to Al and Cu.
9 ref.—K. B.

Hard-Facing for Impact. Howard S. Avery (Weld. J.,
1952, 31, (2), 116-143; discussion, 143-145).—Aspects of
impact as a wear factor are analysed, and the appn. of various
hard-facing alloj's, including Ni- and Co-base alloys, are dis-
cussed. 16 ref.—K. B.

#The Fundamentals of the Welding of Electric Contacts
under Heavy Current Conditions. (Holm and Holm). See
col. 748.

Ultrasonic Examinations of Weldments and the Establish-
ment of Safe Acceptance Limits for Defects. (Parker). See
col. 792.

Progress in the Welding Industry. B. Kamisky (Metal
Progress, 1952, 61, (1), 59-63).—The aspects of welding
reviewed include residual stresses, weldability, and alternative
steels to replace materials contg. large amounts of Ni such
as 18: 8 stainless steel, &c. The use of welded Al members
to replace structural steels is discussed. The prevention of
brittle fractures and the desirability of higher welding speeds
are indicated.—R. P. H. F.
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22 — INDUSTRIAL USES AND APPLICATIONS

Economical Introduction of Aluminium. K. Specht
(Aluminium, 1952, 28, (3), 76-77).—S. shows how to calculate,
mwith the help of nomograms, the cost saving resulting from
the use of AL—M. A. H.

The Outlook for Aluminium in the Electrical Industry.
H. W. Biskebom [Modem Metals, 1953, 8, (3), 56-58, 60,
62).—B. describes some of the accepted and potential appn.
of Al in the elect, industry. Covered conductors, cable
sheathing, and structural appn. are the chief uses at present.
Among potential uses B. considers bus-bare, fuse wire,
lightning conductors, &c.—R. J.

Aluminium-Sheathed Cable. B. 0. Ashford, J. A. Donelan,
and J. R. Penrose (O.E.C. Journal, 1952, 19, (4), 222-228).—
Processes by which Al strip is cold formed around elect,
cables and welded longitudinally into continuous sheathing
are described and illustrated. The advantages and mech.
properties of the Al-sheathed cables are discussed.—J. R.

Aluminium as a Cable-Sheathing Material. D. McAllister
(Engineer, 1952, 194, (5056), 819-823; (5057), 854-857).—A.
enumerates the advantages and disadvantages of Al and Pb
for use as cable-sheathing materials and outlines the methods
which have received most attention, for sheathing with the
former. The relevant phys., mech., and chcm. properties
of Al and their influence on the characteristics of Al-shoathed
cable are discussed. Notes aro given on installation and
jointing.—D. K. W.

Aluminium Cable Sheathing. (Engineer, 1952, 194,
(5044), 411-412; also Engineering, 1952, 174, (4522), 404-
405; Melallurgia, 1952, 46, (276), 175-178; and Light Metals,
1952, 15, (176), 357-360).—An account of an Al cable-
sheathing process at Johnson and Phillips, Ltd., London, in
which pre-extruded Al tube is drawn down over the cable
core.—D. K. W.

The Manufacture of [Corrugated] Aluminium-Sheathed
Electric Cable. (Enguieeri-ng, 1952, 174, (4528), 614-
615; also Engineer, 1952, 194, (5048), 548-549 ; Melallurgia,
1952, 46, (271), 237-240; and Light Metals, 1952, 15, (177),
394-396).—An account of an Al cable sheathing process at
Pirelli-General Cable Works, Ltd., Eastleigh, in which Al
strip is formed into tube around the cable core. The butting
edges of the strip are continuously joined by A-are welding.

—D. K. W.

Discussion of Aluminium Conductor Connectors. H. W.
Biskebom (IFire and Wire Products, 1952, 27, (12), 1297,
1320).—A summary of various views of American practice
as expressed in letters and editorials.—C. P. F.

Progress and Future of Structural Aluminium. C. Marsh
(Light Metals, 1952, 15, (172), 219-220).—A. W. B.
Modem Structural Engineering in Light Metals. E. W.

Plcines (Aluminium, 1952, 28, (3), 69-74).—A review of the
tech. and economical advantages of light-metal construction
is followed by a description of the construction of hangars
at London Airport.—M. A. H.

The Light Alloy Decking of the Havre Bascule Bridge.
Jean Reinhold (Rev. Aluminium, 1952, (190), 285-290).—
In the reconstruction of a bascule bridge in the docks at
Le Havre, flooring in an Al-5% Mg alloy was chosen instead
of wood previously used, with a 10% reduction in the weight
of the leaf and at a lower cost than for steel or wood. A
special extruded section 324 mm. wide was used to provide
the flooring in the form of lapped beams. Precautions taken
to prevent bi-metallic corrosion included zinc coating of
steel fixing accessories, bitumen-impregnated tape between
the steel/Al interface, measures to reduce condensation on
internal surfaces, and finally the use of a Zn chromate primer
and bitumen paint.—A. W. B.

Aluminium Roof of the Westfalenhalle at Dortmund. H.
Kentzler and J. Schroeder (Aluminium, 1952, 28, (4), 121—
123).—A brief illustrated description of the lay-out is given.

—M. A. H.

[Aluminium Alloys in] Dredgers, Draglines, and Cableways

for the Donzere-Mondragon Canal. Jean Reinhold (Rev.

Aluminium, 1952, (187), 137-148).—Al-alloy construction
has been used in draglines for tliis project to increase their
span. Three floating dredgers were equipped with light-
alloy conveyor beams to enable a greater reach to be obtained.
The cableway of 2066 ft. span also includes numerous Al
components.—A. W. B.

The Choice of [Aluminium] Alloys for Ship Structures.

(Aluminium Courier, 1952, (20), 9).—The two types of
wrought AlJ-alloy used in shipbuilding today are: (!) the
alloys of Al with up to 5% Mg (most generally used in
Europe) and (2) alloys in the AI-Mg-Si group (most widely
used in America). The nomenclature adopted in British
Standards classification is expounded.—C. P. F.

Light-Alloy Barge. (Engineering, 1953, 175, (4542),
208).—A description is given of an SO-ft., 150-ton-capacity
Al alloy barge for service in the Middle East.—D. K. W.

Aluminium Alloys in General Engineering. M. H. P. Lovie
(J. Junior Inst. Eng., 1952, 63, (3), 93-101).—L. reviews the
properties and suitability of different Al alloys. In wrought
alloys the eold-workable commercial Al, Al-Mn, Al-Mg, and
the heat-treatable Duralumin-type alloys are mentioned.
The easting alloys aro considered from the aspect of ease of
casting with the development of max. properties. Al-12%
Si, Al-Cu-Si, and AI-Cu-Ni-Mg alloys are given as most
useful. Peculiarities in designing structures and components
from Alalloys are discussed briefly, with an account of methods
for joining them.—S. Ma.

Practical Applications of Aluminium Casting Alloys,
Particularly in Motor Vehicles. Curt Bicken (Metall, 1952,
6, (5/6), 123-128).—Recommended Al alloy compn. and cast-
ing procedures are discussed in regard to their appn. to the
prodn. of bicycle frames, and to the various parts of intemal-
combustion engines—particularly those for autocycles, low-
powered motor-cycles, &c.—and to light-weight containers
(e.g. beer barrels).—E. N.

A New German Light Omnibus. (Aulomobiltechn. Z.,
1952, 54, (6), 141-143).—An illustrated description, with
details of design, of a new light-weight omnibus, all the main
parts of which are made of Al alloy.—W. F. H.

Mass Production of Light-Metal Car Bodies. J. Baron
(Aluminium, 1952, 28, (3), 62-68; (4), 107-111).—After a
historical review, B. describes indust, experience in modem
methods concerning choice of alloy and gauge of sheet, and
of deep-drawing techniques for various components; the
use of cast components; methods of joining; and finishing.

—M. a. h.

Chromium-Plated Aluminium Cylinder Barrels. E. Meyer-
Raéssler (Rev. Aluminium, 1952, (188), 200-204).—The advan-
tages of hard Cr-plated cylinders are discussed and test data
are given. Wear was only 005 mm. after 100,000 km.
compared with 0-3 mm. for cast Fe. Several plating pro-
cedures are mentioned, but no useful details are included.
Methods for modifying the Cr surface to increase its oil-
retaining properties are also reviewed. A thickness 0f0-1 mm.
(0 004 in.) is recommended.—A. W. B.

Considerations on Some Railway Applications of Light
Bearing Alloys. L. Paglialunga (Alluminio, 1952, 21, (1),
43-47).—The Rome Tramways and Electric Railways Corp.
have had some experience of using light alloy axle bearings of
I.S.M.L. “ Lubrical ” alloy (Sn 6-5, Cu 1%, balance Al), and
the main characteristics of this alloy are reported as good
resistance to elevated temp, and high fatigue strength.

—I. S. M.

[Use of Aluminium in] A Railway Refrigeration Unit.
Maurice Victor (Rev. Aluminium, 1952, (187), 166-169).—
Al was extensively used in the construction of a mobile
refrigeration plant which is used to treat simultaneously
four railway wagons of fruit or vegetables. The Al-5% Mg
alloy has been used in the refrigerator and ducting and a
Duralumin-type alloy for the framework.—A. W. B.

Aluminium in Aircraft. (Aluminium Courier, 1952,
(19), 4-9).—Records the use of Al in aircraft from 1887.
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Alloys of Al have been used in aero engines since 1903, playing
a prominent part in reducing the wt./h.p. of the piston-type
engine from 16 Ib. in the Wright engine to under 1 Ib./h.p.
in the engines of today.—C. P. F.

The “ Prouve ” [Aluminium] Schools. Maurice Victor (Rev.
Aluminium, 1953, (190), 267-269).—An illustrated description
of prefabricated school buildings utilizing Al alloys in their
construction, together with masonry and other traditional
non-metallic materials.—A. W. B.

Aluminium in the “ Franklin D. Roosevelt ” Metro Station.
Maurice Victor (Rev. Aluminium, 1953, (190), 291-294).—
Anodized Al in the form of panels, display cases, and name-
plate letters has been widely used in the modernization of a
French “ Metro ” station.—A. W. B.

“ Aluman ” Roofs in Switzerland. E. Miller (Aluminium
Suisse, 1952,2, (4), 126-131).—[In French and German]. After
referring to installations of commercial-purity Al roofing in
Italy and Germany beforo 1925, ref. is made to buildings in
Switzerland which since that date have used Al-1.[% Mn
alloy (Aluman) for roofing with success. Means of fixing
the roofing sheets adopted for differont roofing methods aro
briefly mentioned.—A. W. B.

Corrugated Aluminium for General Building in Israel.
(Light Metals, 1952, 15, (172), 244-245).—A. W. B.

A Completely Insulated Aluminium Window. (Modem
Metals, 1952, 8, (6), 25-26).—The known disadvantage of Al
window-frames—condensation of moisture on the frames—
has been overcome by manufacturing a double frame with an
insulating medium in between.—R. J.

Aluminium Honeycomb Sandwich Has Light Weight, High
Strength, Good Stability, and Uniform Density. Phillip O’Keefe
(Materials and Methods, 1952, 36, (6), 96-98).—Cf. M .A., 19,
892.—R. P. H. F.

Aluminium in Paper-Making Plant.
1952,15, (172), 238).—A. W. B.

Aluminium as a Structural Material in the Chemical Industry.
E. Franko (Aluminium, 1952, 28, (3), 75-76).—A brief
review is given ofrelevant publications in 1950.—M. A. H.

Use of Aluminium Pipe in Oil-Country Applications. Wailliam
B. Moore, Jr. (Petroleum Eng., 1952, 24, (4), D28, D30, D32).—
A number of appn. of Al pipe in the oil industry are described.
These include its use in heat-transfer equipment, shot-holo
casing, temporary portable lines, and pipelines.—G. T. C.

Aluminium in the Petroleum Industry. (Modem Metals,
1952, 8, (6), 34-36).—Extensive use is being made of Al
piping for carrying petroleum overland. Low handling costs
and upkeep aro among the advantages claimed.—R. J.

Aluminium Platters and Pans. (Modem Metals, 1952,
8, (3), 49-50, 52, 54).—A comprehensive review of the use of
Ad for meat-handling equipment.—R. J.

Aluminium in General Line Containers. (Modem Metals,
1952, 7, (12), 24-28, 30).—A description of the use of Al in
general packaging, including an evaluation of the strength,
corrosion-resistance, &c., ofsuch packages and prodn. methods
(deep drawing, impact extrusion, and built-up containers).

—R. J.

Aluminium Foil Protects Aircraft Parts. (Canad.
Metals, 1952, 15, (12), 48).—A brief note on the use of Al foil
for the protection of aircraft components during shipping
and storage.—W. A. M. P.

Reflective Insulation [Aluminium Foil]. -—- (Modern
Metals, 1952, 8, (4), 40-42).—The salient features of an
insulating medium based on Al foil are described.—R. J.

Aluminium vs. Copper. F. L. Church (Modern Metals,
1952, 8, (4), 25-28, 30-32).—A general roviewr outlining the
principal fields in which Al is successfully competing with Cu,
particularly in elect, industries.—R. J.

Cast Bronzes and Gun-Metals: The Case for Fewer
Specifications. E. Voce (Tin and Its Uses, 1952, (26), 2-3,
12).—The advantages of reducing the number of alloys are
reviewed, and V. suggests that the 12 tin bronzes and gun-
metals in B.S. 1400 (1948) could be reduced to 6 without serious
tech. disadvantages, but with considerable economy.—K. S.

Beryllium Copper as a Mould and Die Material.
(Machinery (Lond.), 1952, 81, (2092), 1277-12S0).—The
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advantageous properties of Cu-Bo alloys for mould prodn.
are: (1) a relatively high thermal conductivity, (2) high
resistance to corrosion, (3) high impact strength, (4) good
flow characteristics, (5) structural homogeneity, and (6)
considerable stability and long life under moulding conditions,
The max. compressive stress for the alloy is given as 205,000
Ib./in.2 Al castings have been produced from dies of this
alloy. Recommendations for the soldering, brazing, and
welding of the alloy are included.—C. P. F.

Beryllium Copper Alloy Springs. J. Bourguignon (Pro-
Metal, 1952, 5, (28), 43-47).—[In French and German].
Cu-Bo alloys combine the mech. properties of spring steel
with the phys. properties of Cu alloys. 2% Be alloy is
supplied as strip or wire in the soln.-trcated condition and is
aged after working. Grain orientation does not yield direc-
tional variations in bonding properties. The ageing treat-
ment ensures relief of internal stresses, giving very stable
properties and low hysteresis; service at moderately high
temp, leads to less deterioration than with springs whoso
properties depend on cold work; the same applies to soldering
and brazing.—K. S.

Copper Alloy Springs. (Pro-Metal, 1952, 5, (26),
986-991).—[In French and German]. Cold-rolled and cold-
drawn Cu and brass are used for springs when special require-
ments regarding thermal and elect, conductivity and corrosion-
resistance have to be met. In many cases springs are
stamped from cold-rolled strip at an angle of 45° to the
direction of rolling, so that the deflection characteristics are
equal along and across the spring. A stress-relief anneal at
250°-300° C. is recommended before machining.—K. S.

*Stainless-Clad Copper for High-Temperature Service.
Joseph Kinney, Jr. (Product Eng., 1952, 23, (4), 129-133).—
Results of tests on the lateral heat conductivity of clad strips
with various proportions of cladding to core aro given.
Methods of sealing cut edges and welding procedures are

described, and data on allowable working stresses and
workability are given.—M. A. H.

Stainless-Clad  Copper Promises Improved High-Tem-
perature Service. ------ (Machine Design, 1952, 24, (6),

141-142).—An 'illustrated account is given of the properties
of Rosslyn metal, a Cu “ sandwich ” consisting of a Cu core
clad with stainless steel in order to improve the thermal
conductivity of heat-resisting alloys. Attemp, up to 1500° F.
(870° C.) the lateral conductivity compares favourably with
pure Cu, but the latter would oxidizo to destruction at this
temp. Details of the properties of the combination are given,
and an account presented of its appn. in the prodn. of jet-
engine combustion chambers and other heat-resisting com-
ponents.—D. M. L.

Copperweld Fine Wire. F. E. Lcib (Wire and Wire Pro-
ducts, 1952, 27, (9), 878-879, 927).—Copperweld consists of
steel wire with 30-40 wt.-% Cu welded to the surface. A
bimetallic billet is cast, rolled, and drawn. It has been used
in largo gauges for over 35 years for overhead power lines,
and is nowr available down to No. 26 A.W.G. for elect, and
other purposes, including piano strings. It is 8% lighter
than Cu wire, its U.T.S. is 60,000 Ib./in.2 and its conductivity
30 or 40% ofthat of Cu at power frequencies.—C. P. F.

Germanium, Produced as a By-Product, Has Become of
Primary Importance. A. P. Thompson and J. R. Musgrave
(J. Metals, 1952, 4, (11), 1132-1137).—A report on Go, dis-
cussing its: (1) early history; (2) occurrence; (3) pro-
perties ; (4) recovery—U.S. and British processes producing
crude GeCl4, which is purified, hydrolysed to Ge02 and re-
duced to powdered metal by heating in an atmosphere of
H; and (5) uses—in electronic devices, e.g. Ge diodes,
triodes, and rectifiers ; in glasses; and in alloys, particularly
those with Au. 30 ref.—E. N.

Lead in Modem Chemical Construction. Kempton H.
Roll (Chem. Eng., 1952, 59, (1), 281-282, 284-286, 288-
290).—R. describes the latest techniques and improvements
in the use of Pb in the chem. industries, including methods
of supporting sheet Pb, new methods of testing Pb linings
and welds, the use of Pb bonded to steel (usually referred to
as bonded or homogeneous Pb), Pb-covered Cu or steel
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heating coils, and the use ofacid-proofbrick with an impervious
Pb interliner.—S. R. W.

Why Magnesium in Aircraft Construction P R. Smallman-
Tew (Modern Metals, 1952, 7, (12), 33-35).—An assessment
of the advantages and disadvantages of Mg in aircraft.
High strength:weight ratio and greater stiffness without
increased weight are the main features. S. quotes some
interesting examples of how Mg has replaced Al in a jet-
powered commercial plane.—R. J.

B-36 Experience with Magnesium. D. A. Tooley (Modern
Metals, 1952, 7, (12), 49-50, 52-54).—The B-36 aircraft
contains 8000-9000 Ib. of Mg, and T. describes the various
difficulties confronting the engineers responsible for the plane.
They made particularly effective use of the good fatiguc-
resistanco of Mg alloys. The test programmes carried out
included meek, tests, protective treatments against corrosion,
and the experimental use of now alloys. Future possibilities
and requirements are briefly discussed.—R. J.

Details of Construction of the Magnesium Star at the
Festival of Britain Exhibition in London. John L. Haughton

(Rev. MR., 1952, 49, (12), 911-916).—The large Mg star
suspended in Northumberland Avenue, London, had to
fulfil, amongst others, the following conditions: (1) the

panels of the star had to bo truly plane, as the lighting both
by day and night was oblique; (2) the steel supporting -wires
had to bo as inconspicuous as possible; (3) it had to be as
light in weight as possible; (4) thoro had to be no risk of
the star’s falling on the heavy traffic below; and (5) two of
the arms of the star had to bo mounted in situ, owing to
difficulties in transport. H. gives the dotails of the con-
struction and suspension of the star.—J. H. W.

Nickel and Its Alloys at the Industrial Chemical Show,
Paris. L. Arbellot (Rev. Nickel, 1952, 18, (2), 27-35).—A.
reviews various appn. of Ni alloys on view at the Industrial
Chemical Show, Paris.—R. IV. R.

Titanium and Its Alloys. John L. Everhart (Materials and
Methods, 1952, 35, (5), 117-132).—The present and future
appn. of Ti and its alloys are reviewed. Suitable techniques
for machining, forming, heat-treatment, welding, cleaning,
and finishing are discussed.—R. P. H. F.

Metallic Titanium and Its Industrial Applications. Hideo
Nishimura (Bull. Eng. Research Inst. Kyoto Univ., 1952, 2,
(Sept.), 1-5).—[In Japanese]. Reeent development of tho
metallurgy of Ti is briefly described. The indust. appn. of
the metal are discussed in detail.— Author.

Research and Development on High-Temperature Materials.
C. A. Bristow and H. Sutton (Iron Steel Inst. Special Rep.,
1952, (43), 289-292; discussion, 368-378).—The met. and
supply factors which influence the choice ofalloysforhigh-temp.
service are reviewed and discussed, and the importance of
avoiding the misuse of scarce elements is emphasized. Long-
range research is essontial, and examples of work in progress

are given. 15ref.—D. M. P.
High-Temperature Alloys for Gas Turbines.—I.-H. H. V.
Kinsey (Canad. Metals, 1952, 15, (11), 28, 30; (13), 20, 22,

24).—[1.—] K. discusses tho properties of ferritic-martensitic
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alloys and their gas-turbine appn. [Il.—] Austenitic alloys
are similarly reviewed and discussed. 42 ref.—W. A. M. P.

General Tendencies in the Development of Materials for
Jet Engines in Great Britain. A. H. Waterfield (Métaux,
Corrosion-Ind., 1952, 27, (320), 156-157).—A brief review is
given of tho development of materials showing promise with
regard to availability, cost, and properties.—M. A. H.

Problems Presented by the Application of Refractory
Materials to Jet-Engine Components. R. Floury (Métaux,
Corrosion-Ind., 1952, 27, (320), 160-163).—A summary of
material properties required by the design engineer for blades,
discs, combustion chambers, and distributors is followed by a
list of difficulties encountered by the manufacturer in tho mass
production of such engines.—M. A. H.

The Problem of Heat-Resisting Alloys in the Construction of
Automobiles. H. Godfroid (Métaux, Corrosion-Ind., 1952,
27, (320), 158-159).—G. briefly compares this problem with
that ofrefractory alloys in aero-engine construction.—M. A. H.

The Engine Bearing. D. G. Soutar (J. Inst. Automotive
Aeronaut. Eng., 1952, 12, (11), 253-258).—The properties of
Pb-base, Sn-base, Cu-Pb, and Al-Sn bearing alloys are given,
and their use in connecting-rod and main bearings in auto-
motive engines is discussed. Typical failures are described,
and their causes are given.—T. A. H.

Flexible Metal Tubes. 0. Meyer (Pro-Metal, 1952, 5, (30),
84-88).—[In French and German]. Flexible metal tubing can
withstand higher temp, and pressures than rubber, but is not
flexible in torsion. In many cases the metal serves as a
casing for rubber. Narrow brass strip is bent to shape,
wound on a mandrel, and the interlocking portions are
anchored. Crimped tubing, made from continuous drawn or
welded tube, is a recent development which ensures complete
freedom from leaks.—K. S.

Material-Selection Factor Significant in Bourdon Tubes.
J. B. Giacobbe and A. M. Bounds (J. Metals, 1952, 4, (11),
1147-1148).—G. and B. discuss the various types of alloys
used in the prodn of Bourdon tubes—their classification by
temper, their drift hysteresis, and relaxation (cold creep,
zero shift) characteristics, and their corrosion-resistance.
Mention is made, also, of the methods of shaping and joining
the tubes.—E. N.

The Role of Castings in the Agricultural Industry. Wailliam
G. Gude (Foundry, 1952, 80, (11), 114-117, 228, 231, 234).—
The appn. of ferrous and non-ferrous castings in the manufac-
ture ofagricultural implements are discussed ; tho possibilities
in this connection of castings made by investment casting and
the honing process aro considered.—R, W. R.

Corrosion-Resistant Metals in the Pulp and Paper Industry.
Daniel L. Horigan (Paper Trade J., 1952, 135, (20), 261-262,
264-271).—Various types of corrosion are outlined, and
corrosion-resistant ferrous and non-ferrous metals and alloys
are discussed with special ref. to paper-industry appn.
Suitable welding methods for tank, &c., liners are described
and illustrated, and various processing stages in papcrmaking
are enumerated, with annotations concerning the resp.
corrosion-resistant metals used.—J. R.
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moniakoxydation” ; W. Seith und K. Budde, “ Zur Diffusion im System
Silber-Palladlum”; J. Schatz, " Edelmctallcglcrungcn mit besonderer
Bestandigkeit gegen starke Mineralsdurcn”; O. Loeblch, " Platin-
metallhaltige Goldlegierungen in der Zahntechnik”; E. Gebhardt und
M. Becker, “ Uber die innere Reibung schmclzfliissiger Metalle und
Legierungen ”; H. Rudolph und E. Wagner, " Das L6ten mit Silber-
loten : Stand der Technik und neue Entwicklungen ”; W. Schulenburg,
“Seltene Metalle”; P. Pickhart, "Edle und unedle Katalysatoren ”;
W. Scheibe, "Der kernlose Induktionsofen"; K. Winterer, “ Eine
Vereinfachung der Warmebehandlung von Einsatzstahlen ”, |II.
ANORGANISCHE Chemih—K. Andrich und O. Fuchs, " Cyan und
Cyanide”; J. Miller, "Zur Geschichte der Perverbindungen”; L.
Harant, " Zur Werkstoff-Frage In der Industrie der Perverbindungen ”;
W. Hundt und K. Vleweg, " Uber die Perverbindungen und ihre
praktische Verwendung”; E. Wagner, "Natriumchlorit”; E.
Bergheimer, “ Die Darstellung des Natriums”; H. Kloepfer, "Die
Fabrikation der Russe unter besonderer Beriicksichtigung des deutschen
Aktivrusses” ; F. Endter, "Die Herstellung der Corax-Russe”; F.
Endter, “ Welssc KautschukfUUstofle und ihre verstarkende Wirkung ” ;
A. Weihe, " Zur Kenntnis der aktiven weissen Fillstoffe ” ; K. Dithmas,
" Die Verwendung pyrogen gewonnener, kolloid disperser Oxyde von
Metallen und Metalloiden In der Texttl-Industrie ”. 1ll. Keramik
UND Glas—H. Kohl, " Die deutsche Industrie der keramischen Farben :

, Tradition und Fortschritt”; R. Liepack, " Der Reliefschablonendruck
mit keramischen Farben ”; M. Kollmar, “ Flissige Edelmetallpraparate
zum Metallisieren von keramischem Material und Kunststoffen ” ;
D. Frost und F. Klauer, " Die Messung von Dichtedifferenzen abge-
schreckter Glaser als Mittel zur Beurteilung ihrer Tempcraturwechsel-
bestandigkeit”; G. Jacger, "Oxydkeramik”; G. Jaegcr, “ Die
Bestimmung des B-ALO03-Anteiles in Schmelzkorund"; F. Stapelfeldt,
" Gerdt zum Aufzeichnen von Diusenkandlen”. [V. Oroanisoiie
Chemie—F. Flugge, “ Die Entwicklung der Holzverkohlungs-Industrie
in Deutscldand ” ; W. Kern und H. Hachenberg, “ Die Charakterisierung
des Paraformaldchyd und anderer Polyoxymcthylenc ”; Il. Schulz und
Il. Wagner, “Synthese und Umwandlungsprodukto des Acroleins”;
K. H. Llcdtkc und W. Kau], “ Methionin : Chemische und medizinische
Betrachtungen” ; H. Schulz und H. Illucmer, *“ Synthese von
Cyanirchlorid ”; T. Spreter von Krcudenstein, “ ‘Palavit’ in der
Zahnheilkunde ”.]

Doehler, H. H. Die-Casting. 24 X 15 cm.
with 275 illustrations. 1952.
Hill Book Co. Inc.; London :
Co. Ltd. (64s.)

Frede, Ludger. Physik

Pp. vi + 502,
New York: McGraw-
McGraw-Hill Publishing

in der Giesserei. Herausgegeben
vom Verein Deutscher Giessereifachleute. 21 X 15-5
cm. Pp. 141, with 360 illustrations. 1952. Diussel-
dorf: Giesserei Verlag. (Brosch., DM 6.80.)

Fritz, J. C. Das Flammspritzen von Stahl,
Kunststoffen. 21 X 15-5 cm. Pp. 176,
illustrations. 1953. Essen: W. Girardet.

*Garside, James E., and R. F. Phillips. A Text-Book of
Pure and Applied Chemistry. 71 x 5in. Pp.ix + 1044,
with 275 illustrations. 1953. London: Sir Isaac
Pitman and Sons, Ltd. (25s.)

Guggenheim, E. A. Mixtures: The Theory of the Equili-
brium Properties of Some Simple Classes of Mixtures,
Solutions, and Alloys. (International Series of Mono-
graphs on Physics.) Pp. 270, illustrated. 1952.
Oxford : University Press. (42s.)

(Revised edition of Metals
10 X 7 in. Pp. xiv + 526,
Reinhold Publishing
(80s.)

Seventh
The

Metallen und
with 137

*Hoyt, Samuel L. Metal Data.
and Alloys Data Book).
illustrated. 1952. New Y ork:
Corp. ($10.00); London: Chapman and Hall, Ltd.

*“lron and Steel . Iron and Steel Directory.
edition. 81 X 51 in. Pp. 386. 1953. London:

Louis Gassier Co., Ltd. (25s.; 25s. 8d. post free.)

*Milner, G. W. C.,,and A.J. Wood. The Analysis of Uranium-
Gallium Alloys. (Atomic Energy Research Establish-
ment Report C/R 1041). [Mimeographed]. Pp. 15
1953. London: H.M. Stationery Office. (2s. 6d.;
2s. 71d., post free.)



811

+National Metallurgical Laboratory.
plating and Metal Finishing.

Symposium on Electro-
Held at Jamshedpur on

7 and 8 March 1952. 9£ x 7£in. Pp. 177, illustrated.
[1953]. Jamshedpur, India: National Metallurgical
Laboratory.

[Contents: T. Bancrjec, “ Impact of Modern Science in Plating

Industries, with Special Reference to India ”; G. P. Chatterjee, “ Some
Basic Concepts on the Rate of Film Formation on Metals and Alloys

A. Goswaml, "Anodic and Cathodic Crystal Growth and Structure”;
T. Banerjee, “ X-Ray Structure of Electrodeposited Alloys V. M. 1.
Nambissan, "Phase Structure of Cast and Electrodeposited Alloys”;
A. A. Krishnan, “ Inlluencc of Structure of Electrodeposits on the
Brightness of Plated Surfaces"; S. D. Gokhale, "Addition Agents in
Electroplating”; S. C. Shome, "Prevention of Corrosion of Metals by
Protective Coatings” ; llira l.al, "The Xature of the Electropolishing

State ” ; B. X. Das and M. S. Mitra, “ Inlluencc of Surface Condition
on the Fatigue of Metals D. R. Dhingra, G. X. Gupta, and M. G.
Gupta, “ The Electrodeposition on Xon-Conducting Surfaces”; K.

Chakraborty and T. Banerjee, " Plating Non-Metals S. S. Bhatnagar
and B. R. Xijhawan, "Thickness of Anodic Films on Aluminium”;
D. R. Dhingra, M. G. Gupta, and M. C. Blmttncharyn, ” Anodization
and Multi-Colouring of Pure Aluminium”; D. S. Tnndon and T.
Banerjee, “ Plating on Aluminium"”; A. K. Bhimani, “ Electro-
Deposition—Its Importance and Necessity ”; A. Goswaml, “ Specifica-
tions in Plating”; K. K. Majumdar, “ Plating Materials—Their
Availability in India”; T. L. Ramachar, “ Electrodeposition of Silver
from the lodide Bath”; J. Balachandra, " Elcctrodeposltion of Metals
from Fluoboratc Baths ”; Vasant M. Dokras, “ Codeposition of Nickel
and Chromium”; S. K. Roy and T. Banerjee, “ Industrial Brass

25 — BOOK

Physical Metallurgy for Engineers. By Donald S. Clark and

Wilbur R. Varney. 9 x 6 in. Pp. xiii + 567, illustrated.
1952. New York: D. Van Nostrand Co., Inc. ($6.50);
London : Macmillan and Co., Ltd. (48s.)

Students of all the many branches of engineering will find
this well-written and clearly printed book helpful to their
understanding of the metals and alloys with which they are
inevitably concerned in their day-to-day work, thought, and
calculations. The subject matter presented by the authors
is that developed over a period of years for a course in
metallurgy given to engineering students at the California
Institute of Technology.

The authors have not quoted original papers, but each
chapter ends with a list of references to such well-known
modern text-books or monographs as would be easily
accessible to American students.

No doubt the authors are not so parochially minded as
would appear from their references, but it is significant of
this book that its nineteen chapters include some 143
references of which only one stems from outside the U.S.A.,
namely Hume-Rothery. The contents list takes up nine
pages and the index no less than 28 pages, and even then the
latter is incomplete. However, both contents list and index
are well done and most valuable. They indicate that the
subject matter is so wide that it cannot be covered in detailed
or other than dogmatic manner in a book of this convenient
size. That is an indication of the thoroughness with which
the authors have tried to cover the subject of physical
metallurgy from the point of view of engineering students
who must absorb the whole subject in one single semester.
To help these student readers each chapter is given a tail
piece of a dozen or more questions, and it will be a very good
student who can answer them all satisfactorily after a
semester, or indeed in his lifetime.

One may question the desirability of teaching men to use
the discoveries of others without also giving them knowledge
of thoso to whom they are indebted. It might surprise
American engineering students to know that in other countries,
Bessemer, Siemens, and Hadfield steels, Muntz metal,
Duralumin, Elektron, and beryllium were first invented or
produced; ifso they must seek elsewhere for such knowledge.
It may not be money-making knowledge, but it is part of a
real education in metallurgy.
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Plating from a Non-Cyanide Bath " ; J. McNeil, " Efficiency and Economy
in the Elcctrodeposition of Nickel”; It. U. Khan, “ Common Plating
Troubles and Their Cures”; T. Banerjee and B. D. Sen, “ Some Jari
Plating Defects and Their Removal ”; P. K. Gupta and B. R. Nijhawan,
"Metal Surface Protective Coatings”; S. Hebei, “ Rust-Prooilng and
Phosphatizing Treatment of Metals ”; M. Roy and T. Banerjee, “ Metal

Finishing ”.]

Shoenberg, D. Supracondudivity. (Cambridge Monographs
on Physics.) Second edition. 8 x 51 in. Pp. 256,
with 59 illustrations. Cambridge : University Press.
(27s. 6d.)

Wagner, Erhard. Chemie in der Giesserei. Herausgegeben

vom Verein Deutscher Giessereifachleute. 21 X 15-5
cm. Pp. 84, illustrated. 1952. Ddisseldorf: Giesserei
Verlag. (Brosch., DM 3.60.)

#Wilson, A. J. C. Edited by. Structure Beporls for 1949.
Vol. 12. 9J x 6| in. Pp. viii+ 478, illustrated.
1952. Utrecht: N. V. A. Oosthoek’s Uitgevers MIJ.
(for the International Union of Crystallography). (55
Dutch florins, post free.)

+Woodward, 0. H. A Review of the Broken Hill Lead-Silver-
Zinc Industry. 9 X 6 in. Pp. 400, illustrated. 1952.
Melbourne :  Australasian Institute of Mining and

Metallurgy (n.p.)

REVIEWS

There is much in the book that will be of value to engineers,
little that is irrelevant, and it offers excellent technical
information.

T. Henry Turner.

Progress in
Chalmers.

Metal Physics. Vol. 4. Edited by Bruce
9} x 6}in. Pp.viii + 403, illustrated. 1953.
London : Pergamon Press, Ltd., 2, 3, and 5 Studio Place,
S.W.l. (60s.)

To workers in the various fields of metal physics, and
indeed to most general metallurgists (for, after all, metal
physics is no more than the more fundamental aspects of
metallurgy), the volumes of this series are by now thoroughly
familiar. The earlier volumes are undoubtedly referred to
constantly, both for references and for subject matter, if the
particular topic in which the worker is interested is one which
has been dealt with. The latest volume comprises seven
reviews, two of which are follow-up articles on subjects
covered in the first volume of the series, the remaining five
being on new subjects. The editor is fortunate in having
been able to retain for the repeated subjects the same authors
as prepared the original reviews, and continuity in style and
treatment is thereby assured. This matter of stylo is
particularly noticeable to a reviewer who studies the whole
volume in a relatively short space of time and is thus forced
to note the different methods of treatment of their subjects
by the various authors. It would be unfair, however, to
ascribo differences of this character solely to the authors,
since the presentation of a logical and coherent story depends
very much on the extent to which research has led to a well-
established and unifying theory, and the subjects covered
are by no means uniform in this respect.

The first chapter, by A. S. Nowick on “ Internal Friction
in Metals ”, deals with the subject purely as a research tool
to study the internal structure of metals and alloys and is
not concerned with engineering applications of damping
capacity. Experimental methods are referred to very briefly,
and the article deals mainly with internal friction produced
by atomic movements, i.e. stress-induced ordering, relaxa-
tion across interfaces, or the movement of dislocations.
Other sources of internal friction on which less recent work
has been done, such as thermoelastic and magnetoclastic
effects, are covered less fully.
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Karl Hauffe lias contributed extensively to the current
state of knowledge of the mechanism of high-temperature
oxidation, and his chapter on this subject is an excellent
review. The oxidation of alloys involves so many factors
of diffusion rates, activities, &c., that it is not surprising
that technically important cases are very imperfectly under-
stood. Tho influence of fractional percentages of reactive
elements in controlling the oxidation rate of alloys, mainly
by modifying the cracking and flaking tendency of the scale,
is not referred to in the review but is well worthy of funda-
mental study.

Chapter 3 on “ Gases in Metals ”, by C. R. Cupp, is largely
a factual review of the effects of dissolved gases on the pro-
perties of solid metals. It includes a section on internal
oxidation which might have been better included in the
previous chapter.

“ The Theory of Sintering ”, by G. A. Geaeh, shows that
tho mechanism of this process is clearly a long way from
being understood, and as the author implies in his last
paragraph a good deal of carefully controlled experimental
work is required.

A. H. Cottrells chapter, “ Theory of Dislocations ”, is the
second review of this title, and shows very clearly the im-
portant progress made in this field in the last few years.
More direct evidence of the existence of dislocations has been
obtained from the study of growth spirals, and the conception
of the Frank-Read source has contributed to a knowledge of
their method of generation. Advance has been made in
the application of dislocation theory to problems of work-
hardening, annealing, creep, &c., and these are dealt with
in an admirably clear and logical manner. It is to bo
expected that a third article on this subject will be required
in a few years’ time, and it is hoped that nothing will prevent
Professor Cottrell continuing as author, for a more lucid
expositor of a complex subject could hardly be obtained.

The sixth chapter, by A. D. le Claire on “ Diffusion in
Metals ”, is also a second review, and deals mainly with tho
experimental advances made in the study of the Kirkendall
effect and of grain-boundary and surface diffusion and the
theoretical implications of this work.

The final chapter, “ Nucleation ”, by J. H. Hollomon and
D. Turnbull, deals with the theories developed to cover the
growth of liquid phases from vapours and ofsolids from liquids
and shows how they have been extended to describe tho more
complex cases of nucleation of new phases in solid-metal
systems which can involve changes in composition and the
development of strain in addition to the structural changes.

The volume is a most welcome and valuable addition to
the series, and confirms the view that progress reviews of this
typo are perhaps the only medium by which a research
worker can keep informed on developments in fields other
than that of his own immediate interest. One cannot help
feeling, however, that the standard is becoming rather high
for the non-specialist reader. The specialist in any subject
will presumably have studied tho original publications and
with his understanding of the subject can use the review
rather to “ recap ”. The non-specialist, on tho other hand,
will not usually be able to spare the time for tho close and
intensive study which the more advanced of these reviews
demand. It would be a great pity if competition in erudition
between authors should lead to the reviews being read only
by experts—for the volumes would then fail in their avowed
purpose.

W.

Betteridge.

Titanium Metal and Its Future. By R. M. Burston, C. D.
Croshy, G. A. Goetz, IV. W. Minkler, Ferd Nadhemy,
G. P. Little, G.J. Sella, W. W. Sherrill, and J. M. Wermuth.
[Mimeographed.] Il X Sl in. Pp. 100, illustrated. 1952.
Obtainable from Clifton D. Crosby, 9114 North Swan
Circle, St. Louis 17, Mo., U.S.A. ($10.00.)

The specific object of “ Titanium Metal and Its Future ”,
a report written in the early part of 1952 by a group of second-
year students at the Harvard Graduate School of Business
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Administration, is to inform the entrepreneur of the present
economic aspects and the future possibilities of titanium
without too much emphasis on technology. The first half
of the report deals with present-day aspects of titanium and
the titanium industry and consists of an historical intro-
duction; properties of commercial titanium and its alloys,
largely taken from manufacturers’ data books; raw material,
extraction, melting, and fabrication; and information about
companies producing, fabricating, and engaged in research.
The treatment of the technical sections is perfunctory, and
the specialist seeking new data or even a co-ordinated survey
of available technical information will find little to interest
him. A section on the American titanium industry, although
interesting, is becoming out of date as month by month now
names of interested companies are announced.

The second half of the report is devoted to the future of
the titanium industry. The limitations of the Kroll process
are discussed and alternative methods of extraction canvassed.
The authors considerthatan electrolytic process will eventually
be chosen. However, few informed readers would agree
that the cost of titanium could fall as low as the suggested
value of 30 cents per Ib., in view of the inherent difficulties
involved in separating a solid, easily oxidizablo product from
a hot fused electrolyte. A section on future developments
in titanium alloys dismisses existing alloys somewhat
cavalierly and points to the necessity of obtaining better
ductility with high strength, and if possible, an addition
which will reduce tho embrittling effects of oxygen and
nitrogen.

The authors’ significant contribution is to be found in
the remainder of the report in which they discuss the future
development of the industry and the ability of titanium to
compete with other structural materials. The chief uses of
titanium, they suggest, will be for those parts at present
made in stainless steel. Competition by titanium in the
field of aluminium, magnesium, and copper alloys and of
plastics will be unimportant in the foreseeable future. The
authors therefore examine in detail the fields in which it
would pay to replace stainless steel sheet by titanium sheet
at various prices, and calculate that the total demand for
titanium on the basis of present prices ($20 per Ib.), S5 per
Ib., and $3 per Ib. would be 9,000, 24,000, and 86,000 tons
per annum, respectively. Tho last price, they consider,
would make it worthwhile to replace all stainless steel by
titanium, a threat which some stainless-steel companies in
the U.S.A. have recognized by interesting themselves in
titanium production. A section is devoted to the location
of a titanium industry', and although this is related to the
economics and geography of the North American continent,
the findings are worthy of note by' those who will have the
responsibility of setting up integrated titanium industries
in other countries.

The report faithfully reflects tho attitude of operators in
the American industry' at the beginning of 1952, and, though
the position has somewhat changed since then, many of the
authors’ observations on the economic factors which will
affect the development of the titanium industry still hold
and are worthy of attention today.

J. W.

R odgers.

Treatise on Powder Metallurgy. Volume Ill.-—Classified and
Annotated Bibliography. By Claus G. Goctzel. 9 x 6 in.
Pp. xxiv+ 899. 1952. New York. Interscience Pub-
lishers, Inc. ($22.00); London : Interscience Publishers,
Ltd. (176s.)

This large volume adequately rounds off Dr. Goetzel’s
really monumental work, the outstanding features of which
have already been reviewed (M.A., 17, 410; 19, 93). The
bibliography is in two parts : a literature survey containing
5535 entries and a patent survey listing the astonishingly
large number of 6330 patents or patent applications. Both
of these surveys are classified chronologically according to
subject in sections conforming with the chapter headings of
the first two volumes; and each entry' is annotated with up
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to ten lines of explanation and summary.
a namo index.

The period covered in both parts is up to January 1950,
and the surveys are, as far as can be judged, both competent
and remarkably thorough. It is only in the patent section
that consistency is lacking. Here an apparently arbitrary
choice has been made between similar patents filed in more
than one country. The patent which has been selected is
not always that filed in the country of origin; and un-
fortunately no cross-references are given to corresponding
patents in other countries. Taken as a whole, however,
there can bo nothing but admiration for the painstaking
labour and the judgment that have gone into the preparation
of these volumes. Dr. Goetzel has brought a great work to
a triumphant finish.

Finally, there is

J. C. Ckaston.

Die-Casting. By Charles 0. Herb. Second edition. 9 X 6 in.
Pp. [iii] -)- 310, illustrated. 1952. New York: The
Industrial Press, (S4.50); Brighton: Machinery Publish-
ing Co., Ltd. (37s. Crf)

In accordance with American nomenclature, this book is
mainly confined to the various means of producing pressure
die-castings, and makes little or no reference to the gravity
or permanent-mould die-casting. One chapter, devoted to
die-casting in cast iron, confines itself to a description of a
system which is very novel and, the reviewer believes,
relatively unknown in this country at least.

The evolution of pressure die-casting machines is traced
from the year 1838, when the original machines were capable
of working only with lead and the Babbitt type of metals,
to the present-day machines that are producing castings in
zinc-, aluminium-, magnesium-, and copper-base alloys.

Operation of the early machines was by muscular effort.
By contrast the modern machine is power-operated, usually
with its built-in electric-motor-driven pump for an oil-
hydraulic system operating at high unit pressures. Whereas
injection pressures of the early pressure casting machines
were in the region of a few hundred pounds per square inch,
the modern cold-chamber machine seldom operates below
5000 Ib./in.2 and frequently operates in the neighbourhood
0f 30,000 Ib./in.2. This single factor has done much to make
possible sound, homogeneous pressure die-castings in a range
of alloys adequate to meet modern industrial requirements.

The modern machines, with push-button control, semi- or
fully-automatic cycles, and predetermined, accurately con-
trolled solidification dwells, are largely responsible for pro-
duction rates that are high judged by any normal manufactur-
ing standards. The performance of the machine is, however,
basically controlled by tho quality of the tools contained
therein; the main value of the book becomes apparent,
therefore, when it is mentioned that it contains many excellent
photographs and drawings of a wide assortment of die designs,
and of some really outstanding large castings, particularly
of an automobile radiator grille, oil sump, and door-frame.

Fundamental die design varies, firstly in respect of the
alloy in which the castings are to be produced, secondly in
respect of tho injection system employed, and thirdly in
respect of the geometrical and physical characteristics of
the casting. Many of the problems, in numerous and varied
forms, receive adequate mention, but it is perhaps a pity
that practically all tho designs illustrated are associated with
the split-sprue systems of injection, whereas in practice, the
centre-sprue system undoubtedly predominates throughout
the world. This, however, does not detract from the many
examples of mechanical devices employed for core pulling
and various other features essential to the functioning of
the tools.

The book is unpretentious in matters of theoretical con-
siderations, but is written in an easily assimilated style, and
perhaps its greatest value will be found in providing the
student engineer with a working knowledge of the process,
and will, it is hoped, whet his appetite for further, but more
advanced, knowledge on the subject.

H. W. Fairbaurn'.
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Handbuch der altesten vorgeschichtlichen Metallurgie in
Mitteleuropa. Von Helmut Otto und Wilhelm Witter.
29 X 21 cm. Pp. v -- 222, with numerous illustrations,
33 plates and 31 tables. 1952. Leipzig: Johann
Ambrosius Barth. (Brosch., DM 63.40 ; geb., DM 65.40.)
The term Bronze Age has no absolute chronological value;

it is the name usually given to that period of human culture

during which tho alloying of copper with tin in regular pro-
portions became a widespread practice. Archaeologists
generally are agreed that the manufacture of bronze imple-
ments and ornaments started at Hissarlik, near the Darda-
nelles. From Hissarlik the art spread in a very little while

throughout Europe and beyond. The time was some 2000

or 3000 B.C., tho age of the erection of Stonehenge and the

megalithic remains at Carnac. The blowpipe, crucible,
and alembic had already been invented in Egypt (although

1 note (p. 52) that tho authors consider that tho crucible

was not available at that time—archaeologists hardly ever

agree !), so that apparatus for smelting and casting was to
hand; for fashioning his metal early man had only a stone
hammer and stone anvil.

Tho work before me shows how very widely throughout
Germany, Hungary, Yugoslavia, and Northern Italy the
arts of bronze making, smelting, and casting were practised
in tho so-called Bronze Age, for hero are given analyses
of 1374 pro-historic bronze implements and ornaments
obtained from about 150 museums and private collections.

It has emerged, from studies carried out over the last
100 years or so, that copper and tin deposits in Europe differ
slightly in composition among themselves, and these slight
differences are reflected in the metal extracted from the
respective ores and in articles made therefrom, so that an
analysis of the finished article should lead to a knowledge of
its place of origin. Hitherto, such analyses have been
carried out by the time-consuming and destructive processes
of customary qualitative and quantitative analysis. The
authors now break comparatively new ground in determining
the composition of these 1374 irreplaceable prehistoric
ornaments and implements—some possessing considerable
artistic merit—by spectrographic analysis. About 0-2 g. of
material was removed from an inconspicuous place and
fashioned into two electrodes of dimensions 5 x5 mm., and
the composition was determined spectrographically by tho
method of homologous paired spectral lines, using a condensed
spark discharge. Occasionally, the specimen itself was used
as an electrode, the patina having been previously removed.
The authors remark very naively (p. 58) “ with practice the
bore-hole can be closed, so as not to be seen under careful
inspection ”. | certainly hope so, but . . .

The results are collected in 10 tables, giving the percentage
content of the various alloys in Cu, Sn, Pb, Ag, Au, Ni, Co,
As, Sb, Bi, Fe, and Zn. Truly a monumental achievement.
Tho authors draw seven important conclusions from their
work, the principal of which are: (1) that mid-Germany
was a very considerable metallurgical centre during the
Bronze Age, and (2) that Hungary, on the contrary, in that
period, was not a metallurgical centre of any consequence,
and relied principally upon native supplies of copper, of which
considerable amounts were found even in historic times in
that country.

This work of very considerable erudition is provided with
adequate name and subject indexes, which, among other
things, list the places where the various specimens were dug
up. References to original papers number about 700, drawn
from the scientific literature of all countries. The pioneering
swork of Dr. C. H. Desch (reported to the British Association
for the Advancement of Science in 1928-38) relating to
Sumerian copper is much praised (p. 16). The book is not as
well got up as is usual in German publications : the paper is
not too strong and, except for the art paper used for photo-
graphic reproductions, is not of good quality. The difference
in price between the bound and unbound volumes is only
2 DM; | recommend anyone purchasing the book to choose

the former.
J. S. G. Thomas.
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How many furnaces can you count

—two or three ?

“ You needed three.to keep pace with the new production line. it’s that which has made the difference. They’re built of a
- - - Where's the third? light-weight brick with a very low thermal capacity—and
In the other two. We've increased their capacity by fifty it’s ggood insulator into the bargain. jNe use no more fuel
per cent. We get six charges per shift instead of four.” for six charges than we used for four.
« ” * The old hot face insulation, eh? Shouldn’t have thought it
They look about the same. ,
would stand the temperature.
“As amatter of fact, externally, they are exactly the same.  « The old stuff wouldn’t. This is something new: stands
A Dit larger inside—thinner walls. But that’s not the point) 154°°C or 2800°F if you prefer it that way hence its name
we ve cut down the heat the walls soak up on every charge, M.1.28. M. for Morgans of course.”

MORGAN

, veffactories

ARE WORTH FAR MORE THAN THEY COST

Tel: Neston 1406

THE MORGAN CRUCIBLE COMPANY LTD. (Refractories Group), Neston, Wirral, Cheshire.
N.E.2S
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For highest speed
with absolute

precision—specify

No. 4 Turning and
Screwing Brass Rods

Ever higher speeds demand ever greater precision—and
British industry needs both if production is to be increased
and costs reduced. McKechnie Brothers have developed a
range of standard high-speed turning and screwing rods,
including the popular No. 4 and Y S, all of which are guaran-
teed to combine the correct alloy and temper for maximum
machine speeds and longest tool life. For full details of these
and other MKB free machining rods please write to—

MIKECHNIE

BROTHERS LIMITED
14, BERKELEY ST., LONDON, W .I. Phone: Mayfair6182-3-4

Metal Works: Rotton Park Street, Birmingham, 16.
Other Factories : Widnes, London, South Africa, New Zealand.

Branch Offices: London, Leeds, Manchester, Newcastle-on-Tyne.
Gloucester, Paris.

28

DIAL
THERMOMETERS,
RECORDERS &
CONTROLLERS

for

INDUSTRIAL,
MARINE and
LABORATORY PURPOSES

See... STAND 93

BRITISH INSTRUMENT INDUSTRIES
EXHIBITION 30 JUNE—II JULY
10a.m.-6.30 p.m. OLYMPIA, LONDON

BI-METAL
MERCURY-IN-STEEL
VAPOUR PRESSURE

THE BRITISH ROTOTHERM CO. LTD.

Merton Abbey, London, S.W.19 “pbone LIBerty 7661
and at 87 St. Vincent Street, Glasgow, C.2

PARK t PATERSON MR,

Metal Merchants. Smelters, and Alloy Manufacturers

PAKKH1A®. ©1A8©0W, 1.1

TELEPHONE, ABC CODE’ TELEGRAMS!
BRIDGETON 1Sn S,h EDITION *CUPRUM  GLASGOW
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electric Process I—Ieaﬁng

VIJURNACES

® Bold thinking about bigger production

demands new methods of heat treatment.
G.E.C. electric process heating ensures maximum
output and true economy. The many heating
equipments in its range are clean, safe, simple to
operate, and heat rapidly to constant correct

and controlled temperature. Its versatility is

being proved every day.

« Its applications are many : for heat treating
drying paint and
For example, the

steel, setting resin glues,
numerous other processes.
vertical cylindrical furnace is widely used in
heavy industry for the bright annealing of

most metals.

e G.E.C. has had many years’ experience in
the design and construction of heating plant. The

Company’s specialists welcome opportunities to

discuss potential uses with engineers and

metallurgists.

GENERAL ELECTRIC CO. LTD.

1953

MAGNET

INFRA REDM"'HIGH

HOUSE,

Furnace Plant

G.E.C.
VERTICAL CYLINDRICAL FURNACE

The charge is carried in the heat-resisting steel
container. Rapid and uniform heating is
ensured by the forced convection set up inside
the container by the high-speed fan combined
with the correctdistribution ofheating elements
on the furnace wall.

\ ertical cylindrical furnaces provide a perfect
bright anneal for most ferrous and non-ferrous
metal and alloys in coils of wire or strip.

KINGSWAY, LONDON, W

FREQUENCY

.C.2

29
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NON-DESTRUCTIVE TESTING

for

EQUIPMENT

X-radiography
Gamma radiography

Ultrasonic flaw detection
Magnetic Crack detection

Eddy Current Testing

N-D-TESTING SERVICE

X-ray Fluoroscopic Equipment

at our laboratories at

BUSHEY and MATLOCK

or on Site

SOLUS-SCHALL LIMITED

18.NEW CAVENDISH STREET. LONDON W.
X-RAY.GAMMA RAY.ULTRASONIC.MAGNETIC.

FULBOND

TRADE MARK

helps at every stage

MOULDING
‘FULBOND’ improves the texture of natural and synthetic
sands. It imparts many valuable properties.

For service and information write to:-

THE FULLERS’ EARTH UNION LTD-

Patteson Court, Redhill, Surrey
Telephone REDHILL 3521

30

THE

EQUIPMENT FOR THE

$1.50, postfree.)

contents: Electric Furnaces for the
Thermal Treatment of Non-Ferrous
Metals and Alloys; Gas Equipment
for the Thermal Treatment of Non-
Ferrous Metals and Alloys; Batch
and Continuous Annealing of Copper
and Copper Alloys; Bright Annealing
of Nickel and its Alloys; Batch
Thermal Treatment of Light Alloys;
Flash Annealing of Light Alloys;
Continuous Heat-Treatment of Alu-
minium AlloysoftheDuraluminType.

4 Grosvenor Gardens, London, S.W .|

THERMAL TREATMENT
OF NON-FERROUS METALS AND ALLOYS
Cloth. 4to. 1952. Pp. 104, with 14 plates and

numerous figures in the text.
post free. (Members, one copy each at 7s. 6d. or

Price 155. or S2.50,

INSTITUTE OF METALS
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5,250-kW synchronous motor-generator set for
the above mill.

750-h.p., 300/600-r.p.m. mill motor and 225-h.p.,

225/900-r.p.m. reel motor, each with appropriate
control gear, driving No. 1 skin pass mill

Member of the AEI group of companies

Three of the four 1,500-h.p., 300/600-r.p.m.
D.c. motors, with appropriate control gear,
driving the 4-stand tandem cold strip mill.
The reel on this mill is driven by a 225-h.p.,
225/900-r.p.m. d.c. motor.

BTH manufacture electric drives for all
types of rolling mills. The illustrations
show some of the equipment installed in the
Shotton Works ofJohn Summers & Sons Ltd.

Over 500 Mazda Mercury' Vapour lamps, com-
plete with control boxes and auxiliary gear, were
supplied for the lighting of the melting shop,
scrap shop, and the maintenance workshop.

The services of BTH specialists in electric
equipment for rolling mills are freely at the
disposal of consulting and operating engineers.

THE

BRITISH THOMSON-HOUSTON

COMPANY LIMITED. RUGBY. ENGLAND
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Stone’s castings have always held an
important place in every phase of
engineering development. The oil
circuit breaker illustrated (manufac-

tured by the Brush Electrical Engin-

eeringCompany Ltd.) incorporates
high conducti'ity copper castings-
97% 1.A.C.S., and provides a
typical example of the many uses
for the high quality products of
our foundries. Every stage of
casting production is quality-
controlled ; faults are detected
radiologically before machining.

The specialized knowledge and ex-

perience gained by our metallurgists

and foundrymen over many years in

solving casting problems is available

at all times. The Stone *“ Service to

Industry ” is a feature ofour organization

of which we are proud. You too could
no doubt employ it to advantage.

r o i

& COMPANY (CHARLTON) LIMITED

LONDON « S.E.7.

CHARLTON

The photograph of the 3,000 amp. 440 volt oil circuit breaker, of breaking capacity
30 mVA, is reproduced by courtesy of the Brush Electrical Engineering Company Ltd.
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