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Production at Kent Alloys is founded on 
a basis of accurate laboratory control at 
every stage. It is the spcctrograpliic 
control of alloys, the radiographie control 

of castings which, combined with 
W certainty as to tensile strengths 
and hardness, ensure Consistency and 
Confidence.
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V I B R A T I O N  destroys A C C U R A C Y

S e n s i t i v e  I n s t r u m e n t s

are easily damaged by vibration. Sometimes the damage is not instantly destructive, 
but is in the form of accelerated wear which sets up extra friction, impairs 
accuracy, and reduces the value and reliability of the readings obtained. 

The danger of vibration to aircraft instruments is well known—thousands 
of them are carried on Metalastik mountings.

But in the factory and the power-station, the effects of vibration 
are not so obvious—but often cause serious harm.

We m aintain a fu ll research staff with complete equipm ent, and 

can analyse vibration from  any source and o f any character, and 

design mountings to reduce or elim inate their harm ful effects.

The small illustrations show three Metalastik instrument 
mountings, the low-frequency type, left, the cross-type, 

centre, and the stud-type, right.

M etalastik Ltd. Leicester
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VICTOR S u p e à m t x

X-RAY FILM PROCESSING CHEMICALS

VICTOR X-RAY CORPORATION Ltd.
15-19 C avend ish  Place, London, W . l  L A N g h a m  4074

B IR M IN G H A M  B R IS T O L  G L A S G O W  M A N C H F S T F R  d i i r i  iw  
B E L F A S T  E X E T E R  L E E D S  S H E F F IE L D  N O T T IN G H A M  L IV E R P O O L

S U P E R M IX  PRICES
Developer :

to make 1 gall. 6 6
„  „  2 „ II/-
,. 5 „  

r :

27/-

to make 1 gall. S 6
n 2 „ 9/-
.. 5 „ 23 -

. . . .  ctd ad -eadif ad th a t -
You simply pour these liquid concentrates into your tanks and
add w a t e r .................no time lost in dissolving powders or
adjusting solution temperatures. They will reveal in every film 
all the diagnostic qualities which your exposure makes possible, 
In contrast, density and detail.

 anztad eantamicaJ. ad thud-
W ith these longer-lasting Supermix solutions you can process 
“ P 75% more films than with conventional processing 
chemicals. Unusual speed of developing (3 minutes at 68° F.) 
and fixing (less than 1 minute) will expedite your darkroom 
work ; or, by developing 5 to 6 minutes you can reduce x-ray 
exposure 20% to 25% to economise in tube life. LONG-LIFE 
 S P E E D  C O N V E N IE N C E  are the hall

marks of Victor SUPERM IX.
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l l . l  Oltl» PLATES
for PHOTOMICROGRAPHY

IL F O R D  L I M IT E D  m a n u fa c tu re  a  w id e  ra n g e  o f  p la te s  a n d  
film s w h ic h  a d e q u a te ly  c o v er s  e v er y  req u ire m en t o f  th e  
m eta llu rg ist  w h eth er  fo r  la b o r a to ry  resea rch  o r  r ec o rd  p u r 

p o se s . E x p e r ie n c e  h as p r o v e d  th a t fo r  th e  p h o to m ic r o g r a p h y  
o f  p o lish e d  sp ec im en s  there is n o  b e tter  p la te  th a n  th e  Ilford  
C h r o m a tic  fo r  g en era l u se  w h er e  a c h r o m a tic  len se s  are  u sed  in  
c o n ju n c t io n  w ith  d e e p  y e llo w  o r  g reen  filters .

T h e  I lfo r d  b o o k le t  “  P h o to g r a p h y  a s an  a id  to  S c ien tif ic  
W o r k  ”  p r o v id e s  th e  resea rch  w o r k e r  w ith  a  c o n c is e  g u id e  to  
th e  se le c t io n  o f  p h o to g r a p h ic  m a te r ia ls  fo r  ev ery  sc ien tif ic  
p u r p o se . A  c o p y  sh o u ld  b e  in ev ery  resea rch  la b o r a to ry .

ILIFORD 
P ro cess Plate
H. & D. 25 For all cases 
where high resolution 
is necessary.
ILFORD
C h ro m a tic  Plate
H. & D. 135. For 
polished steel sections, 
in conjunction with a 
green filter.
ILFORD
R ap id  P rocess Pan
ch ro m a tic  Plate
H. & D. 100. For speci
mens showing oxide or 
sulphur films but fre
quently used for all 
specimens.
ILFORD
S.R. P a n ch ro m a tic  
Plate
H. & D. 700. A faster 
plate.
ILFO RD
H y p e rse n sitiv e
P a n ch ro m a tic
Plate
H. & D. 3,500. For 
conditions of low in
tensity lighting, such as 
work with polarised 
light at high magnifica
tions.

base by w ire pistolM ild steel sprayed on m ild steel 
process

Base M e ta l— fe rrite  (w hite), p earlite  (half tone)
Sp rayed  M e ta l— 1st phase (w hite), 2nd phase (half tone), pores (black)

(B y  courtesy o f  M essrs. M etallisation L td .. S taffordshire Education Com m ittee  
and H . A . M acC oll, B .S c .)

Technical Details
ETCHED—Picric Acid 
MAGNIFICATION—X 150 
OBJECTIVE—16 mm. achromat 

N.A. O. 28 
ILLUMINATION—Glass slip vcr- 

tical illumination

EYEPIECE—X 6 compensating 
LIGHT SOURCE—100 c.p. Point- 

olitc D.C.
FILTER—Ilford Micro 3 (green) 
PLATE—Ilford Chromatic 
EXPOSURE—50 secs.

I L F O R D  L I M I T E D  • I L F O R D  • L O N D O N
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Danish physicist, when, 
in 1825, he succeeded 
in isolating aluminium. 
Sir Humphry Davy had 
forecast its existence, 
but to Oersted belongs 
the credit of actual 
p ro d u c tio n  of th e  
metal.

Almost a hundred 
years w e re  to pass 
before the widespread 
use of aluminium dem
onstrated the value of 
Oersted’s discovery —  
today we look forward 
to a world in which 
aluminium will play an 
even greater part. The 
combined technical 
knowledge of the prin
cipal p rod ucers  of 
aluminium alloys is at 
the service of all who 
seek to use their re
markable properties.

U N I O N  C H A M B E R S  

63 T E M P L E  R O W  

B IR M IN G H A M  2
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Mr. Huntsman pulls a tooth
BENJAMIN HUNTSMAN (1704-1776), the Inventor of Crucible Cast Steel in its 

present form, was a remarkably shrewd, observant and practical 
man. Starting as a Clockmaker and Mender in Doncaster, the 
constant breaking of English springs led him to manufacture 
his own steel, which later became his whole occupation. In 
addition, it is recorded of him that he practised Surgery with 
dexterity, and was held in special esteem as an Oculist; he was 
always ready to give advice in surgical cases, although he always 
declined payment. His skill was always at the disposal of his 
workpeople, and one may imagine that many an aching tooth 
was promptly disposed of.

BROCKHOUSE CASTINGS LIM ITED produce steel castings to 
all commercial specifications, specialising in heat-resisting steels 
produced by the modern equivalent of the Huntsman process. 
Recent developments have led to the actual casting of Ships’ 
Chains and Cable, an interesting casting technique which we 
shall be pleased to explain to you if you are interested.

CASTIN GS in ST EEL

S h ip s ’ C a b le  c a s t  in  m ild  s tee l, p ro o f 
lo ad  te s t  o f 134 to n s , b y  B R O C K 
H O U S E  C A S T IN G S  L IM IT E D .

B R O C K H O U S E
W E D N E S F I E L D ,
Telephone

C A S T I N G S  L T D .  
W O L V E R H A M P T O N

Fallings Park 31221

Holdens
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J O H N
D A L E

ALUMINIUM
ALLOY
CASTINGS

P R E S S U R E  T I G H T
W e sp ec ia lise  in the m a n u fa ctu re  o f  m ed iu m  
a n d  h ig h  stren g th  a lu m in iu m  a llo y  c a s t in g s 'to  
w ith s ta n d  h ig h  p ressu res, su ita b le  fo r  P u m p s  
a n d  c o n n e c t io n s  in  H y d r a u lic  a n d  F u e l S y s tem s .

JOHN DALE LTD., BRUNSW ICK PARK RD„ 
N E W  S O U T H G A T E ,  L O N D O N ,  N . l l
Telephone & Telegram s: LONDON— ENTerprise 1167-8-9

7/43B
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F O U N D R Y P R A C T I C E

A Pocket Journal lor thou who or« intcrcitcd In

B E T T E R  C A S T I N G S  A T  L O W E R  C O S T

“ Foundry Practice" Is sent free on 
request to any Foundryman. It Is to 
help the practical man overcome his 

difficulties.

The following articles appeared in 
recent numbers o f “ Foundry Practice” :

Sa nd  C a s t in g  D T D .4 2 4  .. FP.59
U se  o f C h i l l s  in Sand  M o u ld s  FP.60 
C o r r e c t  C u p o la  O p e ra t io n  FP.60, 62 
Sand  M ix t u r e s  .. .. .. FP.60
D e o x id a t io n  o f N ic k e l A l lo y s  .. FP.61
W a r  E m e rge n c y  B r it is h  S ta n d a rd s  FP.61 
R u n n e r s  and  G a t e s . . .. FP.63
A lu m in iu m  G ra v it y  D ie c a s t in g  FP.64, 65
A.B .C . o f  H e a t T re a tm e n t  .. FP.65
C a s t  I r o n  L in e rs, C a s t  I r o n  

P is to n s  .. .. .. FP.66, 67
L .33  T e st  B a rs  .. .. F P .66
M a g n e s iu m  -  M o u ld in g  M e th o d s,  

Sp ec ifica t io n  .. .. .. FP.67

A p p lic a n t s  w ill be p u t  o n  the  m a ilin g  list  
and posted  back n u m b e rs ,  if st ill in p rin t.

F O U N D R Y  S E R V I C E S  L T D
285/7 Long Acre • Nechells • B IR M IN G H A M  7

B E T T E R  t o o ls . . .

■V&oS-i*
B'

A t-

•  Owing to the restricted use of 
Aluminium. Dies for producing 
Aluminium Castings can be modified 
for Brass Production.

•  Let us, as the Pioneers of Brass 
Gravity Die Casting, help you In 
your Technical Problems.

•  Our Highly Skilled Technical Staff, 
Modern Foundries and many years’ 
Experience are at Your Service.

N O N -F E R R O U S  
DIE C A S T I N G  C O . LTD .
N o rth  C irc u la r Road, C ricklew ood, 
L O N D O N , N .W . T e le p h o n e : G L A d s t o n e  6 3 7 7

J A B R O C  the im proved  Lam inated Plastic 

Materia l is being used in  ever-increasing 

vo lum e  for tools, jigs, templates, stretching 

blocks, etc.

liN 'SU L -J A B R O C  and fabric and paper based 

J A B L IN  arc  p rov ing  o f  vital im portance 

where strength and electrical insulation are 

required.

J A B L O  P R O P E L L E R  B L A D E S  as fitted to 

the m ajority o f  Spitfire, Hurricane, Beau- 

fighter and other leading A ircraft a rc  p roo f 

o f  the h igh quality o f  this w e ll-k n o w n  

fam ily o f  Lam inated  Plastics.

Decades o f  experience and  o u r  h igh ly spe

cialised team o f  technicians will assist you  

with y o u r  current and post-w ar problems.

M O U L D E D  C O M P O N E N T S  ( J A B L O )  L T D . 

T k t  P i o n e e t i  ojf j C a m in a ie d  P l a i t i c i
11 OLD QUEEN *1.. LONDON. J.W.I
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PRODUCTION FOLLOWS 

RESEARCH

Aluminium and its alloys have given 
immense service to the war effort, for pro
duction has followed research. Aluminium 
and its alloys have taken many shapes, 
and performed many tasks as a result of 
bold, inventive thinking that began in a 
laboratory. Research continues while 
production increases.

A L U M I N I U M  UNION L I M I T E D
GROSVENOR HOUSE. PARK LANE. LONDON. W.l
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M e n  w h o  d o  t h e

i m p o s s i b l e

THE
SHANNON LIMITED
IMPERIAL HOUSE, (Dept. E.5), 

15-19, KINGSWAY, LONDON, W.C.2

A n d  at B irm ingham , B risto l, L ive rpoo l, 

M anche ster, N ew castle , G la sgo w  (Agen t)

The greatest aid to business control is the 
system that gives Instant access to all vital 
facts and figures relating to the business. 
Shannon Visible C ontrol in fact. Let us send 
you details. To comply with regulations 
please send Id. stamp.

SUPINOL-N SEMI-SOLID OIL
i s  a  specialised n e w  t y p e  o f  c o r e  
b i n d e r  o f  p a r t i c u l a r  s e r v i c e  t o

A L U M I N I U M  C A S T I N G S
because it has

IN THE GREEN STATE  :  All the working properties of a semi-solid 

D U R I N G  C A S T I N G  All the advantages of a high-grade oil

MET’ ° ur Product gives freedom from
NOXIOUS FUMES — METAL PENETRATION  

Y5> KNOCKOUT d i f f i c u l t i e s - m e t a l  d i s c o l o r a t i o n
Z l  q j K j r  jo  IN REGULAR use BY LEADING ALUM INIUM  FOUNDRIES

\  /O  M anufactured by

F. & M. S U P P L IE S  L T D .
2|/3> C O L D H A R B O U R ,  L O N D O N ,  E.I4

A lso  m an u fac tu re rs o f  D aga sse rs, Refiners and C o v e r in g  A g e n ts  fo r  A lu m in iu m  A llo y s ,  P a rt in g  P o w d e r,
etc., o f e xcep tiona l qu a lity
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S E LF  C O N TA IN E D

STRAIGHTENING PRESSES
VERTICAL i HORIZONTAL TYPES 
FOR ALL POW ERS AND PURPOSES
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PH ILIPS

2 X 8 S.UJ.G. ùt
TH E spot welding of 2 x 8 s.w.g. in light 

alloys is an outstanding achievement in 
resistance welding, which has been made 
possible by the development of the new 
Philips condenser discharge ‘stored energy’ 
welder —  the E. 1501.

^  O v e r a l l  r ig id  c o n s tru c t io n  an d  sp ec ia l e lec- 
t ro d e  s u p p o r t  b y  m e a n s  o f lo c a t in g  gu ides.

"fa  E le c tro d e s  a re  re tra c ta b le  b y  m e a n s  o f  
' H i - l i f t  * m e c h a n ism s  to  fa c il ita te  w e ld in g  o f  deep  
sectio n s.

' f t  B ro n z e  c a s t in g  fo r  lo w e r  p a r t  o f  u p p e r  a r m  
red u ce s e d d y  c u r re n t  losses.

★  M a x im u m  t h ro a t  d e p th  o f  32" a c c o m m o d a te s  
w id e  se c t io n s  an d  sp e c ia l shapes.

PH IL IPS IN D U S T R IA L  (PH IL IP S  L A M P S  LT O  ). 
C E N T U R Y  H O U SE . S H A F T E SB U R T  AV.. W .C .2

(57B)

D E C I S I V E  a d v a n t a g e

IV O  S alt Baths are A .I.D .  
approved and used by many 
of the leading a i r  e r a  f  t 

manufacturers.

IVO ENGINEERING 
AND CONSTRUCTION 

CO., LTD.,
WOOD LANE, LONDON, W .I2
Telephone -  S H E .  4382/6

1. C O N S I S T E N T L Y  H IG H  E F F IC IE N C Y
2. S IM P L IC IT Y  IN O P E R A T IO N
3. F U E L  E C O N O M Y

The low operating costs of IVO Salt Baths quickly 
repays the initial outlay. They can be fired by coal, 
gas or oil and the change-over takes about 30 minutes

D E L IV E R Y  FR O M  S T O C K  O F M A N Y  S IZ E S

IV O
S A L T  B A T H S



Is there a Furnace 
in your Toolroom I
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G as flames, blacksm ith’s forges, even 

open fires w ill do fo r the hardening, 

annealing, tem pering, etc., of steels.

The results are good, quite often,

but

if you want to kno w  that you are  

getting perfect results every tim e ;  

to  w o r k  by g a u g e  in s t e a d  o f  

g u essw o rk; to avoid scra p ; to 

h e a t - t r e a t  t o s p e c i f i c a t i o n ;  

to keep the shop cool and clean :

then use an electric furnace —
— the precision tool for heat-treatment

W R IT E  T O  U S F O R  P A R T IC U L A R S  T O -D A Y

Gü*AJü;jG- GOJUCXiiii i-  (c;ss.vr -iiirMi/j) LID. 
m m t m m  k o a d  w - . m w  |

T e l .  :  E A L I N G  1171-5 G r a i n s :  S i e m e r . s d y n ,  S t e m f c r d  ,
O f f i c e s  i n  L o n d o n ,  B i r m i n g h a m ,  C a r d i f f ,  G l a s g o w ,  M a n c h e s t e r .  N e w c a s t l e  ä r i d  S h e f f i e l d
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T h e  R u s h t o n  O r g a n is a t io n
173. C LA R EN C E  G A TE G'D’N S . L O N D O N . N .W .t.

PKon*: PAD . I4 8 6 . (p.* .x .)
LONDON. NEWBURY. BIRMINGHAM & WOLVERHAMPTON

PERFECT
b l  h m

for ALUM INIUM  and 
MAGNESIUM ALLOYS

• n noD i c  *
PHOTO-imPREGnBTIOn

for
PANELS, DIALS 
& NAMEPLATES

ALL N A TU R A L  i  COLOURED FINISHES 
T ES T ED  S, APPROVED.

If a su ita b le  design  o f b u rn e r  is used, the 
t ro u b le  can u su a lly  be o v e rc o m e  by u sin g  
a H ig h  A lu m in a  F ire b r ic k  su ch  as N E T T L E  
(4 2 / 4 4 %  A lu m in a )— a p o in t  p ro ve d  b y  the  
p ractica l e xp e rie n ce  o f  se ve ra l c u stom ers. 
A n  a dd it ion a l p ro te c t io n  to  .the b r ic k w o rk  
by w a sh coa tin g  w ith  M a k s ic c a r  II. o r  S te in  
S ill im a n ite  C e m e n t  w ill o ften  be fo un d  
e conom ic. F u rth e r  in fo rm a t io n  w ill be 
g lad ly  su p p lied  o n  request.

CREOSOTE- 
PITCH FIRING
A numberof firms adopting 
this fuel have encountered 
new Refractory Problems 
caused by corrosion and 
Vitrification Spalling.

Phosphor Bronze gm  H  H  f l P B  fffti Cun Metal Ingots
“Tandem" W hite  Metal Alloys E ^ _ B  B  8 0 »  Bearings for all purposesCYriC"tyre* Aluminium and Chill Cast Phosphor

Aluminium Alloys H » |  ■  B  B  ■ ■  Bronze Rods

SMELTING C O M P A N Y  LIMITED
T A N D E M  W O R K S ,  M E R T O N  A B B E Y .  S . W . 19

T elephone; MITCHAM 2031 (■» lines)
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INFRA-RED LAMP HEATING
W I T H  R H O D I U M  P L A T E D  T R O U G H  R E F L E C T O R S  

a n d  Q s ra jn I n fra -R e d  In d u s t r ia l Lam ps

G.E.C. Infra-Red Lamp Heating may be employed for paint drying, coil drying, 
foundry mould drying, setting synthetic glues and softening plastics, etc. Operating times 
arc drastically reduced and close control is obtained over quality. By incorporating 
the plant in the production line much handling is avoided, or it may be used in small 
units adjacent to individual machines.
G.E.C. Infra-Red Lamp Heating specialists are available for giving advice, and 
preparing schemes, for special requirements.

SA VES T IM E

Paint drying times cut by 90%.

SAVES FUEL

Considerable fuel economy may be 
effected.

SAVES SPA CE

Infra-Red Lamp Heating Plant is compact 
and occupies little floor space.

CO N TRO LS Q U A L IT Y
Consistent results obtained with unskilled 
labour.
SAVES H A N D LIN G
G.E.C. Infra-Red Lamp Heating Plant 
may be inserted in the production line 
in large or small units.
“ O SRAM  ” IN FRA -RED  IN D U S T R IA L  
LAM PS
Of special robust construction.

S T O V t N G  

T IM E  t n t  9 0 %

One o f ten Jerrican  
p a in t drying installations  
$02 k \V  using 2008 Osratn 
In fra -R ed  Industria l Lam ps

A d v t. o f  The General E lectric C o., L td .,  M agnet H ouse, K itigszvay, London,  W .C .2 .
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Dangerous times these . . . when the 
gunner could never be sure whether the 
next charge would kill him or the 
enemy. And no wonder ! The iron in 
these early breechloaders . . . crudely 
smelled, hammered, re-heated and 
shaped on the anvil . . . must have 
varied, not only from one batch to 
another, but in each separate cannon.
Today, when the making of even a 
small gun part demands rigid control 
of formula and temperatures, the Gas 
Industry is playing its part by supply
ing a  fuel on tap, which meets the 
most exacting requirements of modern 
arms production. Definite tempera
tures, quickly reached and automatic- 

. ally controlled . . . uniform furnace 
atmospheres . . . reliability o f supply 
. . . versatility, economy, cleanliness 
and ease of maintenance . . . these 
are some o f the reasons for the wide use 
of Gas in nearly every process where 
heat and metal are brought together.

T H E  TW EN T IET H -C EN T U R Y  
IN D U ST R IA L IST  KNOW S TH E 

V A LU E OF GAS
Gas equipment is s till  available fo r  priority work. Wartime 
experience and achievement w ill  benefit post-war planning.

B R I T I S H  C O M M E R C I A L  GAS  A S S O C I A T I O N  
I G R O S V E N O R  P L A C E ,  L O N D O N ,  S . W . I

Sections supplied to the A ircra ft, 
Automobile, Textile, Coachbuilding,
Railway, Shipbuilding, Architectural 
Industries, etc., etc.

WARWICK RIM  & SECTIONING CO. LTD.
GOLDS GREEN, WEST BROMWICH, ENGLAND 
London A g e n ts :—
Munvood Ltd., 24 Grosvenor Gardens, LONDON, S.W.I 

L et ‘ WARICRIM * Sections take  the strain

• M-W.49S

SECTIONS
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For the routine inspection of light 
metal and alloy castings and for 
general crystallography use Ensign 
Mettaray Industrial X-Ray Film. 
This is a fast non-screen X-Ray 

film of very fine definition and well-balanced 
contrast designed to produce radiographs of 
maximum detail with minimum exposures.

For the critical inspection of heavy castings 
and welds by X-Rays or Gamma-Rays when 
the use of lead screens is justified, Ensign 
Mettaray is the correct film to use.

. . . use METTARAY

0
For the radiographic inspection of 
heavier types of metals use Ensign 
Mettascreen Industrial X-Ray Film with 
intensifying screens. Mettascreen is 
particularly well suited for this purpose 
because its high speed permits the exposure time 

to be reduced to a minimum, and, since it maintains 
a well-balanced contrast throughout the whole 
exposure-range, flaw-detection is greatly facilitated.

Mettascreen used without screens is recom
mended for the radiography of subjects having 
a wide range of thickness.

. . .  use METTASCREEN

An T h e  se rv ices  of th e  E n s ig n  T e c h n ic a l  D e p a r tm e n t a re  a v a il
a b le  to  d e a l w ith  e n q u ir ie s  re g a rd in g  E n s ig n  In d u s tr ia l  X -R ay  
Film s. F irm s a re  in v ited  to  co m m u n ica te  w ith  A U S T IN  
ED W A R D S L T D .. E N S IG N  F IL M  W O R K S. W A R W ICK  
(M a n u fa c tu re rs  of X -R ay  F ilm s fo r n e a r ly  30 y ea rs) .

X-RAY IT ON

\

Q uick  F a c ts  for  
th e  X -R a y  R cpt.
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ED ITO R IA L OPIN ION
The Cobbler Leaves His Last

ONVENTION in technical journalism  dictates that; in the main, there shall.
mutually, be no transgression of territory by editorial and advertising
departm ents. In  a mild way, we defy this unwritten law in the present 

issue of “ Light M etals”  and venture to publish comments from various interests 
regarding current trends in advertising styles.

To state the case more clearly, some degree of controversy has arisen as to the 
suitability or otherwise of the indirect appeal, w hether it takes the form of 
straightforward humour or highly artistic presentation in colour. The groups 
most nearly concerned in the m atter comprise, first, potential customers, the 
attention of whom the advertiser always desires to attract. This section may 
be subdivided into technical and non-technical personnel. Secondly, come the 
publicity of specialists, who, it is to be presumed, are masters of their own a rt 
and, therefore, competent to decide the best mode of appeal. Thirdly, there are 
the m erchanting organizations, who, whilst not being buyers in the true sense, 
nevertheless, rely for their daily bread on markets fostered by wisely handled 
publicity (exporting houses are of particular interest in this group). Fourth  in 
the list is the industrial technologist, who, in general, if not to lie considered 
directly as a purchaser, may greatly influence decisions as to whether or not a 
certain commodity or item shall be bought. Finally, there is the general reader 
—a technologist, maybe, but not specifically bound to the industry represented 
by the periodical concerned.

I t  would seem th a t there are available few data  regarding the habits of these 
groups so far as the advertisem ent pages of their particular periodicals are 
concerned. W e are sure to find the buyer, professionally, scanning not only 
display pages bu t also "  small ad s .,” no m atter w hat journal he may pick up 
during his working hours. Technical personnel, having digested the editorial 
pages of their appropriate publication, will, almost assuredly, run an eye over 
display pages, although whether classified items occupying only a few lines of 
minute type will receive equal attention  is to be doubted unless any specific item 
is to be sought. In  quite a large num ber of cases publicity personnel do little
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more than count the num ber of advertisem ent pages in a  journal, indicating, 
thereby, very clearly, th a t they consider the outward and visible effects of mass 
appeal of somewhat greater importance than the exercise of individual judgm ent.

1 his facet of the problem we are here discussing is significant, for, if factual 
advertising is likely to appeal to only a minority of readers (no m atter how 
im portant tha t minority may be), there is obviously something to be said for the 
non-factual sensation-perception type.

In the course of a series of private discussions recently held in the Midlands, 
a curious state of affairs was revealed. Business representatives, including those 
claiming no technical knowledge a t all, and those possessing but a slight degree 
of insight, voted unanimously against what was termed non-informative 
advertising. They frowned most severely on all efforts a t humour. Unequivocally, 
too, the representative of an exporting house denounced this class of publicity, 
giving as his reasons, first, th a t w hat constitutes humour in this country will 
almost certainly fail to strike a funny note abroad, and, secondly, th a t indirect 
appeal, even of the highest artistic merit, could hardly be expected to strike a 
chord in the heart of a foreigner ignorant alike of the English tongue and of 
the nature of the advertiser’s products. Two technical representatives of a large 
concern specializing in cutting fluids and quenching alloys were also very averse 
to non-informative publicity, especially tha t of the hum orous variety. Throughout 
a desire was expressed for advertisements providing positive data in a form capable 
of assimilation, for example, by buyers of limited technical knowledge.

Now it must be understood a t once that the opinions recorded here are not the 
result of a detailed or nation-wide survey. W hether or not they are shared equally 
am ongst all the engineering and allied industries in different parts of the country 
has yet to be dem onstrated. I t  is quite certain, however, that, on the technical 
side of industry, the same objections do not hold good. Even in the purely 
scientific sphere (in so far as it is interested in technical periodicals), some degree 
of support has been found for fine colour work and well-thought-out humour.

No simple issue is a t stake here. Probably it is fallacious to lump all technical 
periodicals together under tha t one common heading; tastes will differ in different 
industries. Shipbuilders, we are told, find comic advertising most repugnant.

So far we have omitted to express our own ideas on the subject. Well, 
we find ourselves laughing at nicely timed fun when we come across it in the 
advertisem ent pages and we enjoy works of a r t even if they forget to tell us 
tha t John Jones, L td ., does, in fact, m anufacture alum inium  gas holders.
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T H E  F A C T  that goods made o f raw materials in short supply because o f war conditions are advertised in 
this journal should not be taken as an indication that they are necessarily available for export.

S A V E  P A P E R .—■M ore than ever is paper waste required fo r  our war industries. Waste paper makes 
munitions in a hundred form s-~from shell cases to aeroplane parts.
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Fig. Î.—View of 
part of roof of 
L.C.C. Hospital, 
Ducane R o a d , 
H am m ers mi t h, 
showing alumin
ium glazing bars 
in lantern lights. 
These bars have 
been in position 
for nine years 
and, although 
provided with no 
protective coat
ing of any sort, 
are still in excel

lent condition.

POST-WAR BU ILD IN G S
Discussing the Theory and Practice 
of the Utilisation o f Aluminium A lloys  
in Post-war Building Construction. 
(Paper Read Before, the Incorporated 
Association of Architects and Surveyors, 

on June 14, in London)

B y
Dr. E. G. West 

and
D. Y. Pike, A.M.Inst.C.E.

I N  an earlier paper* the authors discussed in 
general the possibilities of using aluminium 
alloys for many of the elements comprising 

modern buildings. Existing examples were 
quoted and probable and possible applications 
with an emphasis on préfabrication were 
suggested. The steady pre-war developments 
which brought about certain applications in the 
architectural field here and also in the structural 
field in other countries; the tremęndous increases 
in plant and labour necessary in all branches of 
the industry during the war directed to the 
production of aircraft; and the great potential 
field of post-war applications resulting from 
advances in our knowledge of the properties, 
production and fabrication of the alloys indicate 
that they will be able to play an important part 
in post-war reconstruction.

Information has been given previously con
cerning the production of aluminium alloys and 
their constitution,1- 2 the methods employed 
for their manufacture in forms suitable for 
fabrication; the differences between the non
heat-treatable and heat-treatable alloys; the 
comprehensive range of available alloys and 
their physical, mechanical and chemical 
properties.

The present paper attempts to reflect the 
trend which now appears to be shaping in pro
jected applications, and whilst only a few

components will be discussed at length, refer
ence will be made to many other building 
applications.

T h e  S p e c ia l P o s it io n  o f  A lu m in iu m  A l lo y s  in  
P o s t-w a r B u ild in g

The provision of sufficient houses after the 
war is now recognized as one of the most serious 
questions for which a solution must be found. 
Whether the conventional building materials will 
be available in sufficiency for the required pro
gramme is apparently uncertain, but it appears 
that lack of building personnel will, in any 
case, prevent its fulfilment by old-established 
methods.

In contrast to this the conditions in other 
industries will be very different and, with war
time requirements ended, other outlets for their 
expanded production will be sought to avoid the 
immediate unemployment of trained personnel.

These considerations have given great impetus 
to investigations into factory production of 
houses, schools, etc., and such methods which

U ) “ W ro u g h t A lum in ium  A lloys in  P o s t-W ar B u ild 
in g .”  P a p e r  re a d  to  th e  A sso c ia tio n  o f B u ild in g  
T e c h n ic ia n s  o n  N o v e m b e r 12, 1943, by  D r. E . G . W est ; 
see  "  L ig h t M e ta ls ,”  J a n u a ry ,  1944,(72) p . 11-19.

I'2) W .L .A .D .A . In fo rm a tio n  B u lle tin s, N o s . 2 , 3, 5,
a n d  6.
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have been steadily progressing since the 1914- 
191S war are concerned, not necessarily with 
houses of a limited length of life, but also 
permanent dwellings.

The properties of aluminium alloys of which 
the most noteworthy are low weight (approxi
mately one-third that of steel), high resistance 
to corrosion, great strength and pleasing appear
ance, have appealed to many authorities as being 
especially valuable in a material for prefabri
cated units.

The' probable extent of their application 
varies; some envisage an almost completely 
aluminium-alloy building, whilst others have 
hitherto considered the light alloys as suitable 
for small components only. It must be empha
sized that aluminium alloys are suitable for use 
in permanent buildings of all kinds—indeed, 
their pre-war application in building has been 
confined almost exclusively to high-class office 
blocks, hotels, civic and other public buildings, 
luxury fiats, shops, hospitals and the interiors 
of ocean liners. There is no doubt that the 
employment of aluminium by discerning archi
tects will continue to increase for such buildings 
and, furthermore, expansion into the field of 
housing will certainly occur.

Past attempts in the prefabrication of houses 
have indicated that commercial success depends 
011 mass production being possible, the cost per 
house falling as the number made increases. 
This is fully recognized, and one of the chief 
problems which is seriously engaging the 
architect is how to arrange for maximum flexi
bility in design to be obtained whilst keeping 
the number of components to a minimum. 
They must be suitable for simple repetition 
manufacture on a large scale, and at the same 
time provide dwellings of a pleasing character.

Another very important factor is that erection 
iqust be speedy and require only unskilled or 
semi-skilled building labour. In this connection 
much attention has been given to the possi
bility of manufacturing large units such as 
complete walls, roofs and floors in the workshop 
and erecting them by a small crane.

Here, the proper use of aluminium enables 
large units to be handled with comparative ease 
through all the stages of manufacture, trans
portation and erection. It should be emphasized 
that another great advantage in manufacturing 
large units is that site jointing can be reduced; 
jointing is much more efficiently dealt with in 
the workshop where methods may be employed 
which would be impracticable or uneconomic at 
site (e.g., spot welding).

It is emphasized that, in the view of the 
authors, the post-war application of aluminium 
alloys in building will be governed by their 
properties, which unfortunately are not yet 
familiar to a great many engineers, architects 
and designers. They are summarized in the 
Appendix to this paper and it is now proposed 
to discuss a number of applications based on 
their favourable characteristics.
S t r u c t u r a l S y s te m s

Wholly prefabricated house systems appear 
to fall into two main groups—one in which 
complete rooms or portions of rooms are factory 
made in their entirety for assembly on the site, 
and one in which the walls, roofs, floors, etc., 
are transported as flat panels to the site. In 
each case the panels may be composed either of

skeleton structural framing and infilling or of 
panels only, capable of carrying sufficient load 
to dispense with framing. The procedure of first 
raising the complete roof sufficiently for the 
walls above first floor to be connected to it and 
the first floor to be connected to the walls, 
then raising this- construction to its final position 
and finally adding walls from ground to first 
floor, together with variations of this general 
method, has been studied at some length. The 
adoption of aluminium alloys would help to 
bring such schemes within the range of 
practicability.

The patented systems employing metals as the 
basis of their construction even in pre-war days 
would require a volume to describe, and during 
the war their number has increased. There is 
little technical reason why aluminium alloys 
could not, with very little change, be used in 
all of them, but, by so doing, it is probable 
that the advantageous properties of the alloys 
would not be used to greatest advantage. It is 
by exploiting their characteristics of lightness, 
strength, corrosion-resistance, unlimited range 
of section shapes possible by the extrusion 
process, workability, finish, etc., that the most 
successful system of construction will result, 
rather than by merely substituting aluminium 
alloys for other metals.
S u ita b le  A l lo y s  f o r  S tr u c t u re s

In considering the most suitable aluminium 
alloys for house construction it is found that in 
many cases practical considerations govern the 
dimensions of the sections and that aluminium 
alloys of the non-heat-treatable type usually 
provide sufficient strength.

The maximum strength obtainable in this 
group is over 20 tons/sq. in. against an ultimate 
strength exceeding 35 tons/sq. in. in the heat- 
treatable group. In order to use the most suit
able alloy of the many available for specific 
conditions it is advisable to obtain advice from 
the W.L.A.D.A. or the manufacturers.

At present all aluminium alloys are covered 
by specifications for aircraft purposes, but 
British standards for aluminium alloys suitable 
for building and general engineering purposes 
will be available shortly. The range of alloys 
to hand is adequately exemplified in a table 
accompanying B.S. 1161.

G ro u p
0 .1%  p ro o f  

s tre ss 
( to n s  sq. in.)

Te n s ile  
stre ss 

(tons/sq . in.)

E lo ng a t io n  
on  2-in. 

(p e r  cent.)

1 4.0 11.0 15.0
2 7.0 15.0 15.0
3 14.0 18.0 10.0

4 10.0 20.0 15.0
5 17.0 22.0 10.0
6 15.0 25.0 15.0

7 21.0 27.0 10.0
8 26.0 30.0 8.0
9 27.0 33.0 8.0

Im p o rt a n c e  o f  Y o u n g ’s M o d u lu s  
The value of Young’s Modulus for aluminium 

being 10 x io‘ lb./sq. in. against 30 x 10* 
lb./.sq. in. for steel, means that for geometric
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ally similar sections an aluminium alloy 
member deflects three times as much as steel. 
That is, the resilience of the aluminium alloy 
is greater and oilers better resistance to impact 
stresses. The difference in modulus also sug
gests that continuity in construction is even 
more important in the case of aluminium alloys 
than steel. The deflection of a beam with fixed 
ends, for instance, is only one-fifth of that 
which would occur if it had pin ends. An 
intermediate state between these two conditions 
may be fairly easily accomplished and in fact 
is more desirable than full fixity for, in addition 
to reducing deflection, such partial fixity may 
produce positive and negative bending moments 
nearer to each other in magnitude than with 
completely fixed ends. That is, the ideal state 
gives equal positive and negative bending
moments of -—when ends have a certain16
measure of restraint, whilst with ends fully
fixed a negative bending moment of — 1 — occurs12
over supports, with a positive bending moment 
of ^  ^ at the centre of beam.

, 24 .The most desirable amount of "  give "  in a
floor may well receive consideration. Certain 
regulations specify maximum deflection for 
beams, but these have been made primarily to 
avoid cracking of plaster ceilings rather than 
out of regard for persons using the floor. It 
may well lie that more springiness than that 
afforded by such regulations is desirable, for it 
is well known that personal fatigue is greater 
when walking over a solid ground floor than 
over suspended floors, the deflection of which 
reduces the impact on the feet.
R oofs

The use of aluminium alloys for roofing pur
poses is not a new development, for a very 
successful roof of aluminium corrugated sheets 
was used on a Government building in New 
South Wales before the end of the last century. 
When examined some 40 years later the metal 
was in excellent condition except where copper 
fixing nails were wrongly used.

Aluminium alloys may be employed to-day 
for tiles, for seamed sheet roofs (flat, domed or 
pitched) and, for composite roofing, slabs or 
boards. A great deal of attention has recently 
been devoted to each of these systems, and 
roofs have also been designed in which alu
minium alloys were used for the structure as 
well as the weather-resistant covering.

Several schemes of this kind can be men
tioned. In one, light frames, at 2-ft. 6-in. 
centres, with members extruded to the required 
sections, and roof panels composed of aluminium 
alloy, joined by an adhesive to insulating 
material and prepared to accommodate ceiling 

•panels, were used.- In another, beams at 
2-ft. 6-in. centres were adapted to flat roof 
construction with the ceiling slung below. A 
central longitudinal lattice girder supporting 
ribs at about 2-ft. 6-in. centres, with roof panels 
and suspended ceiling as above, was a feature 
of a third design. In a fourth use was made of 
two longitudinal girders' which formed a flat 
between their top booms and a pitched roof 
from top booms to caves, the covering being

of aluminium alloy troughing on which rested 
insulation boards with weather-resistant afu- 
minium-faced surfaces. These represent only a 
few. of the ideas which have been analysed and 
in which the advantages of lightness, heat insu
lation, finish and corrosion resistance have been 
exploited. The question of the transport of the 
roof fully fabricated and ready for lifting by a 
light crane, in sections as large as transport 
facilities permit, or in panels and pieces, has 
received a great deal of thought.

These roof systems have been considered 
primarily in conjunction with brick walls but 
may be incorporated in wholly prefabricated 
buildings. It appears preferable, however, to 
work out special designs in the latter case 
where roof and walls may be considered in 
combination.

F la t  R o o fs
Flat roof construction seems to be distinctly 

attractive to many architects on both ¿esthetic 
and economic grounds. As mentioned above, 
troughing of aluminium alloys may be used to 
provide the required rigidity, but there are 
many other structural forms possible, e.g., box 
sections. Weathering may be of aluminium 
alloys either spot welded or welded in the 
conventional manner; insulation may be con
sidered sufficient if a hardboard ceiling is 
connected to the underside but, if desired, 
further insulation may be added by insulation 
boards between weathering skin and troughing, 
etc., or by aluminium alloy foil inside the boxes. 
A composite slab consisting of aluminium alloy 
filled with an inexpensive insulator such as 
sawdust or sawdust concrete may find very 
useful adaptation here or in the construction 
of floors.

For roofs of comparatively small span ribs or 
trusses may be dispensed with if the roof is 
broken up into self-supporting panels. In the 
case of pitched roofs the walls may be capable 
of providing the horizontal reactions, or alter
natives such as tie bars introduced at suitable 
spacings.

The facts that aluminium-alloy sheets may be 
obtained pressed or corrugated to any pattern 
and that they possess great ductility so that 
they can be bent and shaped, ensure a wide 
scope to the designer. As with other ductile 
metals, joints may be welded when employing 
flat sheets, but less expensive methods are 
possible, such as lapping the ends and sides, 
turning the sides up and providing special cover 
junction strips or turning the sides down into 
a channel formed in the aluminium ajloy 
extruded support and filling up the channel 
with a bituminous material. The use of plastics 
for jointing is also worthy of exploration.

The extrusion of special aluminium alloy 
sections having thin outstanding arms which 
may be easily bent down over the bent-up edge 
of sheeting so that a sound joint is provided, 
should be noted. This system is applicable 
where aluminium alloy sheets are used to cover 
roofs of any material. The junction sections 
are first connected to the base material by 
plugs or screws, then the sheets with sides 
turned up are laid, and finally the thin lapping 
portions of the extrusion bent over. This idea 
may be extended and the extrusion used struc
turally, e.g., as the rafter of the aforementioned
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ribs spaced 2 ft. 6 ins. apart. Here again may 
be emphasized the great advantage to be gained 
for the manufacture of units covering as wide 
an area as possible, so that site joints, always 
a source of concern, may be eliminated.
G u tt e rs  a n d  S p o u t in g

Kain water goods are preferably of aluminium 
alloy where this material is used for the roof. 
Aluminium gutters and down-pipes may be 
manufactured in the same manner as with other 
metals, but greater length may be readily 
handled. Maintenance is lower than with 
ferrous materials and there is no risk of staining 
due to corrosion products.
P a r t it io n s

The application of aluminium alloys to parti
tions has not, as yet, been made to any great 
extent, although decorative aluminium panels

Fig. 2.—Five types of roof joint for alumin
ium sheeting: 1, single roof la p ; 2, inter
locking lap ; 3, rib and panel joint (A— 
sheet metal panels on fibre board, B—panel 
flanges, C—mastic filling, D—rib section) ;
4, cover strip joint fF—cover strip forced 
over sheet upstands) ; 3, extruded joint
section. Diagram at left illustrates form of 
section before laying róof sheets (E—flanges 
as extruded). Diagram at right shows form 
of section after laying roof sheets (G— 
flanges turned down over sheet upstands).

and other fixtures have been used for many 
years. The chief reason for this is that detailed 
information has been lacking, whilst price 
considerations have hitherto militated against 
such applications.

For partitions which may be removed and 
re-used elsewhere, and for sliding partitions, the 
low weight of aluminium alloys suggests their 
extensive application. The weight of alu
minium alloy partitions would be so small that 
in rooms of the average height it would 
probably be permissible to omit allowance for 
them when designing the floor and they may 
be safely introduced to floors which would not 
have the necessary safety margin to carry 
heavier partitions.

They may be designed to act as load-carrying 
members forming part of the structural Scheme, 
in which case the heat-treatable alloys would 
be used to provide maximum stress-resistance

properties. Suitable alloys are available in a 
range of ultimate strengths from 22 tons per 
sq. in. to at least 30 tons per sq. in.

The aluminium alloys suggested for non-load- 
carrying partitions, including panelling, are of 
the magnesium-aluminium non-heat-treatable 
type which may be readily welded by the 
electric arc, gas and spot methods. The weight 
of such partitions constructed wholly of alu
minium alloys should not exceed 2 lb. per sq. ft.

Plastics for jointing may be particularly suit
able for use in aluminium alloy partitions and 
one partition system, lately evolved, comprises 
aluminium alloy facing sheets about 3 ins. 
apart, connected by an internal troughed sheet, 
the joining of this internal trough and the 
external sheets being by a plastic compound.

The high thermal insulation of aluminium 
alloys is advantageous here and it could be 
further improved by filling the panels with an 
insulating material such as cork or arranging 
aluminium foil inside the panels; the polished 
foil may be stapled to wood battens connected 
to the inside of one of the aluminium sheets 
by an adhesive.

Services may be accommodated within the 
panels and hollow parts. ' Features' such as 
skirting, dado, cornice, etc., may be arranged 
by shaping sheets or strip as required.

Periodic cleaning with warm soapy water is 
sufficient to maintain aluminium alloy surfaces 
in an unimpaired condition for an indefinite 
period except for the possible fading of dyed 
anodic coatings.- The control of tints obtained 
by anodizing and dyeing is not always perfect 
and some slight variation between individual 
sheets may occur. This variation would not be 
noticeable in partitions in which the area is 
broken up into panels with thin cover strips of 
a contrasting colour.

The decorative scheme may be arranged to 
satisfy almost any taste, using metal alone or 
combined with other materials. Panelling or 
coverings, such as plasterboard, glass, plastics, 
etc., may be used with aluminium alloy 
framing, or, alternatively, aluminium-alloy 
panels~or covering may be used with framing 
of other materials.

That the aluminium alloys are non-inflam
mable is sufficient to allow the general 
installation of aluminium alloy partitions, but 
as the melting points of these alloys range 
between 530 degrees C. and 640 degrees C. 
should special circumstances require it a fire- 
resisting material such as asbestos may be 
incorporated inside the components.
S lid in g  P a rt it io n s

Sliding partitions may be formed of panels 
generally similar to those of fixed partitions. 
Aluminium alloys appear to be ideal materials 
for such construction to ensure maximum ease 
of opening and minimum impact on walls, thus 
conferring maximum life to the fittings, 
especially those bearing on the guide and 
runner bars. Bottom sills, covers to top track 
and wall posts may also be constructed of 
aluminium alloys to match with the’ partition.
D o o r s

Doors may range in size up to those which 
are fitted to airship hangars, and with their 
increase in size the difficulty of opening and 
closing increases. It is recognized, therefore.
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that simplification, follows the use of aluminium 
alloys for the large type of door, for a reduction 
of 50-60 per cent, of the work required to 
operate such doors could be obtained. In the 
case of sliding doors the reduction in weight 
enables the section of the supporting structure 
from which they hang to be proportionally 
reduced in size.

In cases where a considerable span is 
required, as for a level crossing, the forces in 
the bars of the gate itself would be reduced 
by using aluminium alloys.

It follows from the foregoing that this advan
tage of the lighter material is cumulative and it 
may well be that doors may be constructed of 
aluminium alloys of a size which would other
wise be prohibitive. The corrosion-resisting 
properties of aluminium alloy are also of great 
advantage where maintenance is difiicult, as 
may be the case with large sliding doors.

Smaller doors would also benefit by using 
aluminium alloys on account of ease of opening, 
resistance to corrosion and the fine finish 
possible. Hinged doors may lie of hollow con
struction with features formed by pressing and 
the space inside filled with an insulating 
material. Each side of the door may be pressed 
from a single sheet, their edges bent and 
welded edge to edge forming the thickness of 
the door.

A great many glazed doors of aluminium 
alloy have been made for shops, restaurants, 
hotels, etc., and particularly good examples are 
swing doors which weigh considerably less than 
those of similar type in wood.
G la z in g  B a rs  a n d  W in d o w s

Aluminium-alloy glazing bars were in use 
over 14 years ago and competed successfully 
with bars of other metals. The effect of 
weathering on many of these installations has 
recently been investigated and in all cases the 
findings have been considered very satisfactory. 
E x a m p le s  o f G la z in g  B a rs

A good example is the aluminium alloy 
glazing bar used in the Dudley Zoo Bird 
House, a circular building some 40 ft. in 
diameter lit from above by means of a complete 
circle of roof glazing. It was found that the 
only effect from six years of exposure to the 
weather outside and the internal atmosphere 
peculiar to such a place was that externally 
the bars had acquired a dull grey colour but 
were otherwise in perfect condition, with the 
single exception of one bar, part of the flange 
of which showed some signs of corrosion at one 
end. Internally the bottom surface of all bars 
was covered with a fine scaly film, but by 
rubbing with a damp cloth a bright surface was 
obtained.

Although six years cannot be regarded as a 
satisfactory test period for roofing materials, 
the exposure for this period of a material 
in  it s  u n p ro t e c te d  c o n d it io n  must be regarded 
as highly encouraging.

Another report on the examination of alu
minium alloy glazing bars in lantern lights at 
Hammersmith L.C.C. Hospital shows that 
although the bars have received no protective 
coating and have been in position nine years 
they are in excellent condition. A slight coat
ing of soot covered the bars and the conditions 
are urban with a moderate degree of industrial

pollution from heavily built-up surrounding 
zones and a railway in the vicinity, but neither 
uniform surface corrosion nor pitting are visible. 
It is concluded that such bars may be exposed 
for many years in polluted urban atmospheres 
without any form of protection and remain free 
from attack.

The fact that by the extrusion process shapes 
too complicated for rolling may be obtained is 
a great asset to the design of suitable glazing 
bars. Apart from the good appearance of 
aluminium alloy bars their weight is low; hence 
it is often possible to reduce sections of the 
supporting structure.

A very fine example of the use of aluminium 
in' connection with glazing may be found in the 
conservatory in the Botanical Gardens, 
Washington, U.S.A., where the alloys have been 
used to a considerable extent for the main 
structure in addition to glazing bars.
W in d o w s

Fenestration in aluminium alloys before the 
war received considerable attention and the 
following applications may be noted:—Civic

« ,

Fig. 3.—Aluminium wash-basin as used 
on air liners prior to the outbreak 

of war.

Hall, Wolverhampton; Hickman and Mould 
Dairies, Wolverhampton; Cambridge Univer
sity Library’ ; Arlington House, St. James's, 
London; Threshers, Ltd., Conduit Street, 
London; Bodleian Library, Oxford.

For some years prior to the war aluminium 
alloys were used for windows in many notable 
buildings and recent examinations of them have 
encouraged the extension of their application 
to all types.

The maintenance of aluminium-alloy windows 
is low, even in the presence of a very damp or 
polluted atmosphere. If it is considered that 
the alloy window frarpes should have some 
further protection than that afforded by the 
protective film which forms on exposure, 
anodizing or chemical oxidation may be 
specified or the metal may be painted.

Sea-air conditions are dangerous to most 
metals, but the aluminium alloys of the 
magnesium-bearing type are highly "resistant to 
marine conditions and it is probable that alloys 
of this type will be widely used for all alu
minium alloy frames.
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Sliding windows and sashes in which light
ness is desirable call for the application of 
aluminium alloys; this type of window appears 
to be exceedingly popular and easier manipula
tion would ensure still wider adoption. Further 
detailed design work is necessary on this aspect, 
however.

Extruded aluminium-alloy sections have been 
exclusively used heretofore, the corners of the 
frame being welded, and it appears that such 
construction may predominate in the future, 
especially in view of probable improvements in 
welding. Experimental work has been carried 
out on the manufacture of pressed aluminium

Fig. 4.—Further example of the application 
of light-metal glazing bars (Westminster 

Central Depot).

alloy and cast aluminium alloy frames and it 
appears probable that these methods will pro
vide competition, especially for the smaller 
windows.
C anopies

Canopies provide an instance where four pro
perties of aluminium alloys—high strength, high 
corrosion resistance, pleasing appearance and 
ability to extrude almost any section—may be 
used to great advantage.

These qualities are found together in no other 
material used in canopies, consequently either 
the conventionally shaped structural members 
are exposed from below, camouflaged by some 
form of decorative treatment, or the whole of 
the structure is encased with a decorative and 
protective covering.

This cover is usually of sheet steel and it is 
well recognized that its maintenance is a con
tinuous heavy liability., and so rapid is the 
corrosion that it has been said by the architect 
of a concern owning many buildings equipped

with such canopies that inspection for corrosion 
must start immediately after fixing.

When using aluminium alloys, no added 
covering to the structure is required, the struc
ture, roof covering and all other features being 
combined and treated homogeneously. The 
reactions of such cantilevered canopies in alu
minium alloys are, of course, considerably 
reduced on account of the much lower weights 
involved.
K it c h e n s  a n d  B a th ro o m s

Parallel with the tremendous interest lately 
concentrated on the construction of houses of 
the future has developed a keen sense of the 
importance of the amenities desirable within a 
house in order that it may provide a reasonable 
standard of working conditions.

At present many kitchen schemes are being 
designed and the new materials are being 
critically reviewed. In these investigations 
aluminium alloys are receiving much considera
tion, and although it is not suggested that an 
all-aluminium kitchen would be ideal, it is 
certain that aluminium alloys fulfil most of the 
kitchen designer's requirements admirably.

Lockers and cupboards in aluminium alloys 
were adopted before the war by at least one 
very well-known multiple caterer and received 
great approval. The metal is non-toxic (hence 
its great application in dairies, breweries, etc.) 
and food may be stored with absolute safety. 
Such cupboards are easily kept perfectly clean, 
whether the metal be anodized or is untreated. 
Other advantages are that they may be easily 
moved, are vermin-proof and present an impec
cable exterior.

Construction may be on the basis of using 
sheet aluminium of requisite stiffness pressed 
and stretched to the required contours with 
stiffening ribs incorporated or of a sandwich 
board made up of a core of material acting as 
a base, such as plywood, plastics, cork, etc., 
with surface facing both sides of aluminium 
alloy.

The application of aluminium alloys to 
refrigerators appears to offer success, for here 
the insulation properties of the material may
be utilized. Suitable alloys resist corrosion by 
most of the refrigerants.

Aluminium covering, applied to table and 
counter tops, has been used for some years and 
an extension of application is here being 
pursued by considering the table as mainly 
constructed of the metal. The surface may be 
easily kept clean and shows no staining, its 
appearance is pleasing and the lighter weight 
would be an asset.

Wall and ceiling panelling to kitchens may 
be treated very successfully by facing with 
aluminium alloys. Its use for such features as 
mouldings, junction strips, etc., has long been 
appreciated.

Many kitchen fittings and utensils, such as 
door furniture, lampshades, pots and pans,- etc., 
are too well known further to discuss.
B a th  w o  m s

In the bathroom the application of alu
minium alloys to the walls and ceiling are 
attractive. This is encouraged by the variety 
of finishes possible and the ease with which 
the surfaces may be. cleaned.

Baths in aluminium alloys have been experi-



August, 1944 LICHT METALS 367

mented with in pre-war days, but the cost then 
prohibited any serious attempt to interest the 
public. Further investigations are required on 
this and similar items such as washing basins.
S h o w e r B a th  C u b ic le s  a n d  S w im m in g  B a th  

F it t in g s
It has been found that the application of 

aluminium alloys for the facing of shower bath 
cubicles, enabling easy cleaning and tidying, is 
very successful. They have also found very 
useful service for swimming bath fittings. 
In s u la t io n

Great interest has been taken recently in the 
insulation of buildings, and it came as a surprise 
to many people to learn that the Portal 
factory-made house was insulated with 
aluminium foil.

Although the heat conductivity of aluminium 
alloys is twice that of steel its value as an 
insulator is notably high on account of the high 
percentage of radiant heat which is reflected. 
The thermal and optical reflectivity of the 
alloys " a s  produced" is high, and although 
if used' externally weathering reduces the 
reflection value somewhat, the inner surface 
retains its original condition.

Insulation by using a material of low conduc
tion is widely appreciated, but the control of 
radiant heat has been given less attention. 
Some idea of the importance of the latter may 
be noted from the heating of rooms by open 
fires. The heat rays are projected to the 
surrounding walls, furniture and air. Air is a 
poor conductor but carries heat by circulation, 
and of the heat projected by the fire the greater 
■portion reaches the surrounding walls as radiant 
heat.

The absorption of these rays varies from 
100 per cent, in the case of a completely black 
surface to nil for a perfect reflector. In insu
lating against external heat or cold, considera
tion _ of radiation is of first importance. In 
tropical countries the value of a covering 
which will reflect most of the heat rays is well 
known; this has been exemplified in the case 
of oil storage tanks, which lose a considerable 
fraction of their contents per day by evapora
tion, but when covered with aluminium foil 
the loss is greatly reduced.

As a good reflector is a bad radiator, alu
minium when used for exterior cladding in cold 
atmospheres retards the flow of heat from the 
building.

Where heat _ insulation without strength is . 
wanted aluminium foil has been found remark
ably effective^ and cheap. It is inserted in an 
air space inside the wall or roof panels and 
typical figures for insulation are given below:—

B t u / s q .  f t . ¡ h o u r  f o r  i  in . th ic k n e s s  a n d  
i  d e g re e  F .  d iffe re n c e  'in  te m p e ra tu re

Slab C o r k .......................0.3 average
Slag W o o l ....................... 0.35
Glass Silk .. .. .. 0.2 to 0.3
Cellular Rubber .. .. 0.3 to 0.4
Eel G r a s s .......................0.31 to 0.34
Cellular Concrete .. .. 0.49 to 0.9
Common Timbers .. .. 0.S1 to i.ir
Asbestos Slabs .. .. 0.33 to 0.37
Wood Fibre Board .. 0.3S to 0.41
Plaster Board .. .. 1.1
Asbestos Cement Sheeting 2.0

Concrete with Gravel 
aggregate .. .. 6.7

. D o . with light weight
aggregates .. .. r.i to 2.3

Single layer Aluminium 
Foil in i-in. air space .. 0.25

O th e r A p p l ic a t io n s  in  G e n e ra l B u ild in g  
C o n s t ru c t io n  

The following represents a summary of 
building applications other than mentioned 
already. These applications are typical and 
the list is by no means complete.

Grilles, balustrading, handrails, shbp fronts 
and general architectural metalwork have 
become fairly commonplace in aluminium 
alloys and many interesting examples may be 
quoted of which the following are typical:— 
Westminster Central Depot, London; Threshers, 
Conduit Street, London; Woolwich Electricity 
Showrooms, Woolwich; Messrs. Redmayne’s, 
Ltd., and Jean Palma, Oxford Street, London; 
Wolverhampton Civic Hall; Bexhill Pavilion; 
Mount Royal Flats; S.S. “  Orcades.’1 

Other countries, especially U.S.A. and 
Germany, were far ahead of Great Britain 
before the war in the application of aluminium 
alloys and it is possible to note some interesting 
examples and to profit from their experience.

Lifts comprising a big percentage of alu
minium have been installed in Paris, Chicago 
and Xew York. It has been possible to reduce 
the weight of the lifts by up to 50 per cent, 
with such application. Less counterweighting 
is required; jess pow.gr is necessary; accelera
tion and deceleration may be easier accom
plished. It may be added that collapsible lift 
gates in aluminium alloys are remarkably easy 
in operation, in this country a lift in which 
is used a high percentage of aluminium alloys 
may be seen at Unilever House, London, 
whilst another British example is that of the 
lifts in the “ Queen Mary."

Roller shutters, fire escapes, roof walkways, 
chimney cowls, copings, sill flashings, venti
lating systems are other instances where 
aluminium alloys have been used.

Escalators wholly of aluminium alloys have 
been built in this country for Messrs. Simpsons 
of Toronto and a good example of facings and 
mouldings may be seen in the escalator at 
Messrs. Harrods of Kensington. There appears 
to be no reason why escalator treads and risers 
should not be made of aluminium alloys instead 
of wood, for here lightness is desirable and 
length of service is considerably greater.

A use of aluminium already followed in this 
country, but particularly in the U.S.A., is for 
wall-facing or cladding in the form of spandrels, 
pier casing and panels. The. chief advantage 
of the use of the metal is the great reduction 
in dead-weight of walls, this being considerable 
in multi-storey buildings.

Spandrels are often cast, the technique afford
ing good opportunity for intricate detail at 
little extra cost, though solidly backed sheet 
can be used equally well, this type being the 
lightest in weight. Pier castings are generally 
extruded and where one section may not be 
sufficiently wide the whole can be built up 
from a number of extrusions. Panels are 
generally of a thin gauge sheet solidly backed 
(fibreboard, plywood, etc.) and fixed to framed 
walls and partitions as mentioned elsewhere.
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Solid backing is necessary to obtain rigidity and 
freedom from an appearance of waviness, this 
being particularly noticeable when a high 
specular finish has been specified.
C o nclusio n

It is now generally accepted that new 
methods of building will be employed extensively 
after the war, and the materials new to build
ing will also be applied on a considerable scale. 
Before any new material can be accepted it 
must be shown that its employment is tech
nically sound and also economically practicable. 
In so far as the aluminium alloys are concerned, 
past experience and more recent investigations 
have shown that there are valid technical 
reasons for their use in a number of applica
tions, but there is as yet little definite indica
tion of the post-war price level of this group 
of materials.

In this connection, however, it should be 
noted that fundamental changes have taken 
place during the war, of which the most 
important are:—

(i) World capacity for producing alu
minium at the end of the war has been 
estimated six times the 1935 tonnage, 
at least.

(ii) There will be large stocks of both virgin
and secondary metal throughout the 
world.

(iii) There will be a considerable increase in 
the amount of plant available for the 
production and fabrication of the alu
minium alloys, together with very large 
numbers of workmen skilled in the 
working, joining and finishing of these 
materials. It is apparent, therefore, 
that the cost of finished articles of 
aluminium alloy will tend to be 
reduced, to the benefit of the consumer.

Immediately prior to the war the price range 
of the light alloys, volume for volume, was 
approximately in line with that of copper and 
the alloy steels. Aluminium alloys were rather 
more costly than lead, zinc, and the cheaper 
brasses, and considerably more costly than iron 
or mild steel. Post-war re-orientation of the 
prices of the common metals is likely to show 
a change of position, although it is too early 
as yet to forecast what the relative prices will 
be. Full account of this trend must be taken, 
however, in planning the post-war utilization 
of the various materials now available for 
building.

APPENDIX
Summary of Properties of Aluminium and 

its Alloys
Although the properties of these alloys have 

been discussed previously2 it is advisable to 
summarize again their principal characteristics 
of interest in building. The outstanding point 
is the exceptionally wide range of properties 
obtainable over the whole range of the light 
alloys—it is certain that there are very few 
items in normal buildings for which one of the 
aluminium-base materials cannot be success
fully used.

Low Weight.—The outstanding property of 
aluminium and its alloys is, of course, their 
low density which ranges from 2.63 to 2.82, 
compared with 7.8 for steel, 8.9 for copper, 
7.1 for zinc and 11.3 for lead. A cubic ft. of

aluminium alloy weighs approximately 172 lb. 
as against 48!) lb. for steel, about 112 lb. for 
brickwork and about 140 lb. for concrete.

Resistance to Corrosion.—Aluminium and its 
alloys do not rust or corrode in any way similar 
to ordinary steel, and practical examples of 
their high resistance to corrosion are mentioned 
in the body of the paper, and a great deal of 
other information is available. Their resist
ance varies somewhat according to the com
position of the alloy, those containing copper 
being rather poorer than those which are 
copper-free. Particular note should be made 
of the aluminium-magnésium series, containing 
from 2 to 7 per cent, magnesium, as they are 
especially resistant to marine atmospheres and 
are not heat-treatable. Another important 
point to be mentioned is the effect of electro
lytic corrosion, which occurs when any two 
metals are in contact, one of them being pre
ferentially attacked. The degree of corrosion 
when aluminium alloys are in contact with zinc, 
cadmium and steel (especially stainless steel) 
is very small, but increases when the second 
metal is copper or nickel. Maximum resistance 
to corrosion, combined with highest mechanical 
strength, is obtained by cladding a high 
strength heat-treatable alloy with pure alu
minium (" Alclad " ) , this being used exten
sively in aircraft.

The resistance to attack can also be greatly 
improved by anodic oxidation by- which pro
cess the natural film of impervious oxide is 
increased in thickness from a few molecules to 
as much as o.oor in. This is a most valuable 
property possessed by no other metal, especially 
as the film can be coloured in a variety of tints.

Conductivity.—The electrical and thermal * 
conductivities of aluminium rank next to that 
of copper and the alloys also possess high 
conductivity.

Mechanical Properties. — Ultimate tensile 
strengths range from about 5 tons/sq. in. for 
the pure metal to over 33 tons/sq. in. for some 
of the heat-treatable alloys—every possible use 
in building being adequately covered. Ductility 
and toughness are also good.

Mechanical Constants.—The values of the 
mechanical constants are:—

Modulus of Elasticity (E)
= 10 x io* lb. /sq. in. 

Torsion Modulus = 3.9 x io‘ lb./sq. in. 
Poissons Ratio = 0.36.

Forming and Machining.—The aluminium 
alloys can be formed and machined readily and 
there exists a tremendous reserve of plant and 
skill for all necessary operations.

Joining.—The pure metal and soft alloys are 
easily joined by gas and spot welding, whilst 
riveting and spot welding are usually employed 
for ■ the alloys of highest strength. Newly 
developed methods of joining by means of 
plastic adhesives are promising.

Reflectivity.—To this property detailed refer
ence has been made.

Appearance.—The self colour of aluminium 
alloys is generally pleasing to most architects 
and the range of finishes, including anodized 
and surfaces dyed to any colour, is welcomed as 
allowing maximum expression and minimum 
of constraint. The warning that dyes vary in 
permanency must be made; the fading is 
similar to that of any other dyed materials.
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N E W S General, Technical 
and Co mme r c i a l

Art of Advertising
C ORRESPONDENCE reproduced here results 

from recent private discussions on the place 
of pure art and humour in technical publicity. 
Opinion, in the main, favours straightforward 
factual advertising. With this viewpoint we 
and our first correspondent are not in entire 
agreement.

H u m  o u r ?  W h  y N o  I  ?
"  The increasing tendency to introduce the 

humorous element into technical advertisements 
appeal's in some quarters to be meeting with a 
certain amount of criticism.

"  Perhaps this humorous element will appear 
in its proper perspective, namely, neither better 
nor worse than any other subterfuge to seduce 
the reader from the text, if true appreciation 
be made of the ultimate objects of advertising. 
This science fulfils two main functions. The 
first and more obvious one is to acquaint the 
prospective buyer with the nature and use of 
various products, what they cost and from what 
producers they may be obtained. This function, 
which assumes the existence of prospective 
buyers, seeks merely to effect a connection 
between them and the source of supply, and is 
best served by the purely factual statement, such 
as may be inserted under classified small ' ads.'

"  It is ludicrous to tempt a producer to take 
full-page advertisements in a national daily paper 
if the same purpose can be served by the inser
tion of a few lines in the appropriate columns of 
a dozen magazines. Nevertheless, it frequently 
occurs that a situation of this kind arises, and 
the reason is to be sought in the second main 
function of an advertisement, namely, the desire 
to acquaint those who are not prospective 
buyers with the fact that such-and-such a 
product would be of benefit to them in their 
homes, in their businesses or where you will.

"  This branching out from the assumed pro
spective buyer to embrace all and sundry calls 
for an entirely different technique.

"  Some of the American publications devote 
something like go per cent, of their available 
space to the reproduction of a work of art and 
a comment on it, finally adding a very short 
note on the products advertised and leaving it 
to the reader to assume that there is a similar 
degree of excellence in both. Now this is, in 
fact, a trick, yet statistics show that, of all 
publicity, this type is the most popular and 
returns the biggest dividends in increased trade.

"  The argument may well be advanced that, in 
the technical world, we are not in the mood to 
have ' giggling girlies' camouflaging ball
bearings. The submission is, however, that this 
argument is fallacious, as if to a given reader 
the problem as to how and from whom ball
bearings may be bought is so serious, then 
that reader probably belongs to the class of 
prospective buyers and would read any per
tinent advertisement, whether serious or other
wise/be it a full-page job in three colours, or 
a three-line job in the classified ads.

"  Summing up, therefore, it seems that there 
can be no fundamental objection to humorous 
advertisements. Finally, can it be that our 
technical men are so devoid of the human 
touch that they either miss the humour alto
gether or, seeing it, skip an extremely important 
advertisement? " —Technologist,

I t ' s  N o t  F a n n y  in  C h in a !
"  With the end of the war drawing near, we 

are all concerned with getting ready to serve, 
once again, the old and, perhaps, to find new 
markets for our products. But, besides pro
viding the right goods, it is essential to bring 
them to the knowledge of the respective buyers 
abroad; for many reasons travelling in the 
post-war period will still be difficult, so that 
one of the few means of doing this will be to 
make use of the advertising pages of our various 
technical publications.

"  To my great surprise I find that we are not 
paying enough attention to the manner in which 
this publicity is carried out, and often see 
advertisements in technical papers which might 
well convey to readers abroad, not familiar 
enough with the English language, the impres
sion that the paper concerned is not a 
specialized periodical, but one of general 
interest, ranging from poultry-keeping to land
scape gardening. Surely, it is better to 
concentrate on the subject of one's products 
and to bring these to the notice of the respec
tive buyer, rather than indulge in flights into 
the higher realms of artistic creativeness?

"  For instance, if one wishes to sell oil filters, 
bolts or nuts, let the article be shown.

"  Designers of advertisements need to realize, 
too, that not everyone abroad has the same 
sense of humour as ourselves. The foreigner, 
With little knowledge of English, must, by 
looking through the advertising pages, be able 
at all times to see  rather than re a d  what the 
manufacturer in the United Kingdom has to 
offer.

"  1 know, from my own experience, that the 
engineering buyer overseas does not respond 
well to humorous advertising. In many cases, 
the impression created by such publicity is a 
poor one, and the prestige of the firm con
cerned, far from being enhanced, is frequently 
lowered by appeals of this type to overseas 
markets."—Export Merchant.

D iffe re n t P e o p le , D iffe re n t A p p e a ls
"  Without wishing to suggest that advertising 

is a deep mystery, whose secrets are only known 
to the initiates, it has, I think, been demon
strated conclusively that one needs to advertise 
differently to different types of people, and that 
the same type of advertising which has been 
successful in the daily Press will not necessarily 
be successful if repeated in the technical Press. 
In fact; in my experience, the odds are that it 
will fail completely.

"  The reason for this is, I suggest, that we 
are different people in our different capacities.
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Mr. Smith, architect, is just plain Mr, Smith 
when he is thinking of buying a shirt, but he 
is a technician when he is detailing the construc
tion of a staircase and specifying materials for 
it. Therefore, as his approach is different to the 
two different" problems, so must the approach of 
the advertising be different in both instances.

“ Yet, in both cases, Mr. Smith wants 
information, either implied or stated. In the 
first case, he wants to be assured that the shirts 
will fit him; that the material is good for 
the price he is asked to pay; that the colour is 
pleasing. But in the second case he requires 
much more detailed information; if hfe contem
plates designing wooden balustrading he wants 
to know whether the timber that he thinks of 
using will turn easily without chipping; will 
take stain and polish, and will be strong enough 
to bear weights that may be thrown upon it. If 
he contemplates light metal capping or hand
rail, he wants to know sections of extrusions 
obtainable; possibilities of fixing; oxidization 
and loss of colour; price, and a whole host of 
other data.

"  In fact, he wants to know much more than 
when he is buying a shirt, and an advertiser is 
faced with the problem of conveying all this 
information to the technician without loading or 
over-loading his page or half-page advertisement.

"  The only way to accomplish this is to induce 
the technician to ask for more information than 
one can possibly give in an advertisement. In 
other words, you stimulate his curiosity by 
either stressing one point, or by touching on all 
the points, so that he will ask for the rest, 
which can then be conveyed by catalogue or 
brochure.

“ But the point to be remembered is that the 
technician wants information that will help him 
in his job, and these words ‘ in his job ' really 
connote the difference between technical adver
tising and what I will call ordinary human 
advertising. Where many advertisers, however, 
go wrong, in my mind, is that they recognize 
the axiom that all advertising must attract 
attention, and in technical advertising are apt 
to over-stress this, thinking that if they draw 
a funny picture of a boy standing on his 
head waggling his heels in the air, which is likely 
to attract attention, they have done their job 
thoroughly; but 1 submit that having attracted 
attention they have then got to stimulate 
curiosity, which the form of advertising I have 
instanced fails to do.

“ This concentration on attraction is carried 
by many advertisers beyond Press advertising, 
into their brochures and booklets, which is a 
very sad mistake. I have recently had occasion 
to go through the catalogues and brochures 
which a number of architects have retained in 
their files, amounting to some hundreds. Ninety- 
eight per cent, of those retained are informative 
copies, kept for reference purposes. Only about 
z per cent, of the * pretty picture ' type have 
been kept, and these only for special individual 
reasons.

“  All architects, however, will tell you that 
the majority of the circulars, brochures, and so 
on which they received in peace time were of 
the pretty-picture, attractive nature, and these 
went straight into the waste-paper basket.

“ Let it not be thought that I decry attrac
tiveness. I decry it as an end, but not as a

means, and it is perfectly simple—once you have 
the knack of it—to set out informative matter 
attractively, but it does not demand a knack 
almost amounting to making it a specialist's 
job."—N . C. St o n e h a m .

A d v e r t is in g  T r e n d s  a n d  V a lu e s
"  The following account was written as a 

result of a discussion between the editor of 
'Light Metals’ and a.buyer in a large modern 
plant engaged in the production of light alloys, 
it  is published, not to give rise to any contro
versy as to what is, or what is not,; good and 
appealing advertisement matter, but merely as 
the reaction of one by whom, presumably, 
advertisements are meant to be studied, borne 
in mind, and used when occasion demands.

“ Primarily, it may be supposed, advertise
ments are intended to be rea4 by buyers and 
engineers of concerns which, possibly, use, or 
may be called upon to use, the products 
described, and which, at the moment, either do 
not employ such products, or which use similar 
goods made by a competitive firm.

*' As regards bodies already using the products 
which are the subject of any advertisement, it 
may be assumed that buyers and engineers are, 
in general, immunized against the intended 
appeal because of an already established know
ledge of their requirements and existing connec
tions with the several manufacturers. Publicity, 
therefore, if it is to be effective, must appeal to 
and be directed at prospective new clients.

“  Until a few years ago advertising followed, 
as a rule, more or less orthodox lines, inasmuch 
as the name of the appellant company appeared 
prominently, together with more or less written 
details of what was manufactured or sold. Such 
publicity was adorned with established and 
possibly well-known trade marks; in many cases 
pictorial presentation of the articles manufac
tured was also attempted. Such propaganda, it 
is safe to say, merely intimated to prospective 
buyers that such and such a concern or corpora
tion made goods which the buyer required for 
the first time, and his reaction was a general 
inquiry to those bodies, the advertisements on 
behalf of which appeared to give an indication 
of experience and solidarity.

"  Recent trends, however, seem to be towards 
pseudo-humorous, or highly coloured and 
pictorial matter which, in itself, conveys little 
impression to the buyer as to the prestige of a 
concern, or to the nature of the goods it wishes 
to sell. Unlike the older type of advertisement, 
it tends to leave him guessing as to the technical 
and business standing of the manufacturer.

“ It seems, therefore, to the writer, as one of 
many buyers with limited time under present 
conditions for studying advertisements and 
semi-technical matter, that much publicity of 
the type mentioned represents merely a waste 
of time and paper, because it does not ' put 
over ’ the requisite information and the standing 
of the advertiser—factors of so much importance 
to a buyer on first approach to a new 
requirement.

“ To the engineer (whose first considerations 
are, presumably, technical and mechanical data 
regarding the article he requires), recent types 
of humorous or highly coloured futuristic design 
in propaganda are likely, one would imagine, to 
convey no favourable impression. Solid tech-
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'id c m in iu m  A p p l ic a t io n s

HIGH DUTY ALLOYS ITO.

tr7 "H E  characteristics o f  ligh t m etals im pel im aginative  th ink ing . W h a te v e r  
~  yo u  m anufacture— aeroplanes, sh ips, road  tran sp o rt  vehicles, ra ilw ay ro llin g  
stock, m ach inery  o r  hou se h o ld  appliances, b u ild in g  o r  e lectrical equ ip m e nt—  
H ID U M IN IU M  a lum in ium  a lloys w ill play an ind ispensable  part in so lv in g
the  mechanical and structu ra l p rob lem s o f  the future. A  n ew  C o m p a n y__
H id u m in iu m  A p p lic a t ion s Ltd.,— has been fo rm ed  to  collaborate  w ith  des igne rs 
and con st ru c to rs  in e ve ry  in d u stry  to  se cure  the  best use  o f  H id u m in iu m  alloys. 
F u rth e r in fo rm ation  w ill be  sent on  request.

JL- Light weight and high strength ’ high thermal and electrical 
conductivity ' high resistance to corrosion ■ workability, 
ease o f fabrication ' non-toxic and non-magnetic * excellent 
appearance.
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an d a  m k  en ik e  
fa a o ffh  t ig e l”

I n d u s t r y  e v e ry w h e re  is begin n ing  to Photograph: Fox Photos.

realise  that it h a s ,  lor  too long, been 

som e w h at  l ik e  the y o u n g  la d y  o f

R i g a . ”

I t  h a s  r idden  r a th er  * e x p en s iv e ly .  M e t a l s  h ith er to  em p lo y ed  h a v e  had  

“ a  sh o r t  life a n d  a  g a y  o n e .”  I t  is recognising how  m uch m ach in e -cn e rgy  

can he eaten up  b y  deadw eigh t  —  a  rapac ious  devourer .

I n  other  instances —  metals  a re  eaten  i n t o — an d  profi ts  tpo, b y  gu lps .

I t  is therefore  not su rp r i s in g  to rea l ise  the welcome aw ait in g  R e y n o l d s  

S t ro n g ,  L ig h t ,  an d  non -corrod ilde  A l l o y  P ro d u cts  im m edia te ly  on their 

release from w o r k  of N a t io n a l  im portance .
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nical achievement, on the other hand, as 
evidenced by some degree of development in a 
product or machine with which the engineer is 
already partly acquainted, will infallibly arouse 
that first spark of vital interest, and provoke 
him to probe deeper into the matter by con
tacting the advertiser concerned.

"  Requirements for concerns such as that with 
which the writer is connected, may cover a 
diversity of goods, including light metals and 
heavy metals, machine tools and working 
equipment of every sort. Buyers in such con
cerns are, it is granted, essentially commercially 
minded, but enterprise and progress demand 
that they keep a constant eye on primary 
technical developments connected with their 
current and probable future requirements; the 
modern trend of advertising design, it seems, 
does not further this aim and fails to strike 
the right note of first appeal.

" I t  is realized that it is difficult for those 
responsible for drawing up publicity to decide 
just what and how much of the various matter 
appertaining to the advertisement shall be made 
public in the form of ' copy ' or illustration; 
particularly is this so at the present time, when

so much developmental work must, for obvious 
reasons, not be disclosed. In addition, one 
single type of advertisement cannot be expected 
to exert a maximum appeal upon each and every 
engineer or buyer whose attention it is desired 
to attract.

"  Both at home and abroad post-war industry 
will make numerous demands upon suppliers of 
raw materials and semi-finished forms. A 
common thought in the minds of all engineers 
embraces the numerous developments, improve
ments and alterations in existing materials and 
plant, which must be reckoned with in 
formulating peace-time programmes. To serve 
its purpose publicity which will strike home at 
first glance must, it seems, therefore, lie some
where between the old, dry factual type, and 
the very new forms of which the writer 
complains.

"  Business solidarity and technical confidence 
must be indicated, together with just sufficient 
information of that type which the buyer can 
at once appreciate and absorb, and which will 
either remain standing in his mind to be called 
on when required, or be sufficiently impressive 
to be recorded for future reference."—B uyer .

DETERMINATION OF ZINC IN LIGHT ALLOYS
I T is to be regretted that, in the paper 

"  Determination of Zinc and Aluminium 
Alloys," by \V. Stress and G. H. Osborn, pub
lished in the July issue of "  Light Metals "  
(p. 323)» numerous errors occurred in reproduc
tion of the original copy. Those interested may 
obtain corrected copies by applying to the 
authors.

Further to the comment contributed by 
Roberts on this paper ("L ig h t  Metals," 
1944/7/327) the following letter has been 
received:—

"  The question of what accuracy really means 
will no doubt continue to worry many indus
trialists. It is of little use weighing to four 
decimal places, using a chemical process that 
may entail much more serious inaccuracies. 
We may instance as extreme examples, say, the 
well-known Conradson fixed carbon test for oils 
which while not an analytical method is an 
extremely important control. Here much 
depends on the individual and the method of 
burning. One would not introduce accurate 
weighing since the process may entail an

inaccuracy of 10 per cent. Another exampl< 
that might be cited is, say, the estimation cA 
cobalt in metallo-organic compounds. Most 
workers use a preliminary ashing and differences 
of results by different workers have often been 
as much as 7 per cent, and 8 per cent. Some 
consider, not without good reason, that inexact 
results in industry are not disastrous so long 
as the inexactitude is known. Thus it is often 
better to rely on one careful worker who works 
consistently inaccurately (not carelessly). At 
judicious periods truly accurate analyses may 
be made to keep a check on the actual 
inaccuracy. This applies also to colorimetric 
work—one constantly inaccurate but careful 
worker is often worth more than a pedantically 
accurate but partially colour-blind worker. By 
and large, one finally gets sufficient accuracy 
and certainly speed.

On the whole one welcomes the introduction 
of any physical instrument to eliminate many 
chemical analytical methods, so long as they 
do not introduce other chemical discrepancies. 
—M. D. Curw en .

ACCELERATED ANODIZING : Commentary
T HE work of A’kimofT* and his colleagues 

gives a fair picture of the quantitative 
aspect of anodic oxidation and, as such, serves 
to remind readers of the chemical principles 
involved in the many possible variations of 
anodizing conditions. It should be appreciated, 
however, that the bulk of the information given 
appears to comprise a summary of British, 
American and German work carried out during 
the past 15 years. The correctness of some of 
the facts is open to criticism and the following 
commentary is intended to. present other aspects

which the author appears to have overlooked. 
In view of a scattered literature and the lack of 
published information of a concise nature, it is 
not surprising that some i^oints have been over
looked or misinterpreted.

The comparisons drawn between the sulphuric 
and chromic acid films are in some cases at vari
ance with established views, viz.:—

(a) The protective properties of the film 
produced by the usual sulphuric acid pro-

* S e e  “ L ig h t M e ta ls ,”  1944 7 ,3 1 1.
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cess (DTD.910B) and the chromic acid pro
cess are approximately equal in so far as 
resistance to corrosion is concerned. This 
statement is based 011 extensive visual and 
mechanical assessment carried out by the 
R.A.E. and other test houses. The resist
ance of the sulphuric acid film to 
mechanical wear is of the same order as that 
of the chromic acid film for equal film thick
ness, but the former process is one that 
lends itself to the production of films 
having thicknesses far in excess of those pro
duced by the latter method. For this reason 
it is often possible to rely on the combined 
resistance to corrosion and mechanical wear 
of the sulphuric acid film plus a chemical 
sealing process to simplify or eliminate the 
subsequent painting system although British 
aircraft constructors have been slow to 
appreciate this point.

(b) The chromic acid process can readily 
be applied to duralumin, and, indeed, this 
alloy is probably anodized in larger quanti
ties in this country than any other alloy. 
The process can also be applied to alu
minium castings, containing less than 5 per 
cent, copper or to higher copper alloys if 
the operating conditions bg modified. 
Chromic acid trapped in porous castings is 
less likely to give rise to corrosion trouble 
than sulphuric acid and, for this reason, 
those aluminium alloys that are difficult to 
anodize in chromic acid and which must be 
treated in sulphuric acid are best given a 
sealing operation in potassium dichromate 
solution so as to introduce chromate into 
the pores in partial or whole replacement of 
any trapped sulphates.

(c) The statement that the adhesion of 
sulphuric acid film is greater than that of 
chromic acid film is peculiar and if intended 
to apply to the adhesion between film and 
base metal is difficult to believe. The 
authors may have in mind the adhesion of 
paints to the anodic film, in which case the 
statement is correct. It is not generally 
appreciated in this country that certain 
types of sulphuric acid films give better 
paint adhesion than any other known 
method of preparing light-alloy surfaces, 
including pickling, chemical oxidation, 
chromic acid anodizing, etc.

(d) Although the use of chromic acid 
necessitates compliance with special health 
precautions, it is also desirable, but not 
essential, to exhaust sulphuric acid spray. 
Even if operators are acclimatized to the 
sulphuric acid spray, structural steel work 
and other steel plant in the vicinity suffers 
very' rapid corrosion.

(e) The danger of damage to aluminium 
articles due to current interruption during 
anodic treatment in sulphuric acid has been 
greatly exaggerated. The maximum time of 
immersion is 20 minutes and only alloys con
taining high copper or zinc are likely to be 
affected.

(f) With the exception mentioned under 
section (b) above it is not essential to seal 
the sulphuric acid films in a chromate solu
tion, particularly if painting is to follow;

indeed, the sealing operation-decreases the 
paint adhesion to a slight extent. Of course, 
if painting is to be omitted and if the yellow 
colour of the chromate-sealed coating is not 
objectionable there is ample evidence that 
this sealing process considerably increases 
the corrosion resistance of the film.

(g) The time of treatment for sulphuric 
acid films recommended by the Russians 
exceeds that usually used in this country 
(15 minutes). The additional process of 
sealing merely delays the time taken to turn 
out the first batch of work; all subsequent 
batches arrive at 15-minute intervals—a 
rather different state of affairs from that 
arising where the anodizing process, taking 
35 minutes, is used. (Modified chromic 
acid.)

(h) The figure given for the quantity of 
electricity used in the standard sulphuric 
acid process adopted by the Russian 
Research Institute of Aircraft Materials 
differs so greatly from the average figures in 
this country that it is possible that some 
error of translation has occurred. The cur
rent consumption of 200 A.secs./dm.2 is 
equivalent to 1S55 A. secs./sq. ft. or approxi
mately 0.5 A.hrs./sq. it. The typical British 
process operates at a current density of 
20 amps./sq. ft. for a period of quarter of an 
hour which is equivalent to 5 amp. hrs./sq. 
ft. If the error be one of translation involv
ing the misplacement of a decimal point, it 
is probable that the current-consumption 
figures are precisely similar in both 
countries.

(i) The authors make the startling state
ment that a reduction of film thickness 
decreases elasticity. This is contrary’ to 
general experience as most thin films will 
stand more mechanical deformation than 
thick films formed in the same electrolyte. 
In any case, it is difficult to appreciate why 
lack of elasticity should be objectionable, 
assuming that, as in this country, 
mechanical processes involving bending, etc., 
precede anodic treatment. In the section 
dealing with elasticity it is said, in contra
diction to an earlier statement, that visible 
crazing of the film occurs earlier on thick 
films than on thin films.

(j) The authors draw attention to the 
accumulation of aluminium sulphate during 
the operation of sulphuric acid anodizing 
baths, and the figures of permissible con
centration of aluminium are similar 
to those specified in this country ,̂ 
but it has been found that the life 
of a sulphuric acid anodizing plant can 
be prolonged by operating at such a voltage 
that the current density obtained in a fresh 
bath is maintained. This involves operating 
at, say, 14-15 volts instead of 12-13 volts 
when the bath is nearing the end of its use
ful life. Determinations have been made of 
the increase in weight of pure aluminium 
anodes together with a note of the coat 
thickness and loss of metal section, and it 
would appear that providing the same cur
rent density is employed both in the old and 
new baths all the other properties of the film
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remain similar within the limits of commer
cial requirements. A stage is reached when 
the amount of aluminium sulphate is such 
that crystallization tends to occur when the 
bath cools overnight and at this stage it is 
more economical to dispose of the bath than 
to attempt filtration.

(k) The protection property test is

MAGNESIUM IN
T HE United States Department of Labour 

(Bureau of Labor Statistics) has recently 
issued, under the title "  Impact of the 

War on Clark County, Nevada (the Las Vegas 
magnesium area)," a further addition to its 
series of working notebooks for use by local 
groups studying current economic develop
ments assisting in the formulation of plans for 
the post-war period.

The scope and purpose of this report is best 
summed up in the words of the first paragraph 
of the introduction: "  This study is one of a 
series of industrial area reports which the 
Bureau of Labor Statistics is preparing as a 
service to local civic, labor and business groups 
and as a means of developing a panoramic 
background of local conditions against which 
proposed Federal policies for the post-war 
period can be more realistically appraised." 
The introduction goes on to say that: "  The 
series will cover as many as possible of the 
300 main industrial centres of the nation which 
even before the war contained three-fifths of 
our total population and four-fifths of our 
factory workers and miners. In general these 
are the communities which have been most 
changed and expanded by the war and which 
will later face the most serious problem of 
reconversion, re-employment . and industrial 
adjustments. The job of developing a sound 
program for demobilization and sustained 
business activity after the war is big and 
difficult. It will require the best efforts of 
many groups and individuals. Moreover, no 
one knows how soon we may be confronted 
with the need for immediate action."

Although referring purely to local situations 
in the United States, the manner of approach 
adopted in this report is worthy of serious 
consideration by interested parties in this 
country, where, as in U.S.A., "  Disagreements 
on important economic problems continue to 
exist, as is to be expected in a democracy."

The hope is expressed that in the U.S.A. 
"  there is a substantial and growing recognition 
on the part of all major groups that American 
economy after the war must be made to operate 
on a high level of production, income and 
employment " —this outlook we hope is echoed 
in Great Britain.

The contents page of the report illustrates 
how thoroughly the position has been surveyed. 
Under six headings the following points are 
dealt with:—

1. Labour force, employment and develop
ments in industry.

2. Natural resources, transportation, public
utilities, climate.

3. Total population, urban and rural popula
tion, race and nativity, age distribution.

definitely a rough-and-ready method, but it 
is quicker in operation than separate tests 
for porosity and film thickness. The test 
assumes that porosity and film thickness are 
of approximately equal importance whereas 
it might be held that porosity is the more 
objectionable factor as its presence is detri
mental even in thick films:—V.F.H.

POST-WAR U.S.A.
4. Local government, education, health

facilities, housing, income tax.
5. Expansion of war plant facilities, war

production, employment, labour supply,
current construction of civij plants.

6. Post-war outlook for magnesium, other
industries, public works.

The section dealing with the post-war outlook 
for magnesium deals, rather naturally, prin
cipally with estimates of post-war trends based 
on established pre-war data. In 1939 65 per 
cent, of magnesium consumed in U.S.A. went 
into fabricated parts, primarily sand and die- 
castings, extrusions and rolled sheet. Of this 
item of production So per cent, went into 
aircraft, mostly into engines, the balance being 
consumed in air-frames and wheels; the 
remainder was largely consumed in the manu
facture of automobiles and 30 per cent, of 
magnesium metal output was consumed as an 
alloying addition for aluminium and other 
alloys, mainly zinc. Five per cent, of the 
magnesium output was employed as a scaveng
ing or deoxidizing agent, pyrotechnic composi
tions, tracer bullet chemicals and other 
products. Speaking of post-war prospects of 
the metal the report goes on: "  Its potential 
uses are numerous. European automobiles have 
always contained much more magnesium than 
those manufactured in America. Germany and 
Japan, lacking other metals, are probably 
effectively using magnesium alloys as substi
tutes. Report tells of German use of mag
nesium in telephone switch parts and busbars, 
blanks for process engraving and instruments, 
portable high-speed tools and equipment.

"  However, prospects for magnesium in the 
immediate post-war period rest chiefly with the 
aircraft industry. No other industry can 
furnish a demand immediately after the war 
large enough to absorb the enormously expanded 
production capacity. Use of magnesium is 
increasing within the airplane industry. Mag
nesium alloy sheet was produced for the first 
time in 1939 for use in the interior of airplanes 
for walls, seats, berth members and partitions, 
doors and other secondary structures.

1 he eventual demand for magnesium is 
not the only factor to be taken into account. 
For when the present demand for magnesium 
in military aircraft production comes to an 
end, some time will elapse before civililian 
requirements mount to that high level. During 
that waiting period the demand for magnesium 
must inevitably slacken and employment 
decline. This possibility might be countered if 
an energetic and optimistic management pro
duced for stock in the expectation of civilian 
markets and in the hope of being first in those 
markets."
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U.S.A. Aluminium Production
T HE American Chemical Society's ” News- 

Letter ” for December 10, 1943, published 
an interesting article by Francis C. Frary of 
the Aluminum Co. of America, entitled 
"  Aluminum in War.” The report is largely 
on the aspect of production of America’s war
time demands for light metal.

Considerable work has been done on the 
utilization of low-grade native bauxites and 
clays, work which was initiated before World 
War I and intensified during the past six years. 
According to Frary, it is, however, only under 
exceptional circumstances that low-grade ores 
can compete with high-purity bauxites.

Voice of the Factory
I SSUED by the Austin Motor Co., Ltd., is a 

manual entitled the “ Voice of the Factory.” 
Summarizing the aims of and lessons learned 

from an exhibition entitled ” Tell the War 
Worker,” which was organized by the Austin 
Motor Co., Ltd., in collaboration with other 
leading firms in the Birmingham area, this pub
lication, which is available at 2s. fid. (postage 
4(1.), is excellently printed and well illustrated.
Defined 011 the title page as "A Manual of
Works Relations," it is by J. F. Bramley, 
Safety and Welfare Superintendent to the Austin 
Motor Co., Ltd.

The Missing Technician
U NDER the title ” The Missing Technician 

in Industrial Production," John Gloag has 
presented us with a most refreshing booklet.

Within the scope of 100 pages, the author sets 
out to prove that good industrial design pays 
hand over fist. It might be said that the moral 
of the work lies in its common-sense attitude 
in relationship to the services which industry 
must render to those it serves. Naturally 
enough, the role of aluminium and plastics in
the future progress of industrial design is
indicated.

Metallic Hearths for Furnaces

WE have received from the Incandescent 
Heat Co. a pamphlet entitled "  Distortion- 

free Metallic Hearths.” In design, these hearths 
consist of an assembly of specially designed 
small tiles and are applicable for heat treatment, 
carburizing and annealing furnaces up to tem
peratures of about 3,000 degrees C.

Midland Post-war Production
ON Friday, May 12, at the Abbey Hotel, 

Kenilworth, some 50 Midland manufacturers, 
directors and members of their administrative 
and technical staffs gathered at the invitation 
of Mr. Louis E. Dickins, of the Louis Dickins 
Co., the Coventry Engineering Sales Agents, to 
review the possibilities and problems of post
war industry in general, and in particular as 
regards new developments relating to moulded 
plastics, non-ferrous castings, piston rings and 
precision springs.

These subjects were covered in an informative 
manner by Mr. K. R. Dodd, sales manager of 
United Ebonite and Lorival, Ltd. (Plastics;, 
Mr. G. W. Littlewood, general manager of the

Sandwell Casting Co., Mr. R. II. Hainsworth, 
technical manager of the Aero Piston Ring Co., 
Ltd., and Mr. F. C. A. Skelding, director of 
Skeldings, Ltd. (Springs). A useful discussion 
took place and many questions were raised by 
the large company present, which included 
Messrs. A. G. Booth, L. Cowland, G. Chadwick, 
W. A. Dobson, J . Heritage-Peters, J . E. John
son, T. L. Jump, E. W. Martin, K. J. Palmer,
H. t J . Satchwell, Geoffrey H. Savage, and 
numerous other gentlemen well known in Coven
try engineering circles.

Future industrial developments in Coventry 
and district were also discussed, following 
speeches by Mr. Harry Weston (Modern 
Machine Tools, Ltd.), Mr. J . Heritage-Peters 
(Advertising and Sales Consultant) and Mr. 
James Taylor (City Development Officer).

Patent-Office Metallurgy
T HOSE who sponsor the need for a revision 

of our patent law will, we believe, find 
ample support for their claims in B.P. 560410. 
With the soundness of the invention we do not 
quarrel; the phraseology, however, borders on 
the fantastic.

Society of Instrument Technology

THE Society of Instrument Technology 
has been formed for those interested in the 

design, manufacture, use and maintenance of 
scientific instruments. Its objects are:—

(a) The advancement of instrument tech
nology by the dissemination and co-ordination 
of information relating to the design, applica
tion and maintenance of instruments. (b) 
The provision of opportunities for discussion, 
particularly between the designers and manu
facturers on the one side, and the users on 
the other, (c) The provision of opportunities 
for discussion and collaboration between the 
society and other associations. (d) The 
encouragement of technical education for per
sons who wish to enter, or are already in, the 
industry dealing with instrument research, 
design, manufacture or use. (e) The encour
agement of research into problems relating to 
instrument technology, (f) To encourage the 
standardization of instruments and accessories 
by collaboration between manufacturers and 
users, (g) The determination of a commonly 
acceptable terminology, (h) Enhancing the 
status and prestige of those employed in the 
industry .̂
Members of council and officers are:—Presi

dent, Sir G. P. Thomson, M.A., F.R.S.; mem
bers of council. Dr. W. J . Clark, Mr. G. H. 
Farrington, Dr. W. F. Higgins, Mr. W. B. 
Wright, Mr. C. R. Sams, Mr. E. B. Moss, Mr. 
R. E. Iggledon, .Air. F. C. Knowles, Mr. D. A. 
Oliver, Dr. H. S. Gregory, Dr. E. Griffiths, Prof. 
F. Debenham; hon. treasurer. Dr. H. B. Cron- 
shaw; hon. secretary, Mr. L. B. Lambert.

Those interested are invited to send their 
name and address to the Hon. Secretary, 55, 
Tudor Gardens, London, W.3, who will forward 
details of membership and an application form.

It is intended to call a general meeting, prob
ably in the early autumn, at which the constitu
tion and rules, as recommended by the council, 
will be submitted for the formal approval of 
intending members.
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Radiography of
LIGHT-ALLO Y CASTINGS

Based on a Paper Read Before a jo in t  
Meeting of the Manchester and District 
Branch and the Industrial Radiology Group 
of the Institute of Physics, on May 20,1944, 
in the University o f Manchester. The Author 
Discusses Some Applications of Filters and 

Intensifying Screens

By

C. T. SNUSHALL

T HE application of intensifying screens to 
the radiography of light alloys is not 
generally appreciated, and although filtra

tion is, to a large degree, becoming more widely 
used, it seems that these two subjects are, as 
yet, far from being fully understood. It is for 
this reason that these particular items have 
been chosen to be the subject of a paper in the 
hope that by doing so some information might 
be gained from the experiments that have been 
carried out.

Unfortunately the experiments conducted 
were all done with alloys of which aluminium 
was the main constituent, but there is every 
reason to believe that similar results would be 
obtained had magnesium alloys been available.

It should be mentioned that these experi
ments were initiated with a particular purpose 
in view—that of increasing the output of 
radiography of castings from equipment that 
was becoming more and more difficult to obtain. 
Owing to the fact that large castings of a 
relatively thick cross-section were emanating 
from the foundry to which the author’s 
laboratory is attached, it was found that 
exposure times were increasing to such a degree 
that if any large quantity of castings of a heavy 
section were to be produced, insufficient plant 
would be available for the radiography of the 
foundry’s output. It was therefore decided to 
find some method of reducing this time factor. 
Numerous minor experiments were carried out 
and it was ascertained that it was possible to 
obtain satisfactory radiographs with intensify
ing screens, together with somewhat enhanced 
defect detection in the thicker sections in 
particular. By thicker sections a section of 
3 ins. or more is indicated, and although 
intensifying screen technique applied to the 
radiography of light alloys is generally abhorred 
by radiologists, it was not found to interfere 
with the definition or resolution of defects in 
sections over and above 1 in. in thickness.

Having realized a possible radiographic 
technique by which sections of a light alloy 
up to 6 ins. thick could be rendered interpretable 
by exposures of 25 secs, or less, with a tube-film 
distance of 6 ft., it was decided to delve into

the matter more deeply to obtain as much data 
as possible with relation to the various com
binations of intensifying screens, films, filters, 
kilovoltages and thicknesses.

For this purpose two step blocks were 
obtained varying in thickness from 1 in. to 
6 ins., together with various types of film, 
both for direct and screen radiography; and 
the following experiments were carried out with 
an X-ray set which has a maximum output of 
rays generated at 220 kilovolts. Although there 
are a number of different types of intensifying 
screens 011 the market, high definition screens 
were accepted as being the best suited for the 
job in question, being fine grained with a fairly 
high intensifying factor and, above all, durable 
so that they could lie used in production, when 
wear and tear is considerable.
F ilm  C h a ra cteristics

The first experiment was made to compare 
specific combinations of film and screens with 
results obtained when film only had been used, 
to produce a characteristic curve for each 
combination, thereby finding their relative 
effectiveness to X-rays generated at a number 
of different kilovoltages. Exposures were made 
with three different types of film, two of which 
were of the type for use with intensifying 
screens (*' A ”  and '* B ”  for the purpose of 
this paper), and the third being of the non
screen type ( " C ” ). Each of these three films 
was exposed at 75, 100, 125, 150, 175 and 200 kv., 
both with and without high-defmition intensify
ing screens. The exposures were such that 
when plotted on a logarithmic scale they would 
be the equivalent of- equal increments along the 
horizontal axis of the characteristic curves, 
covering the regions of under- and over-exposure 
of the film. In this way it was only necessary 
to give about 15 exposures for each film to 
obtain as nearly as possible the characteristic 
curve of the material.

These exposures were then given normal 
development and the photographic density for 
each different exposure found by comparison 
with a standard strip of film calibrated before
hand. The densities were then plotted against
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log exposure to obtain the characteristic curve 
in the usual way. A single set of curves is 
shown in Fig. i for each of the voltages stated 
above.

It will be seen from these curves that the 
higher the voltage applied the further to the 
left the curves are placed, within the range 
being investigated at any rate. It will also 
be noticed that the displacement of any one 
curve, due to the film being used in conjunction 
with screens, is not the same for each voltage.
In t e n s if y in g  F a c t o r

From these graphs the effectiveness of the 
intensifying screens, or the intensifying factor, 
can be found for any of the three combinations 
by measuring the horizontal distance between 
the two curves in question and taking the 
antilog of that distance as measured by the 
scale along the horizontal axis of the diagrams. 
These factors will be found to vary slightly 
according to the density for which the readings 
are taken and tend to increase as the density 
increases. This is another way of stating that 
if a film is used in conjunction with intensifying 
screens the resultant, contrast or "  gamma "  is 
increased as well as the relative speed. This, 
however, is only a general statement, for the 
gamma in either case is a function of the 
nature of the photographic emulsion. In order, 
therefore, to find the voltage at which the 
intensifying screens give their maximum 
intensity it was decided to plot the intensifying 
factor against the kilovoltage for four different 
densities. These four graphs are shown in 
Fig. 2, giving without doubt the maximum 
efficiency in the region of 160 kv. As this 
agrees in the case of each of the three films 
used, the result is assumed to be correct for the 
type of screens being used.

It will be seen that for film "  A "  the factor 
varies frojn 17 at 75 kv. up to 40 just above 
150 kv., and then falls to 30 at 200 kv. For 
film “  B "  the figures are relatively in the same 
proportions, the film being apparently less 
sensitive to the fluorescent light of the 
intensifying screens than film “  A."

Film "  C ”  being a 11011-screen film, shows 
considerably less reaction to the fluorescent 
light, but nevertheless when used with screens 
it forms a combination that is about three times 
as fast as the same film when used without 
screens at 160 kv. and at a density of 1.0.
S c a tt e r  f ro m  O b je ct

It is known that when a beam of X-rays 
impinges upon an object of any material a 
certain amount of rays penetrates that body, 
a  proportion is absorbed, and from that body 
certain secondary radiations are set up. This 
secondary radiation is always made up of at 
least, three different types of rays: character
istic ^X-rays, being of a wavelength typical of 
the material of the body being irradiated; 
unmodified scattered radiations of the same 
wavelengths as the primary’ beam; and modified 
scattered rays of wavelengths longer than the 
original beam. This latter type of secondary 
radiation was investigated by Compton, and the 
wavelengths of these rays have been found to 
vary according to the angle between the 
scattered ray and the primary’ beam. It 
should be pointed out that the Compton Effect, 
as it is known, is independent of the atomic

number of both the target and the scattering 
element.

The ratio of the intensities of the modified 
and unmodified rays in the Compton Effect, 
however, varies with the atomic number of the 
scattering element, and in the case of the alloy 
dealt with in these experiments appears to be 
in the region of 2-1.

From this information the following facts can 
be obtained: that in the region in the direct 
path of the primary beam the modified rays 
are at their longest wavelengths, and that in 
this region the scattered rays are made up of 
about two-thirds modified and one-third unmodi
fied rays. The wavelength variation in any 
other region need not be considered, for in all 
cases of examination of bodies for internal 
cavities or incongruities the photographic film 
or plate is placed directly below the object 
being radiographed.

Having ascertained the make-up of the 
scattered radiation the problem of eliminating 
them can be attacked. Methods of doing this 
are many and various, but there seems no 
method yet known which entirely eradicates 
these unwanted radiations.
R e d u c t io n  o f  S c a tt e r

We will consider some of the methods which 
are possible to reduce the effect of these 
scattered rays. First and foremost is the 
filtration method by which the secondary rays 
can be reduced in intensity, thereby affecting 
the photographic emulsion to a lesser degree. 
The question immediately arises as to which of 
the metals or combination' of metals gives the 
maximum effect without making existing radio- 
graphic conditions impracticable. Unfortu
nately very few types of filtering materials 
were available to" the author, but of those 
tested copper sheet appears to give as satisfac
tory a result as any. The position of filters is 
also of importance. Different people have 
different opinions in this respect and therefore 
there does not seem to be any real reason why 
a filter should be placed on the tube, or between 
the specimen and film. There are, however, 
certain points which are of importance when 
consideration is being given to the position of a 
filter for use as a partial eliminator of scattered 
radiation.

In favour of the use of a filter on or near 
the tube are the following points:—

1. That the addition of a filter in this 
position reduces at source the intensities of the 
longer wavelength rays, which give rise to a 
fair proportion of scattered rays.

2. That the introduction of a sheet metal 
filter between the object being radiographed and 
the film must of necessity increase the object- 
film distance which, if maximum sensitivity of 
fault detection is to be obtained must be kept 
down to a minimum.

3. A filter placed between the object and the 
film must be free from all incongruities and 
must be of uniform cross-section to give .satis
factory results. This unfortunately is not 
always possible unless extreme care is exercised, 
which is unlikely when mass-production 
methods have to be operated with relatively 
unskilled labour, as is more often the case than 
not to-day. , :

In opposition to these must be borne in 
mind the fact that whatever filtration is placed
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1 0  2 0  3 -0  4  0
RELA TIV E L O G  E RELATIVE L O G  E

Fir. I .— C h a ra c te ris tic  cu rv es  sh o w in g  re la tiv e  e ffec tiv en ess  to  X -ra y s  g e n e ra ted  a t  200 kV p, I 75 kV p, 150 kV p, 
125 kV p, 100 kV p a n d  75 kV p resp ec tiv e ly , o f  specific  co m b in a tio n s  o f film a n d  sc re e n . It sh o u ld  b e  o b se rv ed , 
in te r  a lia , th a t ,  in  th e  six  se ts  o f c u rv e s  re p ro d u c e d  a b o v e , d isp la c em e n t o f a n y  o n e  c u rv e  d u e  to  th e  film b e ing  

u sed  in  c o n ju n c tio n  w ith  sc re e n s  is  n o t th e  sam e fo r  e a ch  vo ltag e .

—I----1---
2 0 0  KV P

between the target and the object, scattered rays 
emanate from the object which, if not curtailed, 
may prove injurious to the resultant radio
graph.

In favour of the filter placed between the 
film and the specimen is the point that it is the 
scattered radiation from the .body which is the

chief concern, and although this can be reduced 
by partially eliminating the softer rays, which 
give rise to a large proportion of this scatter, 
by means of a filter placed on the tube, there 
still arises a certain amount of scatter from the 
specimen which has to be made ineffective. 
These unwanted rays can be reduced by the
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introduction of a  suitable filtering medium 
between the specimen and the film.

Against the use of filters in any position there 
is the important fact that any increase in thick
ness, whether of filter or object, leads to a 
reduction in sensitivity, if scatter is neglected, 
as this, the sensitivity, is a function of relative 
thicknesses of defect and body, and when a 
filteris in use its equivalent thickness must be 
added to the thickness of the object to obtain 
the effective thickness of the object being 
penetrated. As well as this, due to the 
absorption of a proportion of the longer wave
lengths forming the primary beam, less radio- 
graphic contrast is obtainable owing to the fact 
that rays of shorter wavelengths are less 
absorbed than those longer wavelength rays, 
thereby further decreasing the sensitivity of 
fault detection.
A  P ra c t ic a l T e st f o r  S c a tt e r

To test the amount of scatter radiating from 
an object of aluminium alloy of 6-in. thickness 
the following comparisons were made. A 6-in. 
section of metal was taken and exposed to 
X-rays, generated at 160 kv. with a small lead 
block about 1 in. square and one-sixth of an 
inch in thickness placed on the tube side of the 
object and another similar lead square placed 
between the object and the film. The differ
ence in density of these squares is due to the 
fact that scattered rays radiating from points 
to the side of the lead square are affecting the 
photographic emulsion immediately below the 
lead square on top of the object, whereas all 
primary rays are absorbed. In the case of the 
lead square placed between the object and the 
film, all radiation, whether primary or
secondary, is absorbed, which shows an almost 
unexposed area of emulsion.

The result of this practical test is shown in 
Fig. 3 and is rather astounding. It shows that 
the lead square which was placed on the top 
of the object is barely visible. Now this means 
that with a radiograph taken without any
precautions against scattered radiation, defects 
of a relatively large size could be missed by 
the radiologist if they were near the surface of 
the object farthest from the film. This shows 
how serious the whole question of scatter is 
and that, particularly in cases where thick 
sections are being examined, how important it 
is to control these secondary radiations.

Similar tests were carried out with copper 
filters of 0.04 in. thickness placed on the tube 
and on the film in turn to compare the relative
efficiencies of the two methods. Very little
difference in amount of scatter was apparent 
between the two methods as shown in Fig. 4.

One thing was certain, that a considerable 
amount of scatter had been eliminated by either 
placing a filter on the tube or on the film.

According to theory it should be of advantage 
to place some of the filter on the tube to reduce 
the intensities of the softer rays emanating from 
the tube, and some of the filter on the film to 
reduce the actual scattered radiations from the 
object being examined. This was confirmed 
by test, in which 0.020 in. copper sheet was 
placed on the tube and 0.020 in. copper on the 
film. Comparisons as shown in Fig. 5 with 
either of the radiographs taken with the 
0.040-in. filter show that the divided filter, as

F ig .  3 (extrem e left).— A , ra d io g ra p h  o f 6- in . section  of aluminium, 160 kV , n o  filtration. F ig -  4 a n d  F ig .  5 (se co n d  a n d  third 
g ro u p s  of re p ro du c tion s re a d in g  from  left to right).— Taken at 160 k V  a s  fo r F ig .  3. but u n d e r  fo llow in g  c on d it io n s : A ,  n o  
filtration; B, 0.04-in. c op p e r sheet o n  tube  ; C , 0.04-in. copper sheet on  film ; D . 0.020-in . c op p e r o n  tube  and  film. F ig .  6 
(fou rth  g ro u p  rea d in g  from  left to right).— A , a s  in  F ig s. 3 and 4; E. with in ten sify in g  sc reen s but n o  filters. F ig .  7 (extrem e 

right).— D ,  a s  in  F ig .  5 ; G , w ith intensifying screens a n d  d iv id e d  filter.*

D E N S IT Y  -  1 0 D E N S IT Y  =  1-5

D E N S IT Y  =  2 0 D E N S IT Y  =  2-5

100  150
V O L T A G E  ( K V )

10 0  150
V O L T A G E  ( K V )

F ig .  2.— C u rv e s  de rived  b y  plotting intensifying factor a ga in st  k ilo vo ltage  for 
fo u r  different densitie s. M ax im um  efficiency o cc u rs  in  the reg io n  o f 160 kV p .
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shown by “  I),” is slightly better for reducing 
the effect of scattered radiation.

In order to confirm the decision that the filter 
should be placed between the film and the 
object, rather than on the tube, an experiment 
was carried out with an ionization chamber 
calibrated directly in Röntgen units per minute. 
First a reading was taken with no filtration 
whatever, and then a filter of copper sheet of 
0.040 in. thickness was placed on the tube and 
on the film in turn. A 5-in.-thick block of 
aluminium alloy was present as the specimen 
in each of the three cases.

The following readings were obtained:—
No filtration .. .. 0.21 "  r ” per min.
0.040-in. copper on tube 0.16 “ r ” per min.
0.040-in. copper under 

specimen .. .. 0.115 “ r ”  per min.
This shows that although no increase in 

thickness of the effective specimen has occurred, 
the order in which the different metals are 
penetrated makes a considerable difference, 
being mostly due to the absorption of rays 
scattered by the specimen itself. This confirms 
the radiographic images produced, which are 
reproduced in F'igs. 3, 4 and 5.

So far we have seen that some scatter, but 
not anything like all, may be eliminated by 
the use of filters.
G rid s

Another method of eliminating scatter, or 
rather reducing scattered radiation during 
radiographic exposures, is by the use of a grid, 
of a design such as that marketed under the 
name of Potter-bucky. There is no doubt that 
the introduction of a grid of this description 
removes a large amount of scattered rays which 
do not travel in planes parallel to those of the 
grid itself and therefore the resultant radio
graphs will be improved considerably.

The main objections to the use of a grid are 
the faęt that tfie object must be raised from 
the film to allow the grid to pass between, and 
also the fact that difficulties of handling are 
increased.

A fourth method of reducing the effect of 
scatter, which has been used successfully in the 
author’s laboratory, is embodying the use of 
intensifying screens. As has been  ̂seen from 
experiments carried out with intensifying 
screens detailed earlier in this paper, the 
screens which were used were far more sensitive 
to X-rays generated at 160 kv. than to any other 
rays. This indicates that they are relatively 
insensitive to rays of long wavelength.

We have seen from an analysis of the scat
tered radiations that the majority of the rays 
are of a wavelength considerably longer than 
the effective wavelength of rays generated at 
160 kv., and therefore it is reasonable to 
suppose that it is possible to reduce the 
scattered radiation, or rather the effect of the 
scattered radiation, by the straightforward use 
of intensifying screens. This assumption has 
been confirmed by test, similar to those carried 
out with filters, with the small lead blocks. 
The result is shown in Fig. 6.
T h e  E f f e c t  o f  In t e n s if y in g  S cre e n s

The action of the intensifying screens is to 
intensify the effect of the primary rays of short

*  A  c o n s id e ra b le  a m o u n t  of d e f in it io n  h a s  been lost 
in  the  rep ro d u c t io n  of these  a n d  su b se q ue n t ra d io 
graph s.
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wavelength to a much greater extent than the 
effect of those scattered rays of very much 
longer wavelengths. This results in the produc
tion of a density on the radiograph due to the 
primary rays, in a shorter time than would 
have been the case if screens had not, been 
used, whereas the effect of the scattered radia
tions is reduced owing to the shorter time of 
exposure, and the relative insensitivity of the 
intensifying screens to radiations of long wave
lengths.

Here then are four methods of reducing the 
effect of secondary radiation:—

r. The use of a filter on the tube.
2. The use of a filter on the film.
3. The use of a grid.
4. The use of intensifying screens.

None of these four methods interferes with 
each other and therefore all can be incorporated 
in one technique, giving possibly the maximum 
protection for the photographic emulsion against 
scattered radiation.

This combination was tried, and results 
showed that when all four methods were com-

These are that the grain-size of the screen, 
which governs the quality of the radiographic 
image, is relatively large in comparison with the 
dimensions of the defects being sought, and also 
that as exposures for light alloys are short at 
any rate a reduction in exposure time is usually 
unnecessary as far as practical working ability 
is concerned, and the incorporation of an 
intensifying screen technique tends to make 
exposures too short to be made with accuracy 
unless counter-measures are applied.

Now it is not suggested that the method, as 
detailed, be used for thin sections of aluminium 
alloy, but it has been found that for thick
nesses over and above 1 in. 110 interference is 
produced due to grain-size and with thicker 
sections of 3 ins. or more better sensitivity is 
obtained when screens are used.

From the experiments it has been found that, 
as is illustrated by the radiographic reproduc
tions the radiologist is liable to be grossly
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bined there was no visible difference with regard 
to definition of the lead square from the method 
when the grid was not used. This showed that 
very little photographic density was due to 
scatter on the radiograph that was taken with 
the divided filter, together with intensifying 
screens.

It was therefore- decided that the introduction 
of the grid was an unnecessary addition, and 
a very cumbersome one at that, to the radio- 
graphic technique, and it was accepted that 
the best method was a combination of the 
filtration on the tube and on the film and the 
film itself placed between intensifying screens.

The result of this can be seen in Fig. 7, where 
“ D ” was taken as before with the divided 
filter and ”  G "  under the same conditions, 
except for the fact that the film was placed 
between intensifying screens.

Under these conditions, then, we have a well- 
defined lead square showing that at any rate 
much of the scatter has been made ineffective. 
A method has therefore been established, com
bining three independent methods of producing 
a radiograph with as little fogging , due to 
scatter as has been obtained. Now there are 
objections, in certain cases, to the use of 
intensifying screens in light-alloy radiography.

misled by thinking that just because a con
siderable photographic density has been pro
duced on the film the subject has been pene
trated and that, owing to the fact that the 
density is even, there are no incongruities in the 
specimen. As has been stated previously, this 
may be far from the truth as sometimes almost 
the whole of this photographic density is due 
to scattered radiation either from the specimen 
itself or from its surroundings.
S e n s itiv ity  of F a u lt  D etection  

So far, then, a fairly satisfactory method has 
been obtained of reducing the density of the 
radiograph due to scatter. The question imme
diately following this is whether or not, even 
though the scatter has been reduced to a 
minimum, a reasonable degree of sensitivity is 
being obtained. Most people accept the resolu
tion of a defect, equivalent in thickness to 
1 per cent, of the total specimen thickness, to 
be a satisfactory standard to maintain, and 
although this figure can probably be dropped 
to 0.5 per cent, under abnormal conditions it 
has been shown that unless a very strict watch 
is kept on the radiographic techniques 
employed, it is possible, and in fact quite 
probable, that the resolution of defects is more 
in the region of 5 to 6 per cent, in many
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instances where large castings are being 
examined;

The degree of sensitivity of fault detection 
is dependent on at least eight factors:—

1. The effective target area of the tube.
2. The kilovoltage applied to the tube.
3. The object-tube distance.
4. The object-film distance.
5. The nature of the film being used.
6. The amount of filtration.

and, if relatively thin sections are being 
examined:—

7. Grain-size of the film.
S. Grain-size of the intensifying screens, 

if used.
Dealing with these factors independently, it 

is known that the effective target area of the 
tube is constant for any one X-ray generator 
and therefore can be neglected in this 
discussion. The kilovoltage applied across the 
tube, however, is most important, as the higher 
the voltage applied the 
less radiographic contrast 
is obtained, hence caus
ing considerable reduction 
in sensitivity, as this 
latter is directly reliant 
u p o n  the interpreter 
being able to discern 
different densities on the 
film. A good general rule 
seems to be: "  That the 
minimum voltage required 
for penetration of the 
thickest areas of the 
specimen should be used 
if maximum sensitivity is 
to be obtained."

As for the object-tube 
distance, this should be 
as great as is consistent 
with practicable exposure 
times, for it is obvious 
that if the target is of 
finite size, the nearer the 
object is to the tube the 
greater will be the penum
bra effect on the radio
graph, giving an unsharp appearance. Similarly, 
for simple geometric reasons, the object-film 
distance should be made as small as possible, 
for if this is not the case the same effects as 
would be obtained with a short object-tube 
distance would be experienced.

By nature of the film employed, the contrast 
or "  gamma "  and the latitude are indicated; 
for it is essential that all sections of the radio
graph, in order to be interpretable, must be 
within the normal exposure range of the film.

As has been mentioned before, one of the 
disadvantages of the use of filters of any 
description is the effect they have on the 
radiographic contrast. This effect can be split 
into two independent items: First, filters have 
the effect of cutting down the intensities of the 
softer rays more so than the hard rays—but 
although rays of short wavelength do most of 
the work of image formation the longer wave
length rays, if they penetrate the specimen, as 
some are bound to do, also do a certain amount 
of work towards making the image, thereby 
having the effect of making the image more 
contrasty than would have been the case had

filtration been imposed. Secondly, filters, 
wherever they may be placed, relative to the 
object and the tube, are the equivalent of 
making the object itself of greater thickness, 
thus decreasing the ratio between defect size 
and specimen thickness. This is probably 
illustrated best by a numerical example:—

We will say, for instance, that an object of 
aluminium alloy of 2-in. thickness is being 
examined. Assuming the sensitivity to be 
2 per cent., a defect of 0.040-in. diameter will 
be detected. If, now, a filter of 0.040-in. copper 
sheet is placed between the object and the film, 
it is obvious that the effective thickness is 
increased. By how much it is increased can 
be estimated as follows:—Let us assume that 
the specimen was being radiographed with rays 
generated at 120 kV. It has been found by 
experiment that the effective wavelength of thiso
beam is about 0.16 A, and so the absorption
coefficients can be obtained from tables for both

copper and aluminium. 
This was done and the
mass absorption coeffi
cients at this wavelength 
were 0.94 and 0.215 for
copper and aluminium 
respectively.

As the intensity varies 
according to the formula 

-ux
I =  I e 
x o

where
I =  Intensity after 
x passing through 

thickness x.
= Intensity at same 

o spot had there 
been no speci
men.

u =  Linear absorption 
Coefficient.

We see, therefore, that 
any change in effective 
thickness will be propor
tional to the relative 
values of the linear 

absorption coefficients of the two materials. 
Now the linear absorption coefficient is the 
product of the .Mass Absorption coefficient and 
the density p of the material.

The linear values of the coefficients then 
become 0.94 x 8.95 for copper and 0.215 x 2.8 
for the aluminium alloy, or 8.4 and 0.6 
respectively.

The effective thickness of the specimen then 
becomes:—

^ , L in e a r  a b so rp tio n  coeffic ien t of c o p p e r
2 -r 0.04 X  —    : r= --.— — -7— j —  m s .

L in e a r  a b so rp t io n  coefficient ot a lu m in iu m

o r  2 +  0.040 x - M - i n j .U.o
o r  2.56 ins.

Now 2 per cent, of 2.56 is 0.0512 in. and this 
expressed as a percentage of the actual thick
ness of 2 ins. is 2.56 per cent.

This means that with the introduction of a
0.04-in. copper filter the sensitivity drops to 
just over 2-t per cent, as against 2 per cent, 
without the filter. This calculation naturally 
neglects the gain in sensitivity due to elimina
tion of scatter.

Fig . 10.— R ep ro d u c tio n  of ra d io g ra p h s  o f s tep  
b lo ck . L eft, h ig h  kV  ; r ig h t, low kV. M ach in ed  
slo ts  a re  fairly  easily  v isib le  o n  th e  rep ro d u c tio n  

of th e  rad io g rap h  ta k e n  a t  low  kV.
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The last two factors upon which the degree 
of sensitivity depends are the grain-size of 
either the film or the intensifying screens if 
they are used. These two items only enter 
into the problem when the defect or incongruity 
to be resolved is of the same dimensional order 
as the grain-size. This only occurs when 
specimens of a thin cross-section are being 
examined.

To test the efficiency of the suggested radio- 
graphic technique in practice two step blocks 
of the same alloy were taken. They had 
machined surfaces and were such that one block 
covered the range i in. to 3 ins. by steps of 
\ in. up to 1 in., and ¿-in. steps up to 3 ins. 
The second block was machined in steps of 
1 in. from 3! ins. to 6 ins., thus giving a com
prehensive range of thickness from which to 
carry out any test. In order to find approxi
mately the sensitivity that was being obtained, 
slots were milled, on top and underneath, each 
step representing thicknesses of 2 per cent.,
1 per cent, and £ per cent, of the thickness of
the step in which they were cut.

These step blocks are shown in diagrammatic 
form in Figs. 8 and 9.

Slots were milled on each side of the step 
block so that those cut from the flat side of the 
block, i.e., those which would be almost in
contact with the film, would give the greatest 
definition, and therefore the greatest sensitivity, 
and those from the top side would be in the 
worst position possible to obtain resolution.

In this way both the best and the worst 
possibilities of sensitivity were found.

Comparisons were again made between the 
various radiographic techniques, and these 
radiographs repeat the confirmation that the 
intensifying screen method gives the best results 
when thicker sections are being examined. Of 
course a milled slot is hardly representative of 
all defects, for it is very unlikely that a defect 
will have clearly defined edges, such as a slot. 
Defects such as blowholes are usually roughly 
spherical and therefore the density on the 
radiograph due to this type of defect usually 
blends into the general density and is not a 
direct change from one to another as is the case 
with the slot. However, as the A per cent, 
slots showed on all steps it is considered fairly 
certain that any defect of the order of 2 per 
cent, of the total thickness would be resolvable.

In order to stress the importance of keeping 
the voltage as low as possible, further radio
graphs were taken at low and high voltages, to 
compare the variation in sensitivity. These 
radiographs, reproduced in Fig. 10, confirm 
without doubt that as low a voltage as possible 
for penetration should be used.

During this paper it has been assumed that 
specimens of relatively even thicknesses are 
being radiographed. This is frequently not the 
case, and so many of the suggested practices 
have to be modified to suit individual instances. 
It should be remembered that all the previous 
radiographs were taken to produce the greatest 
sensitivity in any particular area and thickness, 
and where two. considerably different thicknesses 
are being examined in one radiograph several 
difficulties may be experienced.
General R a d io g ra p h ic  C o n d itio n s

These difficulties are brought about because 
conditions which are well suited to one par

ticular thickness may not be at all suitable for 
another area of the specimen. Say, for 
example, that a casting of aluminium is being 
examined which is made up of one section of 
Ą in. in thickness and another of 2 ins. It is 
obvious that if the minimum voltage; required 
to penetrate the ¿-in. section is applied, the 
2-in. section will not be penetrated. Conversely 
it is true that if the best voltage for the 2-in. 
section is used the ¿-in. section will appear 
completely blacked out on the radiograph. It 
is therefore necessary to take two independent 
radiographs or to modify the technique to 
reduce the contrast of the radiograph. 
Naturally the first of these alternatives will 
give the most satisfactory results as far as 
sensitivity is concerned, but there will be very 
few laboratories to-day which can afford to 
take two or three, or even more radiographs to 
each casting being examined, for more often 
than not they are of uneven cross-section. 
Therefore steps are frequently taken to modify 
the technique. As this always means a method 
whereby a reduction in contrast is obtained, 
the same degree of sensitivity cannot be 
expected that is recorded with even sections. 
It is therefore necessary to find the happy 
medium between the two contlicting conditions.

There are several methods of reducing the 
contrast on the radiograph and it must be left 
to those actually dealing with particular 
specimens to find for themselves-the most suit
able method of doing this.

The contrast may be reduced by one or a 
combination of the following methods:—

1. An increase in the kilovoltage applied 
across the tube.

2. The addition of a suitable filter either 
on the tube or film.

3. The building up of the thinner sections 
of the specimen with a dense material, in 
suitable proportions to produce an even 
density on the radiograph.

4. The choice of a less contrasty film.
5. The use of a single-coated film or the 

stripping of one coating off a double-coated 
film, or if screens are being used the use 
of one screen only—preferably the back one.

6. The modification of the developing 
solution, either by actual formula or con
centration.

7. The making of a double exposure on 
one film by masking off, with thick sheet 
lead, the thinner sections of the specimen 
for periods necessary to equalize the final 
densities.

This last method is only applicable where 
specimens have variations in thickness, such as 
lugs, which can be covered with lead sheet 
without interference with the remainder of the 
specimen. As this method is in fact equivalent 
to making two exposures on separate films, it 
is suggested that it should be employed when
ever possible, to obtain maximum sensitivity.

A ck n o w le d g m e n t.—In  end ing  th is  pap_‘r  th e  au th o r 
wishes to  express his g ra titu d e  to th e  N orthern  A lu
m inium  C o . L td .. for allow ing th e  use of th e ir  
ap p a ra tu s , th e  V icto r X-Ray C orporation  for m aking 
th e  te s ts  w ith th e  grid  and  th e  ionization  cham ber 
possible, and also to M essrs. K odak. L td .. for th e ir  
help in ca lib ra tin g  th e  o rig inal density  s tr ip  also to 
Mr. A. B. Capes, w ith o u t whose u n tir in g  efforts the  
experim ents m ig h t never have been com pleted.
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Precipitation from 
Supersaturated Solid Solutions

/ 2 4 6 10 20 406090

which Refers 
to the Age-

ro1 to* to4 to*
Time m M inutes o t Room Temp.

Fig. 41 (above). — Hardness-time carves for 
alloys of aluminium and copper from 4.5 per 
cent, to 10 per cent.,’ quenched in boiling 

water and aged at room temperature.147

Fig. 42 (right). — Hardness-time curves lor 
alloys of aluminium containing 4.5 per cent, 
of copper with iron contents from 0.15 per 
cent, to 1.05 per cent., quenched in boiling 

water and aged at room temperature.147
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H. K. HARDY, M.Sc., A.R.S.M.
(Research and Development Dept., 
Northern Aluminium Co., Ltd.)

RATE OF PRECIPITATION AND EFFECT 
OF VARIOUS FACTORS ON THIS RATE 
AND ON THE MAGNITUDE OF PROPERTY 

CHANGES

The Rate of Precipitation. The rate of pre
cipitation depends on the rate of formation of 
nuclei and on the rate of growth of these 
nuclei. No formal analyses have been made of 
these factors in agehardening alloys, although 
a start may be said to have been made by 
Johnson and Mehl144 by mathematical analysis 
of the isothermal decomposition of austenite 
into pearlite. The determination of an exact 
quantitative method of evaluating the rate of 
precipitation is difficult owing to the complexi
ties of the process; for instance, several different 
types of precipitation may be recognized. Most 
of the experiments that have been made are 
qualitative only, since it is necessary to 
measure the change in some property that bears

This Survey,
"Particularly  
hardening o f A lu m in iu m  
Alloys, is Concluded from  
Page 349 o f “ Tight Metals’-' 

fo r  July. References are to 
the Complete Bibliography 
Contained on Pages 34p, 330, 
and 3Ji o f that Issue, which 
also Includes Figs. 1—40

1 2  4 6 10 20 406090

10J 103 10'  ¡0*
Tim e in  M in ot Room Temp.

a direct relation to the quantity of precipitate, 
and the . relation of most properties to the 
quantity of precipitate is known only in general 
terms.

Attempts have been made to measure the 
amount of precipitate directly by microscopic 
methods; for instance, a micro-planimetric 
method has been employed to plot the change 
with time in the relative area in which decom
position had and had not occurred in a 
specimen during discontinuous precipitation in 
Cu-Ag alloys.
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In all except the most extreme cases it may 
be anticipated that the rate, of precipitation 
starts relatively slowly, reaches a maximum 
value, and then decreases as the stable (or 
meta-stable) structure of the alloy, under the 
operative conditions, is approached. In cases 
where the property under investigation changes 
continuously towards a steady value, e.g., the 
hardness change in aluminium alloys during 
natural ageing, the slope of the property-time 
curve may be used to indicate the rate of pre
cipitation. This slope tends to be small 
initially (during the incubation period), reaches 
a maximum and then decreases slowly to a 
small value. (See Figs. 16, 17, 41 and 42.) 
Measurements of the maximum slope of similar 
property-time curves have been used to indi
cate the rate of precipitation under different 
ageing conditions. The time required to attain 
half the property change has also been used'?3 
However, the property under investigation may 
pass through a maximum or minimum during 
ageing, and in such cases the measurement of 
the slope of the property-time curve gives little 
indication of the rates of precipitation involved. 
In such cases the time required to attain the 
maximum value may be used as an indication 
of the rate of precipitation. The above methods 
are qualitative only and may be employed only 
as long as this limitation is borne in mind.

The Incubation Period. After solution heat- 
treating and quenching an alloy so that it is 
supersaturated, the solute atoms in naturally 
ageing alloys may start their process of precipi
tation immediately after the quench, or there 
may be a short period after quenching before 
the first property changes can be detected. 
Alloys that do not age at room-temperature 
may also require a certain period of time at 
the ageing temperature before property changes 
can be detected. The time between the quench 
and the first change in properties is termed the 
incubation period.

, / B 4 6 ¡0 BO 406090

Time in Min. e t Room Temo.

Fig. 43.—Hardness-time curves for alloys of 
aluminium and copper from 4.5 per cent, to 
10 per cent., quenched in water at room 
temperature and aged at room temperature.147

» JSU4.S%Cu ; * Ah4.5%Cu*Q.90Fe

Time in Mm at Room Temp.

Fig. 44.—Hardness-time curves for alloys of 
aluminium, 4.5 per cent, copper and iron 
contents from 0.15 per cent, to 1.05 per cent., 
quenched in water at room temperature and 

aged at room temperature.147

An incubation period of more than a few 
minutes has been found in Al-Cu alloys,134 
Cu-Be alloys,40 and in duralumin.40* 30, 53,65 
According to Jeffries (discussion of 30) the pro
perty measured, say tensile strength, does not 
always remain constant during the incubation 
period, but often falls prior to the rise due to 
ageing. Arrowsmith, Wolfe and Murray20? have 
reported a similar effect in quenched duralumin 
sheet on ageing at different temperatures. 
Jeffries found that the incubation period and 
the increase in ductility were prevented if the 
alloy was given a slight deformation imme
diately after quenching.

As far as the writer is aware an increase in 
ductility a short time after quenching has not 
been generally noted in other than aluminium 
base alloys, although Sykes14' A found that some 
Fe-W and Fe-Mo alloys gave an initial decrease 
in hardness 011 ageing.

In the case of duralumin, Burns05 has sug
gested that when an incubation period is present 
the solute has been retained in its entirety 
during quenching. Ilartnagel134 suggested for 
Al-Cu alloys that the incubation period was 
shorter the smaller the internal stresses.

F r a e n k e l53 examined the effect of a large 
number of factors on the incubation period of 
duralumin, these included the following:— 
Origin of alloy, composition, size of the test 
piece, time of solution heat-treatment, variation 
in grain size. Unfortunately the results were 
inconclusive, and it was impossible to show why 
one material possessed an incubation period and 
another did not. It appeared that incubation 
was the result of several causes since samples 
having the same composition behaved differently.

Incubation periods tend to be eliminated by 
an increase in the degree of supersaturation. 
(See Fig. 22.) Mehl and Tetter152 consider that 
the incubation period is' probably in part at 
least a pure rate effect, but Fraenkel’s work 
shows that the rate is influenced by a number 
of factors.

The Effect of the Degree of Supcrsaturation.
All investigators agree that increase in the 
degree of supersaturation increases the rate of 
isothermal precipitation. Fig. 22 shows the 
effect of Be content in Cu-Be alloys,18 similar
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effects have been found in Al-Mg2Si alloys,8 
Ag-Cu alloys,21 and Al-Cu alloys.5* 36* 145- 146> 
147, 59 The effect of the degree of supersatura
tion on the magnitude of the property changes 
in Al-Cu alloys may be estimated from Fig. 23.

It has sometimes been noted that the total 
increase in certain properties due to ageharden- 
ing decreases when the solute is present beyond 
the maximum amount that can be taken into 
solid solution.21 (See Figs. 48 and 23; compare 
the curves showing yield strength "  as 
quenched ”  (" O ") and artificially aged
(" T ” ).)

Mehl and Jetter152 have pointed out that the 
rate of precipitation is more rapid in low melt
ing point systems (Pb-Sb, Al-Cu) than in high 
melting point systems (Cu-Be, Fe-W) and that 
the same differences are found when the rates 
of recrystallization and rates of diffusion are 
compared.200 These rates are interdependent 
and are a function of the atomic mobility, which 
is greater nearer the melting point. The pheno
menon is complex and not fully understood.

The Effect of Different Ageing Temperatures.
Like all chemical reactions, the isothermal rate 

of precipitation from supersaturated solid solu
tions is much influenced by the temperature at 
which it takes place. Gayler and Preston10 
reported that the rate of agehardeiting increased 
rapidly as the ageing temperature was raised. 
Dix jr .32 investigated the question from the 
point of view of deliberately retarding the 
ageing process in quenched duralumin by 
storing at low temperatures. He reported that 
the ageing could be retarded for at least 24 hours 
by storing at o degree C., and that the ageing 
process proceeded normally on raising to room 
temperature. More recently Arrowsmith and 
Wolfe165 have examined the use of refrigeration 
for delaying the ageing of duralumin sheet. 
They found that at a temperature of - n  degrees 
C. the increase in hardness would take weeks to 
become serious enough to interfere with forming 
operations.

The first portions of the ageing curves 
obtained at different temperatures are very 
similar to those given with different degrees of 
supersaturation. At low temperatures the incu
bation period is much prolonged, and even when 
the rise in hardness starts the rate is much less 
rapid than at higher temperatures.

Jenkins and Bucknall71 were the first to show 
a relation between the ageing temperature and 
the time taken to attain maximum hardness. 
When the logarithm of this time was plotted 
against the reciprocal of the absolute tempera
ture a straight line was obtained. Thus the 
equation connecting these effects is of the form 

t — CeniT
where t is the time to maximum hardness, T 
is the temperature in degrees absolute, m and 
C are constants.

Jenkins and Bucknall were also the first to 
suggest that maximum hardness was reached 
at low ageing temperatures.

The exponential relation was tested by 
Cohen08 on Ag-Cu alloys. His results are given 
in Figs. 24 and 25. Fig. 25 shows that there is 
an exponential relation between the reciprocal 
of the absolute temperature and the logarithm 
of the ageing time in the case of the time to 
the beginning of hardening, the time to attain

half the first hardness peak, the time to the 
first hardness peak, the time to the hardness 
valley, the time to half the maximum hardness, 
and the time to the maximum hardness. These 
points are indicated by arrows-in Fig. 24. The 
last three of these times possess similar relation
ships, they all have the same slope, whereas the 
first three lines do not possess the same slope as 
one another or as the other three lines. Above 
170 degrees C. the primary, effects were swamped 
and could not be detected.

The general view now is that, given sufficient 
time and atomic mobility, the lower the ageing 
temperature the greater will be the final hard
ness in spite of the higher initial rate of harden-

S o lid  Solution C u . C o n ten t.%  
• A l-C u  A lloys o A l-C u -Fe  Alloys

F i r . 45.— H a rd n e s s  increm ent after a ge in g  a lu m in 
iu m -co p p e r and  a lu m in iu m -co p pe r-iron  a llo y s 
of v a ry in g  so lid -so lu t io n  cop p e r concen tra tion  
u n d e r  the fo llow in g  con d it io n s.1-17 A , bo ilin g  
w ater q uench , a ged  7 d a y s  at 150 deg. C.;
B. b o ilin g  water q uench , a ged  10 d a y s  at 
150 deg. C.; C, boilin g  water quench , aged  7 d a y s  
at room  tem perature; D ,  b o ilin g  water quench , 
a ged  10 d a y s  at room  tem perature ; E , co ld  water 
q uench , a ged  6 d a y s  at room  tem perature  ; F , cold  
w ater q uench , aged  10 d a y s  at room  tem perature.

ing with higher ageing temperatures. Figs. 16 
and 17 bring out this point.

Cohen142 found that the exponential relation 
between the attainment of various stages in the 
hardening process and the ageing temperature 
in degrees absolute, held in the case of duralu
min. It must be pointed out that a number of 
investigators have been content To show the 
straight line relation for one of the stages in the 
hardening process and then to draw straight 
lines parallel to this one through only two 
experimental points (or in some cases through 
one point only).
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G a y le r  a n d  P a rk h o u s e 162 o b ta in e d  h a rd n e ss 
tim e  c u rv e s  on  a  h igh  p u r ity  a lu m in iu m  alloy  
co n ta in in g  4 p e r  c e n t. Cu. (See F ig . 18.) T h e y  
used  th e  re su lts  to  c h ec k  th e  e x p o n en tia l re la 
tion . P lo t tin g  th e  lo g a rith m  o f th e  tim e  be tw een  
th e  f irs t m a x im u m  a n d  th e  s ta r t  of th e  in c rease  
in h a rd n e ss  d u e  to  th e  second  m ax im u m  a g a in s t 
i / ° A ,  th e  tim e  to  so ften  10 B rin e ll H a rd n e ss  
U n its  a f te r  th e  second  m ax im u m  a g a in s t i /* A , 
th e  tim e  to  a t t a in  m a x im u m  h a rd n e ss  a g a in s t 
i / ° A  a ll g a v e  s t ra ig h t  lines. (See F ig s . 26, 27 
a n d  28.) A s show n  b y  F ig . 2S no  s t ra ig h t  line  
re la tio n  w as found  be tw een  th e  tim e  to  a t ta in  
th e  firs t h a rd n e ss  p e ak  a n d  i / ° A .  T h e  re la tio n  
b e tw ee n  th e  tim e  ta k e n  to  re ach  m ax im u m  
h a rd n e ss  (second  p eak ) a n d  i / ° A  ho lds only- 
ov e r a  lim ited  ran g e  o f te m p e ra tu re , a lth o u g h  
th e  line  show n  in  F ig . 2S is s tra ig h t o v e r  all 
ag e in g  te m p e ra tu re s  e x am in ed . H o w ev er, a s  i t  
is  possib le  t h a t  th e  second  s tag e  in  th e  ageing  
p ro cess  w ould  n e v er s e t  in below  30 deg rees  C. 
th is  e n d  o f th e  lin e  m u s t  a p p ro a c h  th e  tim e  ax is  
a sy m p to tic a lly .  S im ila r ly , h o ld in g  a t  th e  so lu 
tion  h e a t - t re a tm e n t  te m p e ra tu re  w ill re s u lt in 
110 in crease  in h a rd n ess , so th a t  th e  o th e r  end  
of th e  line  is a lso  a sy m p to tic .

R evers ion  (R e tro g re ss io n ) . Al-Cu a llo y s  a n d  
som e d u ra lu m in - ty p e  a llo y s  h a rd e n  on  ageing  
a t  ro o m -te m p e ra tu re , b u t  if th e  te m p e ra tu re  is 
ra ised  to , s ay , 100 deg rees C ., th e  ag eh a rd e n e d  
alloy'1 so ften s  a f te r  a  s h o r t  tim e  a n d  th e  h a rd 
ness m a y  a p p ro a c h  th a t  of th e  “  a s  q u e n c h e d  "  
a lloy . T h is  p h en o m e n o n  is k n o w n  a s  reversion  
o r  re tro g ress io n , fu r th e r  h e a t in g  a t  th e  e lev a ted  
te m p e ra tu re  leads  to  a n  inc rease  in h a rd n ess .

T h e  effect w as first d isco v e red  by- G ay le r3 in 
1922, w h en  i t  w as re p o rted  th a t  A l-Cu-M g=Si 
a llo y s  show ed  th e  effect, b u t  th a t  A l-M g3Si 
a llo y s  d id  n o t. G a y le r  a n d  P re s to n 36 found  th a t  
A l-Cu-M g, A l-C u-Si, A l-C u-F e a llo y s  a lso
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Fig. 46.—Comparison of published data on room- 
temperature agehardeningof aluminium alloys contain
ing 4 per cent, of copper, together with varying amounts 
of iron. Alloy used by Hunsicker in “ present investiga
tion ” contained 4.5 per cent, copper.147 The effect of 
an addition of 0.05 per cent, magnesium (according to 

Petrov111) is also indicated.

Fig. 47.—Effect of magnesium additions to a wrought 
aluminium-copper alloy containing 5.25 per cent, of 

copper.143

so fte n ed  in itia lly  on  a rtif ic ia l ageing  follow ing 
n a tu ra l  ageing .

M asing  a n d  K o ch 52 found  th e  effect in C u-B e 
a llo y s  a n d  in  d u ra lu m in , a l th o u g h  th e  effect in 
C u-B e a llo y s  w as n o t very' p ro n o u n c e d . T h e ir  
re su lts  o n  d u ra lu m in  a re  show n  in  F ig s . 33 a n d  
34. S im ila r effects h a v e  a lso  been  re p o rte d  in 
C u-N i, Cu-Si, Cu-A l, a n d  C u-M n a llo y s .166

H a r tn a g e l134 found  t h a t  011 ag e in g  A l-Cu a llo y s  
a t  ro o m -te m p e ra tu re  th e  e le c tr ica l re s is tan ce  
in c reased  in itia lly  to  a  m a x im u m , in a b o u t 
10 h ou rs , a n d  th e n  g radually ' d e c rea sed . O n  
h e a t in g  a ir-coo led  sp ec im en s t h a t  h a d  b een  ag ed  
a t  ro o m -te m p e ra tu re  fo r a b o u t th re e  m in u te s  a t  
215 deg rees  C ., th e  re s is tan ce  c h an g e  w as 
rev e rsed , a n d  th e  alloy' possessed  th e  sam e 
res is tan c e  a s  a f te r  q u e n ch in g . T h is  p rocess w as 
re p e a ted  10 tim es, a n d  in ev ery  case  th e  "  as  
q u e n ch e d  ”  re s is ta n ce  w as o b ta in e d  ex ac tly . 
R ev e r t in g  w a te r -q u e n ch e d  spec im ens p ro d u c e d  
a  low er re s istan ce ’ th a n  th a t  p re s e n t im m e d ia te ly  
a f te r  q u e n ch in g .

D re y e r  a lso  s tu d ie d  th e  p h e n o m e n o n 157 a n d  
found  th a t  h e a tin g  th e  n a tu ra lly  ag ed  alloy' 
so fte n ed  i t  in itia lly , a l th o u g h  p ro lo n g in g  th e  
t re a tm e n t  a t  e le v a te d  te m p e ra tu re  led  to  a n  
in crease  in  h a rd n e ss  d u e  to  n o rm a l a r tif ic ia l 
ag e in g  effects.

A fte r  co ld  ro llin g  th e  n a tu ra lly ' ag ed  a llo y  the  
s o ften in g  t h a t  o c cu rred  on  ag e in g  fo r five 
m in u te s  a t  220 d eg rees  C. w as  lo w er th e  g re a te r  
th e  d e fo rm a tio n  g iv en 157 (see F ig . 35), th e  
a m o u n t of re -h a rd e n in g  t h a t  took  p lace  on 
s ta n d in g  a t  ro o m -te m p e ra tu re  w as a lso  re d u ced . 
H ow ever, B re n n e r  a n d  K o s tro n 108 fo u n d  th a t  
th e  in itia l d ecrease  in p ro o f s tre ss  on  a r tif ic ia l 
ageing  w as g re a te r  th e  g re a te r  th e  a m o u n t th e  
n a tu ra lly  ag ed  alloy- (d u ra lu m in ) h a d  b een  co ld  
ro lled . T h ese  re su lts  a re  n o t necessarily- in
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Fig. 48.—Changes in length of 
specimens of aluminium-copper 
alloys during ageing at room 

temperature.6

Time, hours

h a rd n e ss  on  s ta n d in g  a t  room  te m p e ra tu re . 
F ig . 30 show s t h a t  th e  speed  o f ageing  follow ing 
d e fo rm a tio n  im m e d ia te ly  a f te r  q u e n ch in g  is 
g re a te r  th e  g re a te r  th e  d e fo rm a tio n .

E lec tr ic a l re s is ta n ce  m e a su re m e n ts  show  th e  
sam e  effec t,34 th é  in c rea se  in re s is ta n ce  on 
ageing  is low er, b u t  th e  ra te  of inc rease  is 
g re a te r  th e  g re a te r  th e  d e fo rm a tio n  g iven  to  th e  
q u e n c h e d  a llo y . (See F ig . 31.) T h e  increase  
in re s is ta n ce  v a rie s  d ire c tly  w ith  th e  a m o u n t 
o f s tre tc h in g .

S im ila r  effects h a v e  b e en  ob serv ed  in nickel- 
b ro n ze  a llo y s .63 (See F ig . 32.) A fte r  cold 
ro llin g  th e  m ax im u m  h a rd n e ss  is o b ta in e d  m ore 
ra p id ly  on ag e in g  an d  is g re a te r  th a n  in  th e  
u n d e fo rm ed  alloys.

T h e  p h en o m en o n  of s tra in  ag e in g  in s tee ls  is 
w ell k n o w n ,143 a l th o u g h  it is b ey o n d  th e  scope 
o f th is  d is se r ta tio n  to  d iscu ss  i t  fu lly . I t  is 
b u t  an  ex ag g e ra ted  ex am p le  of th e  effect in 
w h ich  d e fo rm a tio n  is n ecessa ry  to  m a k e  th e  ra te  
of ag e in g  ra p id  en ough  to  be  d e te c ta b le .  A  
so m ew h a t s im ila r  p h en o m en o n  is found  in 
C u-Sn alloys. B y  d ra s tic  co ld  w o rk in g  followed 
b y  lo n g -a n n e a lin g  H aase  a n d  P a w le k 154 show ed 
t h a t  th e  so lu b ility  o f tin  in co p p er d ecreases  
co n sid e ra b ly  w ith  d ec rea s in g  te m p e ra tu re  below  
520 deg rees  C. M ost in v e s tig a to rs  h a v e  in d ic a te d  
th a t  th e  so lu b ility  d ecreases  o n ly  s lig h tly  from  
th is  te m p e ra tu re  ( th a t  of th e  e u te c to id ) , 
b ecau se  th e  ch an g e  is e x tre m e ly  s lugg ish  u n d er 
n o rm al ageing  co n d itio n s .

H a rr in g to n 149- 106 h a s  c la im ed  to  show  th a t  
s p lit  ag e in g  (i.e ., ageing  in tw o  s e p a ra te  p e riods  
w ith  a n  in te rm e d ia te  cooling) is m ore  effective  
in p ro d u c in g  h a rd e n in g  th a n  one single  ageing  
t re a tm e n t  of th e  sam e  to ta l le n g th . T h is  is 
a sc rib e d  to  th e rm a l stre sses  se t u p  in cooling  
a f te r  th e  firs t ag e in g  tre a tm e n t.  A lth o u g h  th e

Time, hours

Fig. 49.—Changes in length of specimens of alummiurr-.opper-magnesium alloys during ageing at room temperature.6

o p p o s itio n  to  one a n o th e r , since th e  h a rd n ess  
ch an g e s  d o  n o t necessa rily  follow  th e  ch an g es  in 
p ro o f s tress .- F 'raen k e l34 found  th a t  th e  a m o u n t 
of so fte n in g  th a t  o ccu rred  on  ag e in g  a  cold 
w orked  A l-Cu-Si a llo y  a t  ■”130 d eg rees  G. w as 
g re a te r  th e  g re a te r  th e  a m o u n t of d e fo rm a tio n  
g iven , no  rev e rs io n  w as show n  b y  th e  
u ndefo rm ed  a llo y  (see F ig . 36) w h ich  h a d  n o t 
been  ag ed  a t  room  te m p e ra tu re .

P re s to n ’s re su lts  on  th e  X -ra y  d iffrac tio n  
in v e s tig a tio n  o f reversion  h a v e  been g iv e n ; 
re le v a n t in fo rm a tio n  a s  to  s tru c tu ra l  a lte ra tio n s  
d u r in g  reve rs ion  is a lso  g iven  b y  th e  m easu re 
m e n t of ch an g es  in th e  a p p a r e n t  in s ta n ta n e o u s  
specific  h $ a t on h e a tin g  n a tu ra lly  a ged  a lloys.

T h e  E ffect o f P la s tic  D e fo rm atio n . D a ta  on 
th e  e ffect of d e fo rm a tio n  on th e  ra te  o f p re c ip i
ta t io n  a re  v o lu m in o u s , a n d  th e  re su lts  of th e  
d iffe ren t in v e s tig a to rs  a re  in good ag re em e n t on 
th e  s a lien t p o in ts . W ilm 1 s ta te d  t h a t  th e  
m ax im u m  o b ta in a b le  h a rd n ess  w as a t ta in e d  by  
cold w ork in g  th e  a ged  a llo y  r a th e r  th a n  by  
d e fo rm a tio n  im m e d ia te ly  a f te r  q u en ch in g . T h e  
a lu m in iu m  b ase  a llo y s  h a v e  b een  s tu d ie d  m ost 
c o m p le te ly , b y  F ra e n k e l,34 T eed ,82 B u n g a rd t,107 
B re n n e r  a n d  K o s tro n ,198 L in d sa y  a n d  N o rto n ,143 
K o s tro n ,188 M eissner,44 a n d  J a c k m a n 197 am o n g  
o th e rs . T h e  re su lts  a re  su m m e d  up  in F ig . 20, 
w here  th e  effect of cold  s tre tc h in g  b o th  th e  
q u e n c h e d  a n d  n a tu ra lly  aged  a llo y  is show n. 
S tre tc h in g  im m e d ia te ly  a f te r  q u e n ch in g  increases  
th e  h a rd n e ss  th e  g re a te r  th e  d e fo rm a tio n  g iv en ; 
th e  in c rease  in  h a rd n e ss  a f te r  th is  p rocess (by  
ageing ) is low er th e  g re a te r  th e  a m o u n t of 
d e fo rm a tio n  a p p lied , a lth o u g h  th e  final h a rd n e ss  
m a y  exceed  t h a t  o f th e  u n d efo rm ed  alloy . 
W o rk in g  a f te r  ag e in g  g ives th e  g re a te s t h a rd n e ss  
of w h ich  th e  a llo y  is c a p a b le ; a f te r  th is  t r e a t
m e n t th e re  is a  fu r th e r  v e ry  s lig h t rise  in
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a u th o r  b u ild s  up  a  co n sid e rab le  a m o u n t of 
in fo rm a tio n  to  a t te m p t  to  p ro v e  his p o in t  he  
g ives v e ry  few  d e ta ils  o f h is  e x p e r im e n ta l te c h 
n iq u e  to  a s s is t th e  c o rre c t a sse ssm en t o f h is  
re su lts .

N o  in c u b a tio n  period  is found  in a llo y s  th a t  
h a v e  been  s lig h tly  s tra in e d .30 K o s tro n 135 has 
n o te d  t h a t  th e  ag e in g  c u rv e s  o f a  d u ra lu m in  
w ere m u c h  sm o o th e r in  sp ec im en s th a t  h a d  been 
s tra in e d  s lig h tly  th a n  in  u n d efo rm ed  te s t  p ieces.

Som e cold  w o rk ed  b rasses  show  a  s lig h t 
h a rd e n in g  on a n n e a lin g ,195- 209 th is  o ccu rs  in  th e  
region  of th e  re c ry s ta lliz a tio n  d ia g ra m  w here  
rec o v ery  n o rm a lly  ta k e s  p lace  p r io r  to  a c tu a l  
re c ry s ta lliza tio n .*  I t  is  n o t c le a r  w h e th e r  th is  
effect is d u e  to  a c tu a l  p re c ip ita tio n  o f a  second 
p h a se  o r b ro u g h t a b o u t b y  th e  p resen ce  o f th e  
c ry s ta l nuclei, t h a t  la te r  grow  in to  th e  
re c ry s ta lliz e d  g ra in s . T h e  la t te r  su ggestion  h a s  
been  p u t  fo rw ard  b y  M ad d ig a n  a n d  B lan k  (dis-

oi i 10 m  looo
Ageing time, Hours at 30 °C

Fi«. 50. Dilatation of aluminium-copper-magnesium 
alloys during ageing at 30 deg. C.ł4,> A, aluminium 
with 4 per cent, copper and 1.5 per cent, magnesium;
B. 4 per cent, copper and I per cent, magnesium; C, 
aluminium with 4 per cent.'copper and 0.5 per cent, 
magnesium; D, aluminium with 4 per cent, copper and 
0.25 per cent, magnesium; E, 4 percent, copper and

0.1 per cent, magnesium.

cussion  of 195) ; m ore  fu n d a m e n ta l  w ork  is 
re q u ire d  on  th is  s u b je c t b efo re  e i th e r  of th ese  
v iew s can  be  acc e p te d .

T h e  E ffect o f H ig h  H y d ro s ta tic  P ressu re . 
V an W e r t / 4 T a m m a n n  an d  H a r tm a n n 96 a n d  
Se lissk iy  a n d  K uzn ezo v 116 h a v e  s tu d ie d  th e  effect 
o f h igh  h y d ro s ta tic  p ressu re  on  th e  p rocess of 
a g eh a rd en in g . All th e  in v e s tig a to rs  found  th e  
ag e in g  to  be  re ta rd e d  a t  room  te m p e ra tu re ,  a n d  
a t  150 deg rees  C .116 H o w ev er, th e  final h a rd 
ness w as th e  sa in e  a s  t h a t  o b ta in e d  u n d e r  n o rm al 
c o n d itio n s . T h ese  re su lts  w ere  a t t r ib u te d  to  a  
red u c tio n  in th e  ra te  o f d iffu sion  b ecau se  o f th e  
im p ed ed  m o tion  of th e  a to m s  in  th e  la ttic e .

* S im ila r  r e s u l ts  h a v e  now  b een  r e p o r te d  by 
H a r r in g to n  e t  ,J* o n  p h o sp h o r-b ro n z e  a n d
I  p e r  c e n t,  c a d m iu m  c o p p er.

T h e  E ffect o f th e  P assag e  of a n  E lec tric  
C u rren t. I t  w as  sug g ested  by  A n d rew  a n d  
H a y 11 th a t  th e  a g eh a rd e n in g  of d u ra lu m in  m ig h t 
be  a  co llo ida l p h en o m en o n  a n d , if so, th e  
passag e  of a n  e lec tr ic  c u r re n t th ro u g h  th e  
q u e n c h e d  m a te ria l d u r in g  ag e in g  w ou ld  be  
e x p ec te d  to  a cc e le ra te  th e  p rocess. T w o sam p les  
o f d u ra lu m in  w ere  q u e n ch ed  from  500 d eg rees  C ., 
o ne  w as s u b je c te d  to  a lte rn a tin g  c u rre n t an d  
th e  o th e r  le f t to  age  n a tu ra l ly .  S lig h t d iffer
ences w ere found  a n d  th e se  w ere a t t r ib u te d  to  
th e  a c tio n  o f th e  e lectric  c u rre n t in  h a s te n in g  
th e  coalescence  of th e  co llo ida l p a rtic le s . B y  
co llo ida l p a r t ic le s  th e  a u th o rs  m e a n t sm all 
p a rtic le s  w ith  no  te n d e n cy  to  coalesce, h ig h  
su rface  ten sio n  an d  a n  e lec tr ic  c h arg e . A s 
p o in te d  o u t in  th e  d iscuss ion , i t  is d iff ic u lt to  
im ag in e  how  p a rtic le s  t h a t  a re  "  co llo id a l "  in  
th e  e x a c t sense  of th e  w ord  c an  be p re s e n t in 
so lid  m e ta ls . A lso i t  w ould  be  unw ise  to  a t ta c h  
to o  m u ch  im p o r tan c e  to  th e  re su lts  of one 
e x p e r im e n t of su ch  ’“a  n a tu re . O ne p o in t of 
co n sid e ra b le  in te re s t a ro se  in th e  d iscuss ion , 
i.e ., G a y le r  re p o rte d  th a t  a f te r  p a ss in g  a  h igh  
d ire c t  c u r re n t th ro u g h  a n  A l-M g2Si a llo y  fo r 
tw o  w eeks a t  e le v a te d  te m p e ra tu re  th e  p a rtic le s  
of th e  second  p h a se  w ere s lig h tly  la rg e r  in th e  
sp ec im en  th ro u g h  w h ich  th e  c u r re n t w as  p assed  
th a n  in th e  spec im en  th ro u g h  w h ich  no  c u r re n t 
w as passed , b o th  sp ec im en s b e in g  h e a te d  to  th e  
sam e  te m p e ra tu re .

S eem a n n 159 h a s  c a rrie d  o u t a  more* c o m p le te  
in v e s tig a tio n , sam p les  of d u ra lu m in  s h e e t b e in g  
h e a t- tre a te d  a t  505 d eg rees  C. a n d  q u e n ch e d  in 
w a te r . A lte rn a tin g  a n d  d ire c t  c u rre n ts  w ere 
passed  th ro u g h  som e of th e  spec im ens, o th e r  
sp ec im en s b e in g  le f t to  age  n a tu ra lly .  T h e  
ag e in g  te m p e ra tu re  w as  k e p t  c o n s ta n t a t  
28 deg rees  C ., a ll th e  spec im ens b e in g  ag ed  in 
an  o ilb a th  so t h a t  a n y  effects w ou ld  n o t be  d u e  
to  a  rise  in  te m p e ra tu re  cau sed  b y  th e  e lectric  
c u rre n t. A fte r  ageing , th e  ten sile  s tre n g th  
v a lu e s  an d  h a rd n e ss  v a lu e s  w ere fo u n d  to  be 
id e n tic a l w ith in  th e  lim its  of e x p e r im e n ta l e rro r.

T h e  E ffec t of R o ta tin g  M agnetic  F ie ld s. 
H e rb e r t  c la im ed 2.6- 28- 29 th a t  th e  a p p lic a tio n  of 
r o ta tin g  m a g n e tic  fields to  d u ra lu m in  cau sed  th e  
h a rd n e ss  to  f lu c tu a te , a  fa ll-rise-fa ll b e in g  
o b ta in e d , th e  a m p litu d e  o f th e  c h an g es  a n d  th e  
tim e  req u ired  fo r th e ir  co m p le tio n , d e c rea s in g  
w ith  re p e titio n . H e. su ggested  t h a t  th e  cause  
w as d u e  to  th e  ro ta tin g  m a g n e tic  field g iv in g  
rise to  f lu c tu a tio n s  of a  p e rio d ic  c h a r a c te r  in 
th e  sy s te m  o f e lec tro n s, w h ich  in  tu rn  cau sed  
p e rio d ic  flu c tu a tio n s  in m o le cu la r cohesion .

H o w ev er, M a tu y a m a 39. 33 cou ld  n o t o b ta in  
s im ila r  re su lts , a lth o u g h  h is  e x p e r im e n ta l te c h 
n iq u e  w as  c ritic iz e d  b y  H e rb e r t .  H a rr in g to n 43 
w as u n a b le  to  d e te c t  a n y  c h an g es , a n d  E sse r 
a n d  C o rn e liu s58 h a v e  re p o rte d  t h a t  th e  h a rd n e ss  
figures g iv en  b y  th e  H e rb e r t  p e n d u lu m  h a rd n e ss  
te s te r  w ere s tro n g ly  a ffec ted  b y  ch an g es  in th e  
room  te m p e ra tu re .

E ffec t of G ra in  Size an d  M eth o d  of P r e p a ra 
tio n . I t  is  n ecessa ry  to  co n sid e r th ese  tw o  
effects to g e th e r, since  sp ec im en s  of s im ila r g ra in  
size m a y  be  p re p a re d  by  d iffe ren t m e th o d s  o f 
c a s tin g  o r w ork ing , a l th o u g h  each  of th e se  
d iffe ren t p rocesses n o rm a lly  p ro d u ces  a  m a te r ia l 
of c h a ra c te r is tic  g ra in  size.

A geew , H an sen  a n d  S ach s21 found  th a t  p re 
c ip ita t io n  in  a  re c ry s ta lliz e d  p o ly c ry s ta llin e  
a llo y  o f c o p p e r  c o n ta in in g  10 p e r  c e n t .  A g w as
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co m p le te  a f te r  25 h o u rs  a t  300 deg rees  C., as  
d e te rm in e d  b y  m e a su re m e n ts  of th e  la t t ic e  
c o n s ta n ts , w hile  in a  c a s t  single  c ry s ta l , p re 
c ip ita t io n  h a d  n o t s ta r te d  a f te r  550 h o u rs  a t  
th is  te m p e ra tu re , a n d  w as c o m p le te  o n ly  a f te r  
50 h o u rs  a t  420 d eg rees  C. W iest48 re p o rte d  a  
g re a te r  so lid  s o lu b ility  of s ilv e r in single  c ry s ta ls  
o f co p p e r  th a n  in p o ly c ry s ta llin e  m a te ria l. 
(See F ig . 37.) A lso th e  m ech an ism  of p re c ip i
ta tio n  w as n o t th e  sam e in  th e  tw o  fo rm s of 
m a te r ia l;  in th e  single  c ry s ta l  th e re  w as a  
g ra d u a l c h an g e  from  th e  la t t ic e  p a ra m e te r  of 
th e  q u e n ch e d  a llo y  to  th a t  of th e  ag ed  alloy  
(c o n tin u o u s  p re c ip ita t io n ) ,  w h ils t in th e  p o ly 
c ry s ta llin e  m a te r ia l b o th  la ttic e s  occu rred  
to g e th e r  a n d  v a ried  in  in te n s ity  (d isc o n tin u o u s  
p re c ip ita tio n ) .  T h e  speed  of ag e in g  w as g re a te r  
in  th e  p o ly c ry s ta llin e  th a n  in th e  single  
c ry s ta ls58 a n d  W iest suggested  th a t  th is  cou ld  
b e  e x p la in ed  b y  th e  g re a te r  deg ree  o f s u p e r
s a tu ra t io n  in  th e  p o ly c ry s ta llin e  m a te r ia l. 
H o w ev er, S c h m id  a n d  S iebel4' d id  n o t find th a t  
th e  solid  so lu b ility  of s ilv e r in co p p e r  v a ried  
w ith  th e  g ra in  size, a lth o u g h  W iest and  
D e h lin g e r co n firm ed  th e  p re v io u s  re su lt.55 
W ie st54 re p o rte d  t h a t  single  c ry s ta ls  of Cu-A g 
a llo y s  h a rd e n ed  to  a  g re a te r  deg ree  th a n  p o ly 
c ry s ta ls , w h ich  b ecam e overaged  in th e  tim e 
th e  s ing le  c ry s ta ls  took  to  reach  m ax im u m  
h a rd n e ss .

In  A u-A g alloys, W iest6,1 fou n d  a  d ifference in 
la t t ic e  c o n s ta n ts  b e tw een  c a s t  a n d  rec ry s ta llized  
p o ly c ry s ta llin e  m a te r ia l of th e  sam e  g ra in  size, 
b u t  n o  d ifference  b e tw een  c a s t single  c ry s ta ls  
a n d  c a s t  p o ly  c ry s ta llin e  m a te ria ls .

S o h n c h e n 69 re p o rted  th a t  th e  g ra in  size of 
c a s t  Y  a llo y , L a u ta l  a n d  S ilum in  g am m a 
in fluenced  th e  ageing , th e  in c rease  in h a rd n ess  
on  ag e in g  b e in g  low er th e  la rg e r  th e  c ry s ta l 
size. W o rk ed  d u ra lu m in  show ed  a s im ila r  effect, 
b u t  i t  m u s t be  p o in te d  o u t th a t  i t  is im possib le  
to  ju d g e  how  fa r  th ese  re s u lts  a re  a ffec ted  by  
a  g re a te r  d eg ree  of s u p e rsa tu ra tio n  in  th e  fine
g ra in ed  m a te ria l d u e  to  m ore ra p id  a n d  m ore 
co m p le te  so lu tio n  on  h e a t - t re a tm e n t  of th e  finer 
c o n s ti tu e n ts .

Al-M g, Zn-M g, M g-A l a n d  C u-A l a llo y s  w ere 
re p o rte d  b y  S ch m id  a n d  S iebel47 to  possess a 
la t t ic e  p a ra m e te r  th a t  w as in d e p e n d e n t o f th e  
g ra in  size. C a s t  a llo y s  w ere  used , a n d  no  d iffer
ences  w ere  o b se rv ed  in th e  ra te  of p re c ip ita tio n  
w ith  d ifferences in g ra in  size.

W ie s t a n d  D eh lin g e r68 found  th a t  C u-A g a lloys  
s u b jec te d  to  in c rea sin g  a m o u n ts  of p r io r  
d e fo rm a tio n  show ed  g re a te r  ra te s  of ageing , 
a f te r  la rg e  re d u c tio n s  o n ly  one m ax im u m  w as 
o b ta in e d  on th e  h a rd n ess -tim e  cu rv e s  as  
o p posed  to  tw o  o n  m a te r ia l t h a t  h ad  h a d  sm alle r 
re d u c tio n s . I t  w as  suggested  th a t  th e  cau se  la y  
in th e  deg ree  to  w h ich  th e  d iffe ren t m a te ria ls  
possessed  a  m osaic  s tru c tu re .

B u m m  a n d  D eh lin g e r92 h a v e  show n  a lso  th a t  
p re c ip ita t io n  is m ore  ra p id  in rec ry s ta llized  
p o ly c ry s ta llin e  m a te r ia l th a n  in a  c a s t single 
c ry s ta l . A  con ical dep ress ion  w as m a d e  in a 
c a s t  single  c ry s ta l of a  C u-A g a llo y , a n d  th e  
spec im en  w as  so lu tio n  h e a t- tre a te d  a t  800 deg rees 
C. a n d  ag ed  a t  420 deg rees  C. P re c ip ita tio n  w as 
m u ch  m ore  ra p id  a d ja c e n t to  th e  im pression  
w h e re  re c ry s ta lliz a tio n  h ad  ta k e n  p lace  th a n  
a w a y  from  it.

In  A l-Cu alloys, P h il lip s  an d  B ric k 5'- 51 h a v e  
show n  t h a t  th e  so lid  s o lu b ility  is d e p e n d e n t on

th e  g ra in  size (see F ig . 38), th e  s o lu b ility  b e in g  
g re a te r  in single  th a n  in p o ly c ry s ta llin e  m a te r ia l. 
T h is  w as asc rib ed  to  a low er s o lu b ility  of c o p p e r  
in th e  g ra in  b o u n d a rie s  of th e  p o ly c ry s ta llin e  
m a te r ia l, a n d  th e  suggestion  w as m ad e  th a t  th e  
p resence  o f low  d e n s ity  m a te ria l a d ja c e n t to  
p a rtic le s  o f p re c ip ita te  m ig h t a lso  in fluence th e  
so lu b ility . W asse rm an n 81 considered  th a t  th e  
re su lts  o f P h il lip s  a n d  B rick  (an d  o th e rs ) m ay  
b e  ex p la in ed  b y  q u e n ch in g  stresses, b u t  th is  is 
insu ffic ien t to  e x p la in  a ll th e  effects s a tis fa c 
to rily .

P h illip s, B ric k  a n d  S m ith 73 h a v e  also  rep o rted  
th a t  th e  ra te  of ag e in g  of A l-M g a llo y s  w as 
d e p e n d e n t on  th e  g ra in  size, a s  follow s:—

P e r  c en t. A v . g ra in  T im e  fo r h a lf  th e
Mg. d ia rn . in . re a c tio n  in h ou rs .

5.4 0.001 20
8.4 0.005 45
8.4 0.060 100

D ean  a n d  D a v e y 131 h a v e  fo u n d  th e  g ra in  
b o u n d a rie s  of Zn-Cu a llo y s  to  be  d e p le ted  in 
co pper. T h e y  in te rp re te d  th e ir  re su lts  in  te rm s

Fig. 51.—Electrical resistivity changes in aluminium- 
copper-magnesium alloys during ageing at 31 deg. C.146 
A, aluminium with 4 per cent, copper and 1.5 per cent, 
magnesium : B, aluminium with 4 per cent, copper and 
1 per cent, magnesium; C, aluminium with 4 percent, 
copper and 0.5 per cent, magnesium; D. aluminium 
with 4 per cent, copper and 0.25 per cent, magnesium ;
E, aluminium with 4 per cent, copper and 0.1 per cent, 

magnesium.

of su rface  ten sio n s, c o p p e r w ith  a  h ig h e r su rface  
en erg y  th a n  zinc w ould  te n d  to  se p a ra te  a w ay  
from  th e  g ra in  b o u n d a rie s  to  keep  th e  free 
en erg y  of th e  a llo y  a  m in im u m . C onsidered  
from  th is  p o in t  of v iew  Al-M g a n d  M g-Al a llo y s  
in v e s tig a te d  b y  S ch m id  a n d  S iebe l4'  w o u ld  n o t 
be ex p ec te d  to  show  m ore  th a n  s lig h t v a r ia tio n s  
in so lu b ility  w ith  g ra in  size.

K a rn o p  a n d  S ach s13 re p o rte d  th a t  single 
c ry s ta ls  of a n  a lu m in iu m  a llo y  c o n ta in in g  5 p e r  
c en t. Cu aged  m ore  ra p id ly  a n d  to  a  g re a te r  
deg ree  th a t  p o ly c ry s ta llin e  m a te r ia l. P h illip s  
a n d  B rick 51 su g g es t th a t  th is  is b ecau se  to  
ach iev e  e q u al d eg rees  of s u p e rsa tu ra tio n , w ith 
o u t  w h ich  i t  is d ifficu lt to  co m p a re  th e  ageing  
c h a ra c te r is tic s  of d iffe ren t fo rm s of m a te ria l, 
so lu tio n  h e a t - t re a tm e n t  of th e  single  c ry s ta l a t  
515 deg rees  C. a n d  th e  p o ly c ry s ta llin e  m a te ria l 
a t  540 deg rees  C. w ou ld  be nece ssa ry , a n d  since 
K a rn o p  a n d  S ach s  u sed  a  low er te m p e ra tu re  full 
so lu tio n  w ou ld  n o t be o b ta in e d  in th e ir  p o ly 
c ry s ta llin e  m a te ria l.
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K a to r i11?. a n d  N a k a m u ra* 1® h a v e  s tu d ie d  
th e  effect of d iffe ren t m e c h an ica l tre a tm e n ts  
b efo re  so lu tio n  h e a t - t re a tm e n t  on  th e  p re c ip ita 
tio n  of C u-B e a llo y s  a n d  C u-A g a llo y s  respec
tiv e ly . B o th  in v e s tig a to rs  found  th a t  th e  p r io r  
h is to ry  of th e  a llo y  in fluenced  th e  p ro p e r ty  
ch a n g es  u n d e r  ex am in a tio n . W ro u g h t C u-A g 
a llo y s  of e u te c tic  c o m p o sitio n  u n d erg o  a  c o n 
tra c tio n  on  ag e in g  a t  450 deg rees  C. co m p ared  
to  a n  ex p an s io n  by  c a s t  a llo y s  of th e  sam e 
c o m p o sitio n  aged  a t  th e  sam e  te m p e ra tu re .

G a y le r 113 an ti G a y le r  a n d  P a rk h o u s e 162 found  
th a t  h ig h  p u r ity  a lu m in iu m  b a se  a llo y s  co n 
ta in in g  4 p e r  c en t. Cu had  ageing  c h a ra c te r 
is tic s  w h ich  w ere  m u ch  influenced  by  th e  
m e th o d  of w ork in g  em p lo y ed . T h e  effects w ere 
m o s t n o tic e ab le  in th e  p u re s t  a llo y s , w hich  
co u ld  be h e av ily  cold  w orked  a t  room  te m p e ra 
tu re  w ith o u t a p p re c ia b le  w o rk -h a rd en in g . T h e  
a g e h a rd e n in g  co u ld  be p re v e n te d  by  em p lo y in g

M agnesium , %

*\IR- yk'—Agehardening c apa c i t y  of commercial 
aluminium-copper-magnesium-iron-silicon alloys in 
relationship to magnesium content. 111 I, 4 percent, 
copper; 2, 3 per cent, copper; 3, 2 per cent, copper;
4. 1 per cent, copper. Open triangular mark at 24 
kg. mm.“ refers to results of Gayler and Preston^8 for 

4 per cent, copper alloy free of iron and magnesium.

a n  u n s u ita b le  m e th o d  of w o rk in g  a n d  th e  
m e th o d  of w o rk in g  a c tu a lly  e m p lo y ed  h ad  a  
g re a te r  in fluence  th a n  th e  d eg re e  of w ork ing .

F ro m m e r138 show ed  th a t  th e  0 ' la t t ic e  w as 
tra n s fo rm e d  in to  6 in  R R 56 s h e e t t h a t  h a d  been 
co ld  ro lled  S6.5 p e r  c en t, befo re  so lu tio n  h e a t-  
tre a tm e n t,  w h ereas  som e 6' rem a in e d  in speci
m en s th a t  h a d  been  ro lled  o n ly  6 p e r  c en t, a n d  
th e n  g iven  th e  sam e  h e a t-  a n d  a g e in g -tre a tm e n ts . 
T h e  c ry s ta ls  w ere  la rg e r  in th e  lig h tly  de fo rm ed  
sh ee t th a n  in th e  sp ec im en s h e av ily  de fo rm ed .

T h e re  is a m p le  e v id en ce  th a t  e x tru d e d  a n d  
h e a t- tre a te d  d u ra lu m in  a n d  A l-M g-Si a lloys  
h a v e  h ig h e r tensile  p ro p e rtie s  th a n  th e  sam e  
m a te ria l g iven  s im ila r h e a t- tre a tm e n ts ,  b u t  
p re p a re d  b y  d iffe ren t m e th o d s  o f w ork ing . 
W o rk in g  th e  e x tru d e d  m a te ria l p r io r  to  h e a t-  
tre a tm e n t  a lso  red u ces  th e  p ro p e rtie s  to  those  
of fo rged  m a te r ia l .13b  139, 202. 136, 161, 188. 186. 18;, 
160,46  B o h n er181- 93 h a s  su g g ested  t h a t  A l-Cu-M g 
a n d  Al-M g-Si a llo y s  th a t  h a v e  been  h o t w o rk ed  
o n ly  .g ive  h ig h e r p ro p e rtie s  th a n  m a te r ia l  th a t  
a f te r  h o t w o rk in g  h as  b een  s u b s ta n tia lly  cold 
w o rk ed  before  h e a t- tre a tm e n t.  T h e  o p p o s ite  is

in d ica ted  in  A l-Cu a llo y s , b u t  th e  re su lts  on  
w h ich  th ese  c onclusions  a re  b a se d  a re  n o t co n 
v in c in g . In  v iew  of th e  d ifferences be tw een  
e x tru d e d  d u ra lu m in  a n d  th e  sam e  a llo y  w ork ed  
b y  o th e r  m e th o d s  i t  is  v e ry  u n fo r tu n a te  t h a t  no 
p u b lish ed  in fo rm a tio n  seem s to  be a v a ila b le  on  
th e  ag e in g  c h a ra c te r is tic s  of e x tru d e d  m a te ria l. 
J a p a n e s e  in v e s tig a to rs  h a v e  su ggested  t h a t  th e  
h igh  p ro p e rtie s  of e x tru d e d  m a te r ia l a re  d u e  to  
th e  fa c t th a t  th e  c ry s ta l b o u n d a rie s  in e x tru d e d  
d u ra lu m in  a re  n o t sm o o th  a s  in  fo rg ings, b u t 
s e r ra te d .1®8*

T h e  E ffec t of S m all Q u a n titie s  of A d d itio n a l 
E lem e n ts  on th e  A geing C h a rac te r is tic s  of 
B in a ry  A lloys.—  (1) In tro d u c t io n . T h e  m a jo r 
p o rtio n  o f th e  w ork  t h a t  com es u n d e r  th is  
h e ad in g  h a s  b een  ca rr ie d  o u t  on A l-Cu alloys, 
p a r t ic u la r  a t te n t io n  b e in g  g iven  to  th e  e ffect of 
iron  a n d  m ag n e siu m .

S o h n c h e n "  h a s  su g g ested  t h a t  th e  effect of a 
th ird  e lem en t on  a  b in a ry  sy s te m  is to  s h if t th e  
solid  s o lu b ility  c u rv e  to  e ith e r  h ig h e r o r low er 
c o n c e n tra tio n s  o f so lu te , i t  b e in g  possib le  to  
o b ta in  th e  sam e  deg ree  o f s u p e rsa tu ra tio n  
be tw een  g iv en  te m p e ra tu re s  (in  o th e r  w ords th e  
so lid  s o lu b ility  c u rv e  is sh ifte d  b o d ily  to  th e  
r ig h t o r  le f t  o f th e  e q u ilib riu m  d ia g ra m ). H ow 
ever, th e  effects a re  o ften  m u c h  m ore  com p lex  
th a n  th is  w ould  lead  one to  ex p ec t.

(2) T h e  effect of iron  on: A l-C u a llo y s . T h e re  
is general a g re e m en t th a t  th e  effec t of iron  is to  
red u ce  th e  ra te  a n d  e x te n t  of a g eh a rd e n in g  of 
A l-Cu alloys, b u t  d isag ree m e n t a s  to  th e  m ag n i
tu d e  o f th e  effect cau se d  b y  th e  a d d itio n  of v e ry  
sm all q u a n ti t ie s .

G ay le r a n d  P r e s to n 38 fo u n d  th a t  th e  a d d itio n  
of 0.32 p e r  c en t. F e  to  a n  a lu m in iu m  a llo y  con
ta in in g  4 p e r c en t. C u in h ib ite d  ag e in g  a t  
room  te m p e ra tu re  a n d  d ecreased  th e  m ax im u m  
h a rd n e ss  o b ta in e d  011 ag e in g  a t  200 deg rees  C. 
In  t h e  d iscussion  K e m p f a n d  D e an  suggested  
th a t  a n  A i-C u-F e co m p o u n d  m ig h t be  fo rm ed , 
w h ich  w ou ld  w ith h o ld  th e  co p p e r  from  so lu tio n , 
a n d  in  s u p p o r t  o f th is  th e y  s ta te d  t h a t  th e  
a d d itio n  of 0.5 p e r c e n t. F e  h a d  a  g re a te r  effect 
on a  4 p e r  c en t. C u a llo y  th a n  on  a 5.8 p e r  c en t. 
C u  alloy , a s  in  th e  la t te r  case  th e re  w ou ld  be 
en o u g h  c o p p e r  re m a in in g  a f te r  th e  fo rm atio n  
o f th e  te rn a ry  c o m p o u n d  to  s a tu r a te  th e  solid  
so lu tio n . In  a  la te r  p a p e r  G a y le r91 show ed  th a t  
th e  a d d itio n  of a s  l i t t le  a s  0.1 p e r  c en t. F e  h a d  
a  m a rk e d  effec t 011 th e  ro o m -te m p e ra tu re  ag e in g  
o f a  4 p e r  c en t. Cu a llo y , th e  effect b e in g  less 
a p p a r e n t  on  ag e in g  a t  e le v a te d  te m p e ra tu re s . 
T h e  p resen ce  o f 0.6 p e r  c en t. F e  h a d  a  c o n sid e r
a b le  effect, h ow ever, on th e  a g eh a rd e n in g  a t  
a ll ag e in g  te m p e ra tu re s  in v e s tig a te d .

K o ch  a n d  N o th in g 89 fo u n d  th a t  u p  to  2 per 
c en t. F e  red u ced  th e  h a rd n ess  o f a  4 p e r  c en t. 
C u a llo y  q u e n c h e d  from  525 deg rees  C ., b u t  
th e re  w as n o  c h an g e  in h a rd n e ss  w ith  iron  
c o n te n t on  q u e n ch in g  from  380 deg rees  C. T h e  
in c rease  in  h a rd n e ss  d u rin g  ro o m -te m p e ra tu re  
ag e in g  show ed  a  c o n sid e rab le  d ro p  on  th e  
a d d itio n  o f a  sm all q u a n t i ty  of iron , fu r th e r  
a d d itio n s  p ro d u c in g  a g ra d u a l d ecrease  in  h a rd 
ness in c rem en t a s  th e  iron  c o n te n t w as in c reased .

T h is  s u b je c t  h a s  now  b een  e x a m in e d  by 
U nckel* '* , s,\  s '* a n d  by H a n s e n  a n d  D ra y e r ,1”  th e  
h ig h e r  p ro p e r t ie s  of th e  e x tru d e d  a n d  h e a t  t r e a te d  
m a te r ia ls  b e in g  d u e  to  th e  fa c t  t h a t  i t  is  in  th e  
w o rk -h a rd e n e d  u n c ry s ta ll iz e d  c o n d it io n , su p e rim p o se d  
on w h ic h  th e r e  m ay  a lso  b e  a  p re fe r re d  o r ie n ta t io n .
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M icroscop ic  in v e s tig a tio n s  show ed  th a t  an  
in c rease  in  iro n  c o n te n t w as a cc o m p an ie d  b y  a  
dec rea se  in th e  a m o u n t o i C uA L p re sen t, its  
p lace  b e in g  ta k e n  b y  a  co m p lex  te rn a ry  co m 
p o u n d , to  w h ich  th e  c o m p o sitio n  C u2F eA l w as 
g iven . O n  th e  b a sis  o f th is  co m position  i t  w as 
c a lcu la te d  th a t  th e  a m o u n t o f iron  re q u ired  to  
w ith h o ld  a ll th e  c o p p e r  from  solid  so lu tio n  in 
a  4 p e r c en t. Cu a llo y  w ou ld  be  *1.35 p e r  c en t. 
N o CuA L w as fo u n d  in a llo y s  c o n ta in in g  m ore 
th a n  1.5 p e r  c en t. F e . T h e  h a rd n e ss  o f th e  
a llo y s  w as p ro p o r tio n a l to  th e  a m o u n t of co p p er 
d isso lv ed .

P e tro v 111 d e te rm in e d  th e  effect o f up  to  2 p e r 
cen t. F e . In  m ag n esiu m  free (silicon c o n ta in 
ing) a llo y s  he  fo u n d  th a t  0.05 p e r  c e n t. F e  
d e c rea sed  th e  ro o m -te m p e ra tu re  ag eh a rd e n in g  
c a p a c ity  v e ry  c o n sid e ra b ly . (See F ig . 46, w h ich  
su m m arizes  th e  re su lts  of 
s ev e ra l in v estig a tio n s , th e  
"  iron  free p o in t  ”  be ing  
ta k e n  from  e a r lie r re su lts  of 
G ay ler36 on h ig h  p u r ity
Al-Cu a llo y s .) L a rg e r  add i-

(b ) H u n s ic k e r 's  re su lts1*7

F e  c o n te n t 
P e r  c en t.

0.14 
0.2S 
0-43 
o .57 
0.70
0.86
T .0 1  2 .2 7

F in k , S m ith  a n d  W illey  g av e  ag e in g  c u rv e s  
fo r a lloys  c o n ta in in g  co p p e r  c o n te n ts  a p p ro x i
m a tin g  to  th e  a m o u n t o f c o p p e r  th a t  w o u ld  be 
a v a ila b le  fo r so lid  so lu tio n  in 4 p e r  c en t. Cu 
a llo y s  c o n ta in in g  0.5 p e r  c en t, an d  1.0 p e r c en t. 
F e  re sp ec tiv e ly . T h e  re su ltin g  c u rv es  w ere very

C11 req u ired  fo r 
co m b in a tio n  (from  
pa  ra m e te r  m e a s .) 

P e r  c en t.
0.36
0.68
1.02 
1.3S 
1.67
2.02

Fig. 53.—Effect of quenching 
stresses on rate of agehardening 
of aluminium-copper alloys as 
measured by lattice parameter 
c h a n g e s  (back reflection 

method).02

t io n s  d e c rea sed  th e  ageing  
c a p a c ity  g ra d u a lly .

T h e  re su lts  of F in k , S m ith  
a n d  W illey 1*.6 a re  n o t in 
a g re e m en t w ith  th o se  of 
P e tro v  a n d  G ay le r d e sc rib ed  
ab o v e . T h e y  re p o rte d  a 
g ra d u a l decrease  in th e  
ag e in g  c a p a c ity  on th e  a d d itio n  of sm all q u a n 
titie s  o f  iron . (See F igs . 40 a n d  41.) A f te r  500 
h o u rs  a t  room  te m p e ra tu re , th e  c o n tra c tio n  of 
a  4 p e r  c en t. Cu a lloy  w as ro u g h ly  10, 32, 46, 66 
p a r ts  in 106 fo r iron  c o n te n ts  of 1.0, 0.5, 0.25, 
0.0 p e r  c en t, re sp ec tiv e ly . T h e  effect of iron  
in w ith h o ld in g  c o p p e r  from  so lu tio n  b y  th e  
fo rm a tio n  o f a  te rn a ry  co m p o u n d  w as d e te r 
m in ed  b y  la t t ic e  p a ra m e te r  m e a su rem en ts  an d  
so lu tio n  p o te n tia l m e asu rem en ts , th e  a m o u n t of 
c o p p e r le f t in so lu tio n  a f te r  th e  a d d it io n  of 
c e r ta in  q u a n ti t ie s  of iron  to  4 p e r  c en t. Cu 
a llo y s  b e in g  c a lcu la te d  from  th e  re su lts . In  th e  
fo llow ing  ta b le  th e  a m o u n t o f co p p e r  used  by  
d iffe ren t a m o u n ts  of iron  h a s  b een  ca lcu la te d  
b y  th e  w r i te r  a n d  th e  re su lts  a re  co m p a red  w ith  
th o se  o f H u n s ic k e r .1*7
7 he am ount o f copper m ade unavailable for  
Solution in a lum inium  due to the presence o f 

certain am ounts o f iron
(a) C a lcu la te d  from  F in k , S m ith  a n d  W ille y ’s 

re su lts1*6
C u re q u ire d  fo r co m b in a tio n  
(from  (from  so lu tion

p a ra m e te r  m eas.) p o te n tia l m eas.) 
P e r  c en t. P e r  c en t.

0.67

F e  c o n te n t 
P e r  cen t. 

0.26 
0.51 
0.99

0.52
1.26
2.32

1.24
2.02

Tim e in minutes

s im ila r in form  to  th o se  sh o w n  in  F ig . 41,. 
a lth o u g h  th e  a b so lu te  v a lu e s  o f th e  c o n d u c t iv ity  
w ere n o t e x a c tly  th e  sam e.

H u n s ick e r1*7 fo u n d  a  d ecrease  in th e  a g e h a rd 
en in g  of a  4-5 l»*r c e n t. C u a llo y  w ith  a d d itio n  
of iron . (See F igs. 4 r, 42, 43, 44.) I t  w as 
s ta te d  th a t  b in a ry  a n d  te rn a ry  a llo y s  w ith  equal 
a m o u n ts  of c o p p e r  av a ilab le  fo r solid  s o lu tio a  
gav e  eq u al deg rees  o f a g eh a rd en in g , e x c e p t in  
th e  case  of a llo y s  q u e n ch e d  in  b o iling  w a te r  
a n d  aged  a t  room  te m p e ra tu re .  H is  re su lts  a re  
su m m a riz ed  in F ig . 45.

A s show n  in F ig . 46, th e  in c rease  in h a rd n e ss  
fo u n d  b y  H u n s ic k e r  a f te r  q u e n ch in g  in  b o ilin g  
w a te r  is c o m p a ra b le  to  th e  effects found  b y  
K o ch  a n d  N o th in g , a n d  P e tro v  o n  an  a llo y  
co n ta in in g  4 p e r  c e n t. C u +  0.05 p e r  c en t. 
Mg +  0.4 p e r  c en t. Si ( th is  l a t t e r  p o in t  h a s  
been  ad d ed  in to  F ig . 46).

D u ra lu m in . K r o e n ig 36 d e te rm in ed  th e  e ffec t 
o f a d d itio n s  of u p  to  1.5 p e r  c en t. iro n , on  th e  
p ro p e rtie s  of 2 m m . th ic k  d u ra lu m in  s h e e t a f t e r  
q u e n ch in g  from  te m p e ra tu re s  of 500-540 degrees 
C. a n d  ro o m -te m p e ra tu re  ageing . In c re a se  in  
iron  d ec rea sed  th e  final u ltim a te  ten sile  s tre n g th  
o b ta in e d . This p a p e r  is so m etim es q u o te d  as 
show ing  th a t  th e  d e le te r io u s  effec t is inc reased  
as th e  q u e n ch in g  te m p e ra tu re  is ra ised , b u t  th is  
is n o t  s tr ic t ly  a cc u ra te . T h e  final u ltim a te  
ten sile  s tre n g th  in c reases  w ith  inc rease  irr
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q u e n c h in g  te m p e ra tu re  w h en  th e  iron  c o n te n t is 
be low  0.9 p e r  c e n t, a n d  d ec rea ses  s lig h tly  w h en  
th e  iron  c o n te n t exceeds  th is  a m o u n t. M icro
sco p ic  e x a m in a tio n  show ed t h a t  th e  effect of 
iron  w as d u e  in  p a r t  to  th e  fo rm atio n  of a 
t e rn a ry  e u te c tic  w ith  C u-A L, th u s  h in d e rin g  th e  
so lu tio n  of th e  c o p p e r  b y  fix ing  i t  in  poo ls  of 
eu te c tic .

F ry , W ie d e rh o lt a n d  B o eh m e15̂  s tu d ie d  th e  
effec t of iron  on  th e  m ech an ic a l p ro p e rtie s  of 
e x tru d e d  d u ra lu m in , a n d  c o n clu d ed  t h a t  up  to  
0-75  p e r  c en t. F e  h a d  no  effec t on  th e  p ro p e rtie s  
p ro v id e d  t h a t  th e  c o rre c t h e a t - tre a tm e n t te m 
p e ra tu re  w as used , th e  effec t o f iro n  b e in g  
g re a te r  a t  h ig h e r  so lu tio n  h e a t - t re a tm e n t  te m 
p e ra tu re s . D re y e r  a n d  S e em an n 204 a lso  s tu d ie d  
th e  effect o f iron  on  th e  m ec h an ica l p ro p e rtie s  
of d u ra lu m in  a n d  s ta te d  th a t  a llo y s  w ith  m ore  
th a n  0.7 p e r  c en t. F e  w h ich  w ere  so lu tio n  h e a t-  
t re a te d  a t  540 deg rees  C. sh o w ed  no  signs of 
"  b u rn in g ,"  b u t  such  s ta te m e n ts  c an  be 
a c c e p te d  o n ly  w ith  cau tio n , a s  signs of over-

lgarasi*> e x am in ed  th e  c h an g e  in  le n g th  of 
A l-Cu-M g a llo y s  d u r in g  ro o m -te m p e ra tu re  age
ing. (See F igs . 48 a n d  49.) H e fo u n d  t h a t  on 
ro o m -te m p e ra tu re  ag e in g  a ll b in a ry  A l-C u a llo y s  
c o n tra c te d  in le n g th , th e  c o n tra c tio n  being  
g re a te s t in th e  4 p e r  c en t. C u a llo y . B in a ry  
A l-M g a llo y s  a lso  c o n tra c te d  on ageing . 
A l-Cu-M g a llo y s  e x p an d  on  ageing , fo r a  0.5 
p e r  c en t. M g a llo y  th e  e x p an s io n  w as g re a te s t 
w ith  2 p e r  c en t. Cu, w h ils t  w h e n  th e  co p p e r  
is ra ised  to  4 p e r  c en t, th e re  o ccu rs  a ra p id  
ex p an s io n  fo llow ed  b y  a  c o n tra c tio n . I t  w as 
a lso  fo u n d  th a t  th e  a d d it io n  of m ag n esiu m  to  
a  4 p e r  c en t. C u a llo y  cau se s  a n  e x p an s io n  w hich  
is g re a te s t w ith  2 p e r  c en t. Mg.

F in k , S m ith  a n d  W illeyH 6 n o ted  th a t  4 p e r  
cen t. Cu a llo y s  w ith  1.0 a n d  1.5 p e r  c en t, 
m ag n esiu m  g ave  a  la rg e  e x p an s io n  on  ageing , 
follow ed b y  a  c o n tra c tio n . (See F ig . 50.) T h e  
d ecrease  in  e le c tr ica l c o n d u c t iv ity  w as  inc reased  
b y  m ag n esiu m . (F ig . 51.)

A l-C u-F e a llo y s . T h e re  is good a g re e m en t

Figr.54.—Diagrams showing 
the change in total free 
energy C\F) on precipita
tion from super saturated 
solid solutions, in several 
types of system.152 Fa and 
FB“ free energy of pure 
components; F« and Ffi ~ 
free-energy curve of solid 
solutions; AF= free energy 
change on precipitation. 
The free-energy composi
tion curves of the solid 
solution are those at the 
precipitation temperature.

h e a t in g  a re  e x trem e ly  d ifficu lt to  d e te c t  in 
a lu m in iu m  a llo y s . T h e re  is a g re e m en t th a t  th e  
effec t of h igh  q u a n ti t ie s  of iro n  is inc reased  
a s  th e  te m p e ra tu re  o f h e a t - t re a tm e n t  is ra ised , 
no  e x p la n a tio n s  h a v e  been  p u t  fo rw a rd  to 
a c c o u n t fo r th is , th e  m o s t s im p le  b e in g  p ro b a b ly  
th a t  fu sion  of so m e  o f th e  c o n s ti tu e n ts  occurs.

(3 ) T h e  effec t o f m ag n esiu m  on: AI-Cu a lloys. 
T h e re  is g en era l a g re e m e n t t h a t  th e  a d d itio n  of 
m ag n esiu m  in c reases  th e  a g eh a rd e n in g  c a p a c ity .  
G ay le r a n d  P re s to n 3® fo u n d  th a t  a  4 p e r  c en t. 
C u a llo y  w ith  0.5 p e r  c en t. M g ag ed  fa s te r  an d  
to  a g re a te r  d eg ree  b o th  a t  room  te m p e ra tu re  
a n d  a t  200 d eg rees  C. th a n  th e  sam e  a llo y  w ith 
o u t  th e  a d d itio n  o f M g.

Kenipf.H® re p o rtin g  som e w ork  o f D ean , s ta te s  
th a t  th e  m a x im u m  effec t seem s to  b e  a ch iev e d  
w h en  th e  c o n c e n tra tio n  o f m a g n e siu m  is a b o u t
1.5 p e r  c e n t .,  h ig h e r  a m o u n ts  o f m ag n esiu m  
d ecrea ses  th e  effec t b ecau se  o f th e  fo rm atio n  of 
a  c o m p lex  A l-Cu-M g c o n s t i tu e n t  of lim ited  so lu 
b ility . 1 he '* a s  q u e n ch e d  ’' h a rd n e ss  increases 
a lm o s t lin e a rly  w ith  in c rease  in  m agnesium  
c o n te n t. (See F ig . 47.) H o w ev er, F ig . 47 
(g iven  b y  K em p f) show s t h a t  th e  m ax im u m  
in c rease  in  U .T .S . is o b ta in e d  w ith  0.4 p e r  c en t. 
M g fo r a  5.25 p e r c en t. C u  a llo y . P e tro v ’s 
re su lts  sh o w  (on  a llo y s  c o n ta in in g  F e )  a  m a x i
m u m  in c rease  in h a rd n e ss  w ith  th e  a d d itio n  of 
a p p ro x im a te ly  0.6 p e r c en t. M g.

th a t  th e  a d d it io n  of m ag n esiu m  d e s tro y s  th e  
d e le te r io u s  a c t io n  o f iron . G a y le r  a n d  P re s to n 36 
fo u n d  t h a t  th e  a d d itio n  of 0.5 p e r  c en t. M g 
n e u tra liz ed  th e  in fluence  o f 0.32 p e r  c en t. iron . 
Petrov* 11 fo u n d  t h a t  0.03 p e r  c en t. M g c au se d  a n  
iro n  c o n ta in in g  a llo y  to  b e h a v e  a s  a  p u re  A l-C u 
a llo y . (See F ig . 52.) W ith  la rg e r  a m o u n ts  of 
iro n  a n d  0.05 p e r  c en t. .Mg th e  a g eh a rd e n in g  
c a p a c ity  is \;e ry  s im ila r  to  th o se  of th e  A l-C u-Fe 
a llo y s  of K o ch  a n d  N o th in g . (See F ig . 46.)

D u ra lu m in . In  th e  case  o f d u ra lu m in , H an sen  
a n d  D re y e rl57-' fo u n d  t h a t  th e  effec t o f m ag 
nesium  w as a  fu n c tio n  of th e  c o p p e r c o n te n t, 
v iz .:—

M g c o n te n t for 
M agnesium  c o n te n t m ax im u m

fo r m a x im u m  ch an g e
ten sile  p ro p e rtie s . 011 ageing .

P e r  c en t. P e r  cen t.
Cu c o n te n t. 
P e r  cen t.

4-0  .
3-0
2.0

2.0
-1.5
3-0

0-5
1.0
*•5

(4 ) T h e  effect of m an g an ese  on: A l-C u alloys.
F in k , S m ith  a n d  W illey*«  re p o r t t h a t  0.25 p e r  
c en t. M n h as  no  effect on  th e  ageing  ol a  4 p e r  
c en t. C u a llo y , b u t  th a t  a d d itio n s  o f 0.5 an d
1.0 p e r  c en t, red u ce  th e  e x te n t o f th e  a g e h a rd 
e n ing . T h is  is sh o w n  b y  a g e in g  c u rv e s  fo r y ie ld  
s tre n g th , d ila ta tio n  a n d  e le c tr ica l c o n d u c t iv ity .
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AI-Cu-M g a llo y s . D re y e r  a n d  H a n se n 203 found  
th a t  up  to  1.0 p e r  c en t. M n h ad  no  effect on 
th e  ra te  o r e x te n t  of a g eh a rd e n in g  a f te r  so lu tion  
h e a t - t re a tm e n t  a t  500 deg rees  C. A fte r  q u e n ch 
ing  from  te m p e ra tu re s  of 350-450 deg rees  C. th e  
ag e in g  p ro cess  w as  p ro longed .

(5 ) T h e  effect of silicon  on: A l-Cu a lloys. 
T h e re  is g e n e ra l a g re em en t th a t  th e  a d d itio n  of 
silicon  to  h igh  p u r i ty  A l-Cu a llo y s  h a s  no  effect 
on th e  a g e h a rd e n in g .148» 36> 94> 113

A l-C u-F e a llo y s . A s d e sc rib ed  before , th ese  
a llo y s  a g e h a rd e n  to  a  lesser e x te n t th a n  th e  iron  
free a llo y s . S ilicon  te n d s  to  n e u tra liz e  th e  effect 
of th e  iron , p ro b a b ly  b y  th e  fo rm a tio n  of an  
A l-F e-S i co m p o u n d , th e re b y  re d u c in g  th e  
a m o u n t of iron  a v a i la b le  fo r th e  a d v e rse  effect 
on  th e  a g eh a rd en in g .

(6) T h e  effect of o th e r  e le m en ts  on  th e  ageing  
o f A l-Cu a n d  d u ra lu m in - ty p e  a llo y s:—

T h e  effect of N ickel. B in g h a m ,12 M oringa ,187 
K och  a n d  N o th in g 80 a n d  C ook a n d  C h ad w ick 208 
fo u n d  th e  a g eh a rd e n in g  of d u ra lu m in  to  be 
re ta rd e d  a n d  d ec rea sed  b y  th e  a d d itio n  o f N i 
in a  m a n n e r  s im ila r  to  th a t  of iron , a n d  w ith  
in c re a s in g  N i c o n te n t th e  "  a s  q u e n ch e d  *’ h a rd 
ness w as d ecrea sed . H ere  a g a in  th is  w as  p u t  
dow n  to  th e  fo rm atio n  of a te rn a ry  co m p o u n d , 
w ith  a  c o n se q u e n t re d u c tio n  in  th e  a m o u n t of 
c o p p e r  a v a ila b le  fo r so lu tio n . N iA l, c an  itse lf 
p ro b a b ly  p ro d u ce  a  s lig h t ag e in g  effect.

EfTect of C o b alt. K och  a n d  N o th in g  found  
th a t  th e  “  a s  q u e n ch ed  "  h a rd n e ss  o f d u ra lu m in  
c o n ta in in g  Co w as  in c reased  w ith  inc rease  in 
c o b a l t  c o n te n t. T h e  inc rease  in h a rd n e ss  011 
ag e in g  w as  red u ced  b y  v e ry  sm all a d d itio n s , 
b u t  w ith  from  o .1-2.0 p e r  c en t, th e  h a rd n e ss  
in c re m e n t w a s  a lm o s t c o n s ta n t.

T h e  EfTect of th e  R a te  of C ooling from  th e  
S o lu tio n  H e a t- tre a tm e n t T e m p e ra tu re . T h e re  is 
som e c o n tra d ic tio n  to  be  found  am o n g  th e  
re su lts  of d iffe ren t in v e s tig a to rs  on  th e  e ffect of 
d iffe ren t r a te s  o f coo ling  a f te r  so lu tio n  h ea t-  
tre a tm e n t.  T a k in g  d u ra lu m in  a s  a n  ex am p le , 
a g re e m e n t is gen era l th a t  th e  s low er th e  q u en ch  
th e  g re a te r  th e  speed  of ageing , b u t  th e  low er 
th e  final ten sile  p ro p e rtie s . T h is  is show n  by  
W ilm ,1 K o n n o .4 A lso  th e  s low er th e  q u e n ch in g  
ra te  th e  h ig h e r th e  “  a s  q u e n ch e d  ”  tensile  
p ro p e rtie s .

H ow ever, H u n s ic k e r147 a n d  K e m p f (d iscussion  
of 62) fo u n d  th a t  th e  final aged" h a rd n e ss  of 
A l-C u a n d  A l-C u-Fe a llo y s  q u e n c h e d  in b o iling  
w a te r  w as  g rea te r, a f te r  b o th  n a tu ra l  an d  
a rtif ic ia l ageing , th a n  th a t  of th e  sam e a lloys  
q u e n ch e d  in cold w a te r . H u n s ic k e r 's  re su lts  
fo r th e  n a tu ra l ly  aged  spec im ens 
a re  show n in F ig s . 41, 42, 43 an d  
44, h is sp ec im en s w ere  in  th e  form  
o f s h e e t q u e n ch e d  from  te m p e ra 
tu re s  o f 20 deg rees  C. a b o v e  th e  
so lid  s o lu b ility  cu rv e . S y k e s174 
a t te m p te d  to  c h eck  th e se  find ings

Fiff. 55.—Diagrams showing relative 
nuclei size for various degrees of 
undercooling and supersaturation. 
The size of the nucleus along the 
solid soluble curve is infinite, it 
decreases with increasing degrees of 
supersaturation and of undercooling. 
(Contour lines are regions of equal 
nucleus size; size decreases with 

subscript number. 152)

on F e -W  a n d  Fe-M o alloys, a n d  found  t h a t  sp ec i
m ens a ir  cooled  from  th e  so lu tio n  h e a t - t re a tm e n t  
te m p e ra tu re  g ave  s low er ageing  a n d  low er 
m ax im u m  h a rd n e ss  th a n  sp ec im en s w a te r  
q u en ch ed , b u t  th e  effect of a ir  coo ling  a n d  
b o iling  w a te r  q u e n c h in g  a re  n o t d ire c tly  co m 
p a ra b le  since th e  ra te s  of coo ling  in th e  tw o  
cases a re  ex tre m e ly  d ifferen t.

H u n s ic k e r  found , a  d iffe ren t re la tio n sh ip  
b e tw een  th e  a g eh a rd e n in g  c a p a c ity  (m easu red  
b y  th e  h a rd n e ss  in c re m en t) a t  ro o m -tem p era- 
tu re  a n d  c o p p e r  c o n te n t in A l-C u a llo y s  on 
sp ec im en s q u e n ch e d  in bo iling  w a te r  co m p ared  
w ith  o th e rs  q u en ch ed  in  co ld  w a te r . (See 
F ig . 45.) T h e  a g eh a rd en in g  c a p a c ity  of th e  
sp ec im en s  q u e n ch e d  in. co ld  w a te r  d ecrea ses  
ra p id ly  w ith  a  s lig h t decrease  in c o p p e r  c o n te n t 
from  4.5 p e r  c en t.,  w h e reas  th e  spec im ens 
q u e n ch e d  in b o iling  w a te r  show  a  m ore  reg u la r 
re d u c tio n  in  ageing  c a p a c ity  w ith  re d u c tio n  in 
co p p e r  c o n ce n tra tio n . T h e  A l-C u-F e a lloys 
b e h a v e d  v e ry  d iffe ren tly  from  th e  A l-Cu a llo y s ; 
w ith  e q u a l "  a v a ilab le  c o p p e r "  c o n te n ts  th e  
ag e in g  c a p a c ity  w as g re a te r  w ith  h ig h  a v a ila b le  
c o p p e r  in th e  A l-C u-F e a lló y s  th a n  in  th e  A l-C u 
a llo y s , a n d  low er w ith  low  a v a ila b le  co p p e r  in 
th e  A l-C u-F e a llo y s  th a n  in  th e  A l-C u alloys, 
th e  cu rv e s  cro ssing  a t  a p p ro x im a te ly  3.25 p e r 
c e n t, of a v a i la b le  copper.

I t  m u s t b e  p o in ted  o u t t h a t  b o th  H u n s ic k e r  
a n d  K e m p f w orked  en tire ly  on  h a rd n e ss  figures, 
w h e reas  o th e r  in v e s tig a to rs  used  ten sile  p ro p e r
ties  a n d  th e re  is o n ly  a  v a g u e  co n n ec tio n  b e tw een  
h a rd n e ss  a n d  ten sile  s tre n g th .

I t  is, o f course, w ell k now n  th a t  th e  ra te  of 
q u e n ch in g  h a s  a  co n sid e rab le  in fluence  on th e  
q u e n ch in g  s tre sses  p ro d u c e d ; F in k  a n d  S m ith 122 
fo u n d  d iffe ren tia l e tc h in g  a lo n g  s lip  p lan es  011 
n a tu ra lly  ag e in g  fo r one a n d  a  q u a r te r  h o u rs  an  
a lu m in iu m  a llo y  c o n ta in in g  4 p e r  c en t, co pper, 
q u e n ch ed  in cold  w a te r , b u t  d id  n o t find th is  
in itia l e ffec t in  th e  sam e a llo y  q u e n ch e d  in oil 
a t  100 d eg rees  C. a n d  aged  a t  th is  te m p e ra tu re . 
P h il lip s  a n d  B rick 82* 73 fo u n d  t h a t  th e  ra te  of 
p re c ip ita tio n  in  th e  su rface  la y e rs  w as  in fluenced  
b y  th e  spec im en  size. (See F ig . 53.) T h e  
la tt ic e  p a ra m e te r  (m easu red  b y  b a ck  reflection  
m e th o d ) of ¿-in. d ia . sp ec im en s  of a lu m in iu m  
c o n ta in in g  2.4 a n d  5.0 p e r  cen t. Cu s ta r te d  to  
c h an g e  sooner th a n  in j/1 6 - in ., d ia . w ire . A lso 
th e  final la t t ic e  p a ra m e te rs  of th e  ¿-in. d ia . 
spec im ens w ere  la rg e r  th a n  th a t  of p u re  a lu 
m in iu m ; w hereas  th e  1/16-in. d ia . sp ec im en s 
a t ta in e d  la ttic e  p a ra m e te rs  o f ju s t  less th a n  p u re  
a lu m in iu m .
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Fig. 56. — Diagram showing 
relationship between free energy 
per mol and temperature or 
degree of undercooling for 
different particle sizes of phase 

11 (r=radius of particle).152

Temperature

T H E  R E L A T IO N  B E T W E E N  T H E  S O L ID  
S O L U T IO N  M A T R IX  A N D  T H E  

P R E C IP IT A T E
T h e  S olid  S o lu tio n  an d  S olid  S o lu b ility .

B efore  th e  ch an g es  t h a t  o c cu r on th e  d eco m p o si
tio n  of s u p e r s a tu ra te d  m e ta llic  so lid  so lu tio n s  
can  b e  u n d e rs to o d  fu lly , a  c o m p le te  know ledge  
of th e  solid  so lu tio n  s ta te  w ou ld  be re q u ired , 
b u t  th is  is b y  no  m ean s a v a ila b le  a t  p re sen t. 
T h e  re ac tio n  ta k in g  p lace  is th a t  in w h ic h  a  new  
p h a se  d e v e lo p s  s p o n tan e o u s ly  from  a n  u n s tab le  
one, a n  in te rfac e  b e in g  fo rm ed  b e tw een  th e  new  
an d  o ld  phases . T h e  p h y s ica l c h em is try  of 
su ch  he te ro g en eo u s re a c tio n s  h a s  b e e n  d iscu ssed  
b y  M ehl a n d  J e te r ,152 w ho  su ggested  th a t  th e  
re a c tio n s  ta k e  p lace  in  tw o  stages, (i) th e  fo rm a
tion  of nuclei, an d  (ii) th e  g ro w th  o f th e se  
nucle i.

In  th e  so lid  so lu tio n  so lu te  a to m s  a re  d is t r i 
b u te d  th ro u g h o u t th e  .so lv en t la t t ic e ;  in th e  
s u b s ti tu tio n a l ty p e  o f so lid  so lu tio n , w hich  is 
th e  on ly  one o f in te re s t in th e  p re s en t d iscussion , 
a to m s  o f so lu te  Y  o ccu p y  la t t ic e  po s itio n s  in th e  
so lv en t X , w hich  in th e  p u re  su b s ta n c e  w ould  
be occu p ied  by  a to m s  of X . T h e  a to m s  of th e  
so lu te  m a y  d iffer from  th e  a to m s  o f th e  so lv en t 
in m a n y  re sp ec ts , a ll o f w hich  a ffec t th e  solid 
so lu tio n , e .g ., v a len cy , a to m ic  size a s  defin ed  b y  
th e  d is ta n c e  of c lo se s t a p p ro a c h  in  th e  p u re  
su b stan ce ,* 4 ionic  s ize ,137* 12s p o la r iz a b il i ty .129* In  
th e  so lid  so lu tio n , a to m s  o f X  m a y  h a v e  like  o r 
un lik e  a to m s  a s  c lo se s t ne ig h b o u rs , an ti since 
th e  in te ra c tio n  en erg y  of lik e  a to m s  w ill d iffer 
from  th e  in te ra c tio n  energ ies of u n lik e  a to m s  
i t  is a p p a r e n t  t h a t  th e  so lid  so lu tio n  is n o t to  
be  reg a rd e d  a s  s t r ic t ly  hom og en eo u s in  o th e r  
th a n  th e  s ta t is t ic a l  sense. F lu c tu a tio n s  a b o u t 
th e  m ean  c o n c e n tra tio n  o f so lu te  a to m s  w ill 
o ccu r lo ca lly , a n d  w ill c au se  loca l v a ria tio n s  
in th e  la t t ic e  d is to r t io n  p ro d u c e d  in th e  la ttic e

* I t  m ay  b e  p o in te d  o u t  h e re  t h a t  a lu m in iu m  h a s  
b een  r e g a rd e d  a s  h a v in g  a  fa ir ly  *' o p e n  ”  ty p e  of 
s t r u c tu r e . '* 1. I t  h a s  so m e tim e s  b een  r e g a rd e d  as" b e in g  
in c o m p le te ly  io n ise d , a l th o u g h  th e  e v id en ce  for th is  
h a s  b een  c o n s id e re d  i n c o n c l u s i v e . a n d  in  a l a te r
p a p e r _H u m e -R o th e ry  a n d  R a v n o r lir s t a t e  t h a t  in c o m 
p le te  io n is a tio n  is  v ery  im p ro b a b le .

of th e  so lv en t by  th e  in tro 
d u c tio n  o f fo reign  a to m s .

T h e  a to m s  a re  in c o n s ta n t 
m o tio n , m o v in g  from  p o in t 
to  p o in t  w ith in  th e  la ttic e , 
b y  a to m ic  in te rc h a n g e  o r by  
th e  o c cu p a tio n  o f e m p ty  
p o in ts  in  th e  la ttic e . B efore  
th e  m o v e m e n t can  ta k e  p lace  
th e  a to m  m u s t possess a 
c e r ta in  m in im u m  en erg y  in 
o rd e r  to  su rm o u n t th e  p o te n 
tia l b a rr ie r  b e tw een  tw o  
la tt ic e  p o in ts .120 T h e  ra te  o f
d iffu sion  (D ) d e p en d s  on  th e
te m p e ra tu re  a n d  on  th e  
en erg y  req u ired  fo r d iffu 

s io n ,200* ** th e  c o n n ec tio n  b e tw ee n  th e se  fa c to rs  
is g iven  b y

D  =  A e - Q /R T  
w here  A is a  c o n s ta n t,  Q  th e  a c t iv a tio n  energy  
re q u ired  fo r d iffu sion , R  is th e  gas c o n s ta n t a n d  
T  th e  ab so lu te  te m p e ra tu re .  H o w ev er, i t  is 
know n  t h a t  D  a lso  d e p en d s  m a rk e d ly  on th e
c o n c e n tra tio n  o f s o lu te .19*» 121 D iffusion  is w ell
k now n , to  ta k e  p lace  m ore  ra p id ly  a lo n g  g ra in  
b o u n d a rie s  th a n  w ith in  th e  c ry s ta ls  th em selv es , 
B a r re r17* s ta te s  th a t  th e  a c t iv i ta t io n  en erg y  
re q u ire d  w ith in  th e  la t t ic e  is g re a te r ' th a n  t h a t  
needed  a t  a  g ra in  b o u n d a ry , a n d  b o th  a re  g re a te r  
th a n  t h a t  req u ired  fo r  su rface  d iffusion .

I t  is possib le  to  c a lcu la te , fo r th e  idea l case, 
th e  like lihood  of th e  o ccu rren ce  of g ro u p s  of
so lu te  a to m s  o f v a rio u s  s izes th a t  m a y  e x is t in
th e  so lid  so lu tio n , d u e  to  flu c tu a tio n  c o n c e n tra 
tions, b y  th e  use o f P o isso n 's  fo rm u la 172

p ' = j r  ■
P  =  p ro b a b il i ty  of o ccu rren ce  of a  g roup ,
J  =  n u m b e r  of so lu te  a to m s  in  t h a t  g roup ,
£ =  a v e rag e  n u m b e r o f so lu te  a to m s  in a

group ,
P j  =  p ro b a b il i ty  o f o ccu rren ce  o f J  a to m s  in 

a  g ro u p .
T h e  p ro b a b il i ty  o f th e  o ccu rren ce  of a g ro u p  

o f a to m s  w as found  to  d ecrease  ra p id ly  a s  th e  
size of th e  g ro u p  in c reased . T h e  v a lu e s  found  
a re  o f co u rse  s ta t is t ic a lly  c o rre c t o n ly , a n d  ta k e  
no a c c o u n t of d iffe ren t in te ra c tio n  energies 
b e tw een  like  a n d  u n lik e  a to m s .

T h e  p h a se  d ia g ra m  is d e te rm in e d  b y  v a ria tio n s  
in free en e rg y  of th e  sy s te m  d u e  to  c h a n g es  in 
te m p e ra tu re  a n d  c o m p o sitio n  o f th e  a llo y s .169 
A h om ogeneous s tru c tu re , e x is ts  o n ly  so lo n g  as 
th e  fo rm a tio n  o f a  new  p h a se  does  n o t re su lt 
in a  re d u c tio n  o f th e  free  en erg y  of th e  a llo y  as 
a  w hole . T h e  l im it  of th e  so lid  s o lu b ility  a t  
a n y  g iv en  te m p e ra tu re  is g iven  b y  th e  p o in t 
a t  w h ich  th e  lo w est ta n g e n t to  th e  free energy - 
co m p o sitio n  cu rv e s  o f th e  p h ase s  of th e  a llo y  
sy s tem  m ee ts  th e  free en erg y -co m p o sitio n  cu rv e  
o f th e  so lid  so lu tio n . (See F ig . i . )  P h a ses  w ith
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free en erg y -co m p ó sitio n  cu rv e s  a b o v e  th e  low est 
ta n g e n t  a re  n o t s ta b le  a t  th e  g iven  te m p e ra tu re .

B re ak d o w n  of a  su p e rsa tu ra te d  solid  so lu tion  
is a c co m p an ied  b y  a  decrease  in free  e n e rg y ,162» 
70 a s  sh o w n  in F ig . 54. A  so lid  so lu tio n  m a y  
d ecom pose  in  tw o  w ay s, e ith e r  (a ) w ith  th e  
fo rm a tio n  o f a su p er-la ttic e , o r  (b) w ith  th e  
fo rm atio n  of a  second  p h ase . T h e  m a n n e r  
fo llow ed d e p en d s  u p o n  th e  in te ra c tio n  energ ies 
o f th e  a to m s , i.e ., if th e  a t t ra c t io n  b e tw een  like  
a to m s  is  g re a te r  th a n  b e tw een  u n lik e  a to m s  
p re c ip ita tio n  w ill o ccu r, b u t  if  th e  reverse  is th e  
case  a  s u p e r- la ttic e  w ill be fo rm ed .

T h e  to ta l  q u a n t i ty  o f so lu te  t h a t  m a y  be  tak en  
in to  so lid  so lu tio n  d e p en d s  on  m a n y  fac to rs  
(w h ich  o p e ra te  b y  in flu en c in g  th e  cou rse  o f th e  
free en erg y  c u rv e s) . (See in p a r tic u la r  p a p ers  
b y  H u m e -R o th e ry  a n d  o th e rs .141» “ » n \  134» 129) 
C o n d itio n s  o p e ra tiv e  w ith in  p e rfe c t c ry s ta ls  w ill 
be ch an g e d  b y  im p erfec tio n s , in te rn a l su rfaces 
w ith in  th e  c ry s ta l a n d  g ra in  b o u n d a rie s . G ibbs 
th e o re tic a l w o rk  show s th a t  th e  so lu te  co n cen 
tra tio n  a t  a  su rface  d iffers from  th a t  in s id e  th e  
c ry s ta l , b e in g  h ig h e r  a t  th e  su rface  w h en  th e  
so lu te  possesses a  low er su rface  energy  th a n  
th e  s o lv en t; th is  leads  to  d iffe ren t so lid  so lu b ili
ties w ith  d iffe ren t g ra in  sizes. T h e  p resen ce  of 
a  second  p h ase  h as  b een  suggested  a s  a ffec ting  
th e  so lid  s o lu b ility  in  th e  sam e  m a n n e r as  g ra in  
s ize ,“  a lth o u g h  e x p e r im e n ta l ev id en ce  o f th is  is 
la ck in g  a n d  c o n tra d ic te d  b y  w ork  o f S tenzel 
a n d  W ee rts .50 L i tt le  is  know n  of th e  effec t of 
m osaic  s tru c tu re  on  solid  so lu b ility . T h e  solid 
s o lu b ility  a t  a  p o lish ed  su rface  m a y  d iffer from  
th a t  w ith in  th e  c ry s ta l .44

T h e  so lid  s o lu b ility  c u rv e  m a y  be  c a lcu la te d  
for idea l so lu tio n s  from  th e  th e rm o d y n a m ic  
c o n s id e ra tio n s10 a n d  a lso  from  free energy  con 
s id e ra t io n s .154 T h e  e q u a tio n  c o n n ec tin g  so lu te  
c o n c e n tra tio n  a n d  te m p e ra tu re  is o f th e  form  

lo g e x ' =  - L / R T  +  C
w here

x ' =  m ol fra c tio n  of a llo y in g  e lem en t,
L  =  m o la r h e a t  of so lu tio n ,
R  =  gas c o n s ta n t,
C =  in te g ra tio n  c o n s ta n t,
T  =  te m p e ra tu re  in d eg rees  a b so lu te .

F in k  a n d  F re c h e 44 h a v e  show n t h a t  th e  e x p er i
m e n ta l re su lts  a re  in a g re em en t w ith  th e  th eo ry  
in  th e  case  o f a lu m in iu m  b a se  a llo y s , even  
th o u g h  th e  c a lc u la tio n s  m a k e  a ssu m p tio n s  th a t  
a re  a p p lic ab le  to  d ilu te  so lu tio n s  o n ly . A 
s tr a ig h t  lin e  is o b ta in e d  w hen  th e  rec ip ro ca l of 
th e  a b so lu te  te m p e ra tu re  is p lo tte d  a g a in s t th e  
n a tu ra l  lo g a rith m  of th e  m ol f ra c tio n  o r m o la r 
pe r c en t, of th e  so lu te . H o w ev er, a t  low te m 
p e ra tu re s  th e  e x p e r im e n ta lly  o b ta in e d  cu rves
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Fig. 57.—Orientation relationships on the position 
plane between a FCCy phase and a BCCa phase, 
showing the superimposition of these two planes and 

parallelism of directions.*^

a re  a t  h ig h e r c o n c e n tra tio n s  w ith  A l-C u, Al-M g 
a n d  A l-M g.S i a llo y s  p ro b a b ly  d u e  to  la c k  of 
tru e  e q u ilib riu m  co n d itio n s .

T h e  F o rm a tio n  a n d  G ro w th  of N uclei. On 
cooling  a  solid  so lu tio n  to  a  p o in t  be low  th e  
so lid  so lu b ility  c u rv e , th e  so lu tio n  becom es 
u n s tab le  a n d  te n d s  to  re je c t so lu te  a to m s  u n til 
th e  rem a in in g  solid  so lu tio n  is of eq u ilib riu m  
co m p o sitio n . T h e  so lu te  a to m s  t h a t  a re  re jec ted  
fo rm  a  new  p h ase  w h ich  a p p e a rs  f irs t in  th e  
fo rm  of nucle i w h ich  m a y  grow  in to  la rg e r 
c ry s ta ls .

T h e  free  en erg y  of th e  supercoo led  s ta te  w ill 
be g re a te r  th a n  t h a t  o f th e  e q u ilib riu m  s ta te , 
w hile p re c ip ita tio n  is a cc o m p a n ie d  b y  a  decrease  
in  free  e n erg y . (See F ig . 55.) I t  is th is  decrease  
in  free  en erg y  w h ich  is th e  d r iv in g  fo rce  o f th e  
re ac tio n , th e  energy  b e in g  d is s ip a te d  b y  th e  
fo rm atio n  a n d  g ro w th  o f th e  nuclei.

M ehl a n d  J e t t e r 1”  h a v e  rev iew ed  th e  l i te ra 
tu re  d ea lin g  w ith  th e  th eo rie s  o f n u c léa tio n , 
a n d  a  b rie f su rv e y  of th e ir  re su lts  a n d  of 
in fo rm a tio n  p u b lish ed  since  th e  issue o f th e ir  
p a p e r  is ,g iv en  here.

E a r ly  w ork  w as a p p lie d  to  sim p le  p h ase  
chan g es , su ch  as th e  c o n d en sa tio n  of v a p o u rs . 
V olm er a n d  W eb e r” . show ed  th a t  th e re  w as 
a  s tab le  n uc leus  size a sso c ia ted  w ith  a n y  g iven  
deg ree  of u n dercoo ling , nuc le i sm alle r th a n  th e  - 
c ritic a l size b e in g  d isp ersed , w hile  th o se  la rg e r 
th a n  th e  c r itic a l size g rew . T h e  s tab le  nuclei 
size d ecreased  w ith  in c rease  in  th e  degree  of 
u n dercoo ling  a n d  increase  in th e  deg ree  of s u p e r
sa tu ra t io n . (See F ig . 55.)

G ro w th  of th e  nuc le i w ill o ccu r if th e ir  free 
en e rg y  is less th a n  t h a t  of th e  o rig in a l phase , 
b u t  th e  free en erg y  is a  fu n c tio n  of th e  p a rtic le  
size, a n d  increases  a s  th e  p a rtic le  size decreases . 
H ence  i t  is possib le  fo r a  v e ry  sm all p a rtic le  of
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th e  new  p h a se  to  possess a  h ig h e r free energy  
th a n  th e  o rig in a l so lid  so lu tio n , a n d  such  
p a rtic le s  w ill be u n a b le  to  grow  a n d  w ill be 
d isp ersed . , H o w ev e r, th e  free  en erg y  of th e  
u n s tab le  s u p e r s a tu ra te d  so lid -so lu tion  decreases 
w ith  d ec rea s in g  te m p e ra tu re  m ore  ra p id ly  th a n  
th e  free en erg y  o f a  p a r tic le  o f th e  second  p h ase  
o f a  g iv en  rad iu s , a n d  th e  s tab le  p a rtic le  size 
in e q u ilib r iu m  w ith  th e  so lid  so lu tio n  w ill th u s  
d ecrease  w ith  d ecrea s in g  te m p e ra tu re .  (See 
F ig . 56 .)

B e c k e r " 5 h a s  desc ribed  a  n u c leu s  a s  a  region 
w ith  th e  c o m p o sitio n  o f th e  second  p h a se  a n d  
o f su ch  a  size t h a t  i t  rem ain s , a s  i t  is, in 
eq u ilib riu m  w ith  th e  s u p e r s a tu ra te d  solid  so lu 
tio n . H e  h a s  p roposed  th e  fo llow ing  fo rm u la  
fo r th e  freq u en c y  of nuc le i fo rm a tio n  (by  
sp o n ta n e o u s  f lu c tu a tio n s  in th e  a to m ic  la t t ic e ) .179 190

I  =  C e - (Q +A WkT
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C is a  c o n s ta n t,  _
T  is th e  te m p e ra tu re  in deg rees a b so lu te ,
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k is B o ltz m a n n 's  c o n s ta n t,
Q  is th e  a c t iv a tio n  energy  o f d iffusion ,
A  is th e  w ork  re q u ire d  to  fo rm  a  n u c leu s.

N a b a r ro 1*1» 174 a n d  o th e rs  h a v e  p o in te d  o u t 
t h a t  th e  w ork  req u ired  fo r  th e  fo rm atio n  of a 
nu c leu s  d e p en d s  on  th e  s h ap e  i t  tak e s , th e  
energy  b e in g  less fo r le n tic u la r  nuc le i th a n  for 
o th e r  sh ap es . T h e  s h ap e  m a y  be a lte re d  if th e  
d eg ree  o f s u p e r sa tu ra tio n  is h igh , since  th e  
d iffu sion  o f a to m s  to  th e  n u c leu s  is th e n  rap id  
a n d  th e  te n d e n cy  w ill be to  fo rm  sp h erica l 
r a th e r  th a n  le n tic u la r  nucle i.

T h e  n u c leu s  is fo rm ed  w ith in  th e  so lid  so lu 
tio n , th e  la t t ic e  of th e  tw o  reg ions b e in g  c o n 
tin u o u s  acro ss  th e  b o u n d a ry , a n d  th is  w ill lead  
to  th e  fo rm a tio n  of s tra in  a t  th e  in te rface  d u e  
to  th e  in te ra c tio n  of th e  tw o  d iffe ren t la ttic e s . 
T h is  s tra in  en e rg y  is la rg e  a n d  c an  on ly  be 
red u ced  b y  th e  p a rtic le s  of p re c ip ita te  b re a k in g  
a w a y  from  th e  p a re n t  la t t ic e  w ith  th e  fo rm atio n  
o f a n  in te rfac e . I f  th e  s tra in  energy  of su ch  
reg ions c o u ld  n o t be  re leased  no  fu r th e r  p re 
c ip ita t io n  co u ld  o c cu r  w ith o u t a n  inc rease  in 
th e  free  en erg y  o f th e  sy s te m  a s  a  w h o le .178 
T h e  s tra in s  m ay  b e  re lieved  b y  re c ry s ta lliz a tio n  
o f th e  so lid  so lu tio n  g ra in s  a s  occu rs  so m etim es 
in  Ag-C u a llo y s . N a b a r ro  s ta te s  t h a t  p ro v id ed  
a  p a r tic le  o f p re c ip ita te  does n o t b re a k  a w ay  
fro m  th e  la t t ic e  i ts  en e rg y  c a n n o t b e  reduced  
g re a tly  b y  c h an g e  o f sh ap e .

O n  th e  basis  of th e  a ss u m p tio n  th a t  ro u g h ly  
th e  sam e  a m o u n t o f energy' is re q u ire d  to  m e lt a

m o n -a to m ic  la y e r  a t  th e  su rface  of th e  p a rtic le  
a s  to  fra c tu re  it, i t  w as c a lc u la te d  t h a t  th e  sh ee t 
of p re c ip ita te  in Ag-C u a llo y s  sh o u ld  be on ly  
tw o  a to m s  th ic k  w h en  i t  b re a k s  a w ay . B a r re tt ,  
G eisler a n d  M eh l,M h a v e  a p p lie d  th e  sam e  
fo rm u la  to  A l-A g a llo y s  a n d  find  t h a t  th e  b re a k 
aw ay' is p re d ic te d  w h e n  th e  p re c ip ita te  is 320 
a to m ic  la y e rs  th ic k . They' p o in t  o u t t h a t  th e  
fa c t t h a t  D eb y e  rin g s  can  be o b ta in e d  from  th e  
y  p h a se  b efo re  i t  becom es la rg e  e n o u g h  to  b re a k  
a w a y  a n d  becom e th e  y  p h a se  is in  a cco rd a n ce  
w ith  th e o ry .

A fte r  a  s ta b le  n u c leu s  h a s  fo rm ed  i t  grow s by  
d iffusion , th e  ra te  of g ro w th  d e p en d in g  o n  th e  
ra te  a t  w h ich  so lu te  a to m s  reach  th e  nuc leus, 
an d  th e  ra te  w ill decrease  a s  th e  m a tr ix  is 
d e p le te d  in  so lu te .

A  m a th e m a tic a l  a n a ly s is  of th e  p ro cess  of 
iso th e rm a l d eco m p o sitio n  of a u s te n ite , o r  an y  
m e ta s ta b le  p h a se  b re a k in g  d o w n  in a  s im ila r 
m a n n e r, h a s  been  m ad e  b y  J o h n so n  a n d  M eh l.144 
T h e y  c a lcu la te  th e  a m o u n t o f m a te r ia l tr a n s 
fo rm ed  in a  g iven  tim e  in  te rm s  o f th e  ra te  of

Fig. 59.—Atomic rearrange
ments accompanying pre
cipitation in aluminium- 

silver alloys.19-*
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p r e c i p i t a t e  p h a s e  y .

n u c lé a tio n  a n d  th e  ra te  of g ro w th , a llo w an ce  is 
m a d e  fo r th e  im p in g e m e n t of g row ing  nodu les 
o n  one a n o th e r , a n d  fo r th e  d ec rea s in g  ra te  of 
n u c lé a tio n  a s  th e  so lu te  c o n ce n tra tio n  decreases . 
T h e  re su lts  h a v e  b een  te s te d  o n  s tee ls , b u t  n o t 
o n  a g eh a rd e n in g  sy s te m s  co v ered  by' th e  p re s e n t 
rev iew .

Crystallographic Relationships. I t  h a s  been  
k now n  fo r  a  lo n g  t im e  th a t  th e re  w as  freq u e n tly  
a  re la tio n  b e tw een  th e  p a t te rn  fo rm ed  by  
c ry 's ta llite s  se p a ra tin g  from  a  so lid  so lu tio n  ( th e  
W id m a n s ta tte n  figure) a n d  th e  la ttic e  of th e  
m a tr ix . A p p a re n tly  M ehl a n d  B a r re t t ’ 1 w ere 
th e  firs t to  realize  th a t  th e re  m ig h t b e  a  re la 
tio n  b e tw ee n  th e  o r ie n ta tio n  o f th e  p re c ip ita te d  
c ry 's ta llite  itse lf a n d  th e  m a tr ix  from  w h ich  i t  
fo rm ed . A n u m b e r o f sy s tem s  h a v e  now  been  
s tu d ie d  a n d  i t  is w ell e s ta b lish e d  t h a t  “  th e  
p la n e  of th e  p re c ip ita te  th a t  lies o p p o s ite  to  
a n d  p a ra lle l to  th e  p lan e  in th e  m a tr ix  across 
th e  p re c ip ita te -m a tr ix  in te rfac e  is a lw ay s  one 
w h ich  sh o w s a  m a rk e d  s im ila r ity  in  a to m  p a tte rn  
a n d  a to m  sp ac in g  to  th e  o p p o s ite  m a tr ix  
p la n e .” 153 T h a t  is th e  m a tc h in g  o f th e  tw o  
a d ja c e n t p la n e s  is good. (See F ig . 57.) T h e  
m a tc h in g  w ill n o t n ecessa rily  b e  p e rfe c t (see 
F ig . 58), th e re  w ill be  pe riod ic  reg is try  a n d  d is- 
re g is try  a lo n g  th e  in te rfac e . W h ere  th e  p re 
c ip ita te  tra n s fo rm s  to  a n o th e r  la t t ic e  to  co m p le te  
th e  p re c ip ita tio n  p rocess, th e re  w ill be  an  
o r ie n ta tio n  re la tio n  b e tw ee n  th e  fo rm s of th e  
p re c ip ita te  a n d  in d irec tly  b e tw een  th e  final 
p ro d u c t a n d  th e  m a tr ix  also .
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In  Ag-Cu a n d  C u-A g a llo y s  th e  la ttic e  p a ra 
m e te rs  of s im ila r p la n es  d iffer b y  o n ly  10 p e r 
c e n t .,41* 73 i t  w as  su g g es ted  th a t  p re c ip ita tio n  
w as on  (ioo) p lan e s  in th e  C u rich  a llo y s . An 
o rie n ta tio n  re la tio n  w as fo u n d  b e tw een  th e  
c ry s ta ls  of th e  A g-rich  a llo y  b efo re  a n d  a f te r  th e  
re c ry s ta lliz a tio n  t h a t  o ccu rred  d u rin g  ageing .

A l-A g  a llo y s  w ere  fou n d  to  p re c ip ita te  on 
( i i i ) p la n e s ,91 i t  w as suggested  th a t  A l-C u a llo y s  
p re c ip ita te d  on  (ioo) p la n e s .42

B a r re t t ,  G eisler a n d  M eh l1*4 s ta te  t h a t  th e re  
is no  d o u b t t h a t  reg is try  e x ists  b e tw een  th e  
b a sa l p la n e  o f th e  y  an d  th e  ( h i )  p la n e  from  
w h ich  i t  fo rm s, a s  th e  a to m ic  a r ra y  on  th ese  
p lan es  is id e n tic a l in p a tte rn , in te ra to m ic  
d is ta n c e  a n d  o rie n ta tio n . In te ra to m ic  spac in g s  
t h a t  d o  n o t  lie on th e se  p lan es  a rc  a lte re d , th e  
( i i i )  p la n e  sp ac in g  o f th e  m a tr ix  c o n tra c ts
1.4 p e r  c en t. 011 fo rm ing  th e  (0001) p lan e  o f th e  
y '. O n  fo rm in g  y  from  y  th e re  is a  fu r th e r  
c o n tra c tio n  o f 0.74 p e r  c en t, in th e  (0001) p lan e  
s p ac in g  a n d  a n  e x p an s io n  o f 0.73 p e r  c e n t, in 
a ll a to m ic  d is tan ce s  ly in g  in  th is  p lan e . T h e  
m a n n e r  in w h ic h  th e  ch an g es  o c cu r m ay  be 
re p re sen te d  a s  a  series  o f sh ea rin g  op e ra tio n s , 
e ith e r  s im p le  o r  com plex . T h e  a to m ic  d is- 
reg is try  a n d  th e  re s u l ta n t  la t t ic e  s tra in  in b o th  
la ttic e s  te n d  to  re s is t th e se  m o v e m e n ts ; th is  
is p ro b a b ly  th e  e x p la n a tio n  o f th e  fo rm a tio n  of 
in te rm e d ia te  la ttic e s , th e  s tra in  energy  req u ired  
for th e  fo rm atio n  o f th e  s ta b le  p h a se  d ire c tly  
b e in g  g re a te r  th a n  th a t  req u ired  fo r th e  fo rm a
tio n  o f th e  tra n s itio n  la ttic e . A s th e  size of th e  
p a rtic le s  of th e  in te rm e d ia te  p h a se  increases 
th e  s tra in  a t  th e  in te rfac e  becom es m ore th a n  
c an  b e  w ith s to o d , a n d  th e  s ta b le  p h ase  form s 
in s ta n ta n e o u s ly  from  th e  tra n s itio n  la ttic e . 
T h is  is a cc o m p a n ie d  b y  th e  fo rm atio n  of a 
d e fin ite  in te rfac e  b e tw ee n  th e  s tab le  p re c ip ita te  
a n d  th e  m a tr ix ,  a n d  u n til  th e  s ta b le  la t t ic e  is 
fo rm ed  th e re  is no  real in te rfac e  be tw een  th e  
la t t ic e  o f th e  m a tr ix  a n d  th e  tra n s itio n  phase .

T h e  case  o f th e  A l-Cu a llo y s  is m ore  com plex . 
P re c ip ita tio n  ta k e s  p lace  a lo n g  cu b e  p lan es  of 
th e  m a tr ix , a n d  b efo re  th e  o rie n ta tio n  re la tio n  
b e tw een  6'  a n d  th e  m a tr ix  can  be defined  i t  is 
n e cessa ry  to  s ta te  w h e th e r  th e  u n it cell of 
W asse rm an n  a n d  W ee rts7* o r  P re s to n 190 is be ing  
u sed , th e  re la tio n  b e tw ee n  th ese  b e in g  show n 
in F ig . 61. F ig . 60 show s th e  A l-Cu solid 
so lu tio n  re a d y  to  p re c ip ita te  a cc o rd in g  to  F in k  
a n d  S m ith .179 S a m a n s 171 h a s  p ro p o sed  a  com 
p lex  sy s te m  of a to m ic  sh ea rin g  a c tio n s  to  
a c c o u n t fo r th e  ch an g es  from  s u p e rsa tu ra te d  
so lid  so lu tio n  to  th e  s ta b le  6 la ttic e .

D IS C U S S IO N  O F  T H E  T H E O R E T IC A L  A N D  
E X P E R IM E N T A L  E V ID E N C E

N o m e n c la tu re . B efore d iscu ss in g  th e  ex p eri
m e n ta l a n d  th e o re tic a l w o rk  d e sc rib ed  in th e  
p re ced in g  pages  i t  is a d v isa b le  to  con sid e r th e  
d e fin itio n  t h a t  sh o u ld  be  a p p lie d  to  ce r ta in  
te rm s  w h ic h  a re  freq u e n tly  used  in  th is  connec
tio n  b u t  ra re ly  defined .

A fte r  rev iew in g  th e  li te ra tu re  o f  a g e h a rd en in g  
in 1939 M ehl a n d  J e t t e r  cam e  to  th e  conclusion  
th a t  " . . .  th e  ch an g e s  in  p ro p e rtie s  o bserved  
m a y  b e  e x p la in ed  on  th e  b a s is  of p re c ip ita tio n  
a lo n e  w ith o u t  recou rse  to  th eo rie s  co n ce rn in g  a 
hom ogeneous p re c ip ita tio n  re ac tio n  "  (i.e ., a 
p re -p rec ip ita tio n  p ro cess ). B efore  su ch  a  s ta te 
m e n t can  be  acc e p te d  i t  is  n ecessa ry  to  define 
w h a t is m e a n t b y  "  p re c ip ita tio n  ’’ a n d  "  p re 

p re c ip ita tio n ."  I f  "  p re c ip ita tio n  "  is to  be 
ex te n d e d  to  co v er a ll ch an g es  in th e  a to m ic  
la t t ic e  o f th e  su p e rsa tu ra te d  so lid  so lu tio n  a s  it 
tran sfo rm s  in to  th e  eq u ilib riu m  solid  so lu tion  
a n d  th e  eq u ilib riu m  p re c ip ita te , th e n  th e  first 
p a r t  o f th e  a b o v e  s ta te m e n t  is c o rrec t, a n d  th e  
second  p a r t  m ere ly  nonsense as b y  d e fin itio n  th e  
te rm  "  p re c ip ita tio n  ’’ inc ludes  th e  "  hom o
geneous p re c ip ita tio n  p ro ce ss ."  If, how ever, 
th e  te rm  "  p re c ip ita tio n  "  is to  be k e p t  fo r 
a p p lic a tio n  to  th e  fo rm atio n  of a  second  p h a se  
d is t in c t  from  th e  m a tr ix  a n d  s e p a ra te d  from  
i t  b y  a n  in te rface ,*  th e n  th e  p rocess p reced in g  
th e  fo rm atio n  o f th e  p h a se s  on  e ith e r  side of 
th e  in te rface  req u ires  som e n am e  a n d  "  p re- 
p re c ip ita tio n  ' '  w o u ld  seem  to  be a s  good a s  a n y .

I t  seem s t h a t  A m erican  w orkers  a re  te n d in g  
to  use  "  p re c ip ita tio n  "  to  c o v er all a to m ic  
ch an g es  from  t h a t  o f th e  s u p e r s a tu ra te d  solid  
so lu tio n . F in k  a n d  S m ith  h a v e  used  th is  
te rm in o lo g y 173 a n d  h a v e  c ritic iz ed  ea r ly  th eo rie s  
o f G aylcr*4 in  w h ich  th e  te rm  "  p re -p re c ip ita 
t io n  "  w as  used . I t  m a y  be  p o in te d  o u t th a t  
F in k  a n d  S m ith  a r r iv e d  a t  th e ir  conclusion  on 
in c o rre c t m e ta llo g ra p h ic  ev id en ce  a n d  p a r t ly  by  
a p p a r e n t ly  d is re g a rd in g  th e  w ork  o f P re s to n 190 
a n d  G u in ie r139 on  X -ra y  d iffra c tio n , a lth o u g h  
th e se  l a t t e r  p ap ers  w ere p u b lish ed  b efo re  th e  
p a p e r  b y  F in k  a n d  S m ith .

S e y t175 h a s  a lso  c ritic iz ed  th e  w ork  o f G ay ler. 
C ritic ism  m a y  be offered  t h a t  th e  f ir s t s ta g e  in 
th e  p rocess (i.e ., th e  fo rm atio n  o f G -P  zones) 
is p o ssib ly  n o t one o f seg reg a tio n  of so lu te  a to m s  
b u t  r a th e r  o f th e  fo rm atio n  o f tw o  d im en s io n a l 
sh ee ts  o f th e  in te rm e d ia te  tra n s itio n  p h a s e ,1*4 
a n d  th a t  in  G a y le r 's  w ork  l i t t le  w as sa id  of th e  
n a tu re  of th e  fo rces cau s in g  th e  p re c ip ita tio n  
p rocess o r of w h a t th e  p rocess consis ted . 
S im ila r ly  th e  ideas  o f a  n u m b e r o f G erm an  
w orkers  t h a t  th e re  w as a  fu n d a m e n ta l d iffer
ence b e tw een  "  h o t  "  a n d  "  co ld  "  ag e in g  h a v e  
com e in for m u ch  c ritic ism , a lth o u g h  th is  is on 
m ore log ica l g rounds .

B u t  th e  re m a in d e r  o f th e  d ifferences o f w h ich  
so m u c h  h a s  b een  m ad e  a p p e a r  to  th e  w rite r 
to  be  d u e  a lm o s t en tire ly  to  in d ec isiv e  te rm in o 
logy . I t  a p p e a rs  m ore  c o n v en ien t to  use th e  
te rm  p re c ip ita tio n  a s  i t  is  used  b y  M ehl a n d  
o th e rs , t h a t  is to  c o v er a ll s tag e s  in  th e  a to m ic  
p rocess t h a t  o c cu r  d u r in g  th e  b reak d o w n  o f th e  
s u p e rsa tu ra te d  so lid  so lu tio n  a n d  i t  is used  w ith  
th is  m ean in g  in th e  fo llow ing  pages.

T h e  la te s t  X -ra y  d iffrac tio n  in v e s tig a tio n  
in d ic a tes  th a t  th e  G -P  a g g reg a tes  m a y  a c tu a lly  
co n sis t, n o t of seg reg a tio n s  of so lu te  a to m s, b u t  
of v e ry  sm all p a rtic le s  o f th e  tra n s it io n  p h ase  
I f  th is  l a t te r  is c o rre c t th e  te rm  "  G -P  zone "  
becom es u n n e cessa ry ; ho w ev er, a s  th is  p o in t  is 
n o t  y e t  d e fin ite ly  p ro v ed , th is  te rm  is used 
su b se q u e n tly  to  in d ic a te  th e  reg ions in  th e  
m a tr ix  in w h ich  th e  firs t ch an g e  to  th e  
e q u ilib riu m  p re c ip ita te  s ta r ts ,  w h e th e r  th is  
possesses th e  s t ru c tu re  of th e  in te rm e d ia te  
p h ase  o r no t.

T h e  p h ra se  "  p re c ip ita tio n  h a r d e n in g "  h a s  
b een  av o id ed  in o rd e r  to  em p lo y  "  a g eh a rd e n 
in g ,"  w h ich  d o es  n o t im p ly  t h a t  th e  p ro p e r ty

* A  d e f in i tio n  of "  in te r fa c e  ”  is re q u ire d  h e re . I s  
th e  b o u n d a ry  b e tw e en  th e  in te rm e d ia te  p h a se , w h ich  
is  s t i l l  c o n tin u o u s  w ith  t h e  m a t r ix ,  to  b e  co v e red  by 
th e  u s e  of th e  te rm  *' in te r fa c e ,”  o r  s h o u ld  t h is  be  
k e p t  fo r  th e  b o u n d a ry  b e tw een  a p a r t ic le  t h a t  h a s  
b ro k en  aw ay  from  th e  so lid  s o lu t io n  m a tr ix ?



ch an g es  a re  necessa rily  a cc o m p an ie d  b y  th e  
fo rm atio n  o f a c tu a l  p re c ip ita te d  p a rtic le s .

I t  w ou ld  seem  t h a t  th e  te rm  "  n u c lca tio n  
h a rd e n in g  "  w o u ld  in d ic a te  b e t te r  th a n  an y  
o th e r  p h ra se  th e  a c tu a l  s t ru c tu re  fo rm ed  in 
n a tu ra lly  aged  A l-C u a llo y s : ho w ev er, th is  h a s  
a lre a d y  been  em p lo y ed  b y  M ad d ig an  a n d  B lan k  
to  in d ic a te  a  possib le  c au se  o f h a rd e n in g  on 
a n n e a lin g  cold  w orked  b rass.

T h e  P re c ip ita tio n  P rocess. W ilm 1 w ho  d is 
co v ered  th e  p h en o m e n a  of a g eh a rd e n in g  w as 
un ab le  to  e x p la in  it, a s  he cou ld  d e te c t  no 
c h an g e  in th e  m ic ro s tru c tu re  d u rin g  ageing. 
M erica, W a lten b e rg  a n d  S c o t t5 b e liev ed  th a t  
a g eh a rd e n in g  w as d u e  to  th e  p re c ip ita tio n  of 
C uA lj in a  co llo ida l form , a n d  th e y  rem ark ed :
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d is tr ib u tio n  fo rm u la ,” 5 b u t  th is  does  n o t ta k e  
in to  a cc o u n t t h a t  th e  s ta b i l i ty  o f th e  g ro u p s  is 
affec ted  b y  a n y  th e rm o d y n a m ic  c o n sid e ra tio n s . 
T h ese  d e v ia tio n s  from  th e  s ta t is t ic a l  d is tr ib u tio n  
will in c rease  a s  th e  te m p e ra tu re  is low ered  an d  
th e  tim e fo r w h ich  th e y  a re  in  ex isten ce  w ill 
a lso  increase . T h e  p resen ce  of such  g ro u p s  does 
n o t in d ic a te  "  up -h ill ”  d iffusion , an d  th e y  m u s t 
be considered  n o rm a l to  a ll so lid  so lu tio n s .

I f  in a n y  so lid  so lu tio n  th e re  a re  a  -large 
n u m b e r o f g ro u p s  o f a to m s  of th e  size a n d  co m 
p o s itio n  req u ire d  b y  th e  nu c le i o f th e  second 
p h ase , th e re  will a lso  be  m a n y  m ore  regions 
w h ich  a re  o n ly  s lig h tly  im p e rfec t from  th is  
p o in t o f v iew , i.e ., th e y  la ck  p o ssib ly  one o r 
tw o  a to m s.
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Fig. 60.—Lattices in pre
cipitation in aluminium- 
copper alloys. Full 
circles are copper atoms, 
hollow circles aluminium 
atoms. Lattices drawn 
to _ show- orientation re
lationships: A (right),
aluminium-copper solid 
solution before precipita
tion. Inscribed tetra
gonal prism shows group- 
ing of atoms which be
come O' unit cell in B 
(below). Four copper 
atoms in the centre of—

" . . .  if we a re  n o t  a b le  to  show  t h a t  a c tu a l 
p h a se  ch an g es  ta k e  p lace  d u r in g  ageing , we 
m u s t th e n  a sc rib e  th ese  c h an g es  to  a l te ra tio n s  in  
th e  a to m ic  o r  m o le c u la r s t ru c tu re ."

I t  h a s  b e en  s ta te d  a b o v e  t h a t  p re c ip ita tio n  is 
b y  th e  fo rm a tio n  of nuc le i a n d  th e  g ro w th  of 
th e se  n u c le i in to  p a rtic le s  o f th e  second  p h ase . 
T h e  d is tr ib u tio n  of a to m s  in  th e  so lid  so lu tio n  
c a n  be  reg a rd e d  a s  u n ifo rm  o n ly  in  th e  s ta t is t ic a l  
sense, ev en  a t  th e  so lu tio n  h e a t - t re a tm e n t  
te m p e ra tu re  f lu c tu a tio n s  in  th e  c o n c e n tra tio n  
o f th e  so lu te  a to m s  w ill o ccu r in  th e  p a re n t 
la t t ic e ,  th ese  b e in g  d u e  to  ch an c e  a to m ic  m o v e
m en ts , a n d  b e in g  a ffe c ted  b y  th e  in te ra c tio n  
energ ies o f lik e  a n d  u n lik e  a to m s . T h e re  w ill 
b e  zones in  w h ic h  th e  c o m p o sitio n  a n d  size a re  
th o se  o f th e  nu c le i t h a t  fo rm  d u r in g  ageing . 
T h e  n u m b e r o f su c h  g ro u p s  t h a t  fo rm  b y  ch an ce  
c a n  b e  d e te rm in e d  b y  th e  u se  o f P o isso n ’s

O n q u e n ch in g , th e se  -p o te n tia l nu c le i a re  
"  frozen  in ”  th e  la t t ic e  o f th e  m a tr ix  a n d  w ill 
be fa v o u ra b ly  s i tu a te d  fo r th e  f irs t s ta g e  in  th e  
p re c ip ita tio n  p rocess, w h ich  s ta r t s  in  su ch  
regions.

T h e  s u p e r s a tu ra te d  so lid  so lu tio n  possesses a  
h ig h e r  free  en erg y  th a n  th e  eq u ilib riu m  so lid  
so lu tio n  (see F ig . 54): a n d  so m e  o f th e  energy  
is d is s ip a te d  b y  th e  fo rm a tio n  o f nuclei. T h e  
w ork  re q u ire d  to  fo rm  a  nu c leu s  is p ro b a b ly  a 
fu n c tio n  o f th e  n a tu re  of th e  o rie n ta tio n  re la 
t io n  e x is tin g  b e tw ee n  th e  m a tr ix  a n d  th e  
n u c le i,” ’ o f th e  v o lu m e tric  c h an g e  t h a t  m u s t be 
u n dergone , a n d  o f th e  a m o u n t of a d a p ta t io n  
b e tw een  th e  tw o  la t t ic e s  a t  th e  in te rfac e  (th ese  
th re e  fa c to rs  a re  o b v io u s ly  in te rc o n n e c te d ) .

I t  is  sug g ested  t h a t  th e  f irs t ch an g e  in th e  
regions, w here  th e  size a n d  c o m p o sitio n  a re  
th o se  o f th e  nuclei, is p ro b a b ly  to w a rd s  th e

—the tetragonal prism 
are retained in the 6' 
lattice ; the aluminium 
atoms which occupy the 
corresponding positions 
are lost : B (below, left), 
the O' lattice ; C (below, 
right), the 0, CuAL\ 
lattice (not the unit cell) 
drawn to show orienta
tion relationships and to 
include a grouping of 
atoms comparable to that 
of B. Successive hori
zontal layers o are equi

distant at 2.43A.1?“
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c o rre c t d is tr ib u tio n  of so lu te  a to m s . W h en  th is  
ha s  been  a t ta in e d  th e  a to m ic  m o v em en ts  le a d 
ing  to  th e  fo rm atio n  of a  sm all reg ion  w ith  a 
d iffe ren t la t t ic e  from  th a t  of th e  m a tr ix  c an  
s ta r t .

T h e  new  la tt ic e  fo rm s from  th e  o ld  w ith  th e  
m in im u m  e x p en d itu re  of energy . F ig . 62 show s 
d ia g ra m m a tic a l ly  th e  ch an g e  in free  energy  o f a  
sy s tem  w h ich  passes th ro u g h  sev era l s tag e s  in 
th e  p rocess of p re c ip ita tio n ; th e  m in im u m  
ch an g e  in  free energy  occu rs  a t  e ach  s tag e . T h e  
size o f th e  n u c leu s  th a t  fo rm s is a ffec ted  by  
th e  te m p e ra tu re  of fo rm atio n . (See F ig . 55.) T h e  
e x a c t  n a tu re  o f th e  a to m  m o v em e n ts  le ad in g  to  
th e  fo rm atio n  of th e  new  la tt ic e  is n o t c lear, th e  
en d  p ro d u c t m a y  be sa id  to  fo rm  from  th e  
m a tr ix  la t t ic e  b y  a  series o f sh ea rin g  o p e ra 
tio n s .194» 171 T h e re  is no  d o u b t  t h a t  th e re  is a n  
o rie n ta tio n  re la tio n  b e tw een  th e  G -P  a g g reg a tes  
a n d  th e  la t t ic e  in w h ich  th e y  fo rm , th e  la ttic e  
of th e  G -P  zones b e in g  c o n tin u o u s  w ith  th e  
m a tr ix . T h e  la tt ic e  a d a p ta t io n  a t  th e  in te rfac e  
t h a t  is n ecessa ry  cau ses  th e  b u ild in g  up  of 
s tre sses  w h ic h  te n d  to  p re v e n t th e  fo rm atio n  of 
th e  e q u ilib riu m  p re c ip ita te  a n d  th e  c o n tin u ity  
of th e  la t t ic e  le a d s  to  th e  p resen ce  of tra n s itio n  
p h ase s . T h e o re tic a l w o rk  of N a b a r ro 174 in d i
c a te s  th a t  th e  s tra in  g e n era ted  is p ro p o r tio n a l 
to  th e  to ta l  vo lu m e  of th e  p re c ip ita te  a n d  n o t  
to  th e  su rface  a re a . T h e  s tra in  en erg y  a t  th e  
in te rfac e  is g iv en , up  w hen  th e  stre sses  in v o lv ed  
c a n n o t be  b o rn e  a n d  th e  p re c ip ita te  is a b le  to 
b re a k  a w ay , a f te r  w h ich  th e re  is no  fu r th e r  
h in d ra n c e  to  th e  fo rm a tio n  of th e  e q u ilib riu m  
s tru c tu re  of th e  p re c ip ita te .

I t  m u s t be  rem em b ered  th a t  iso th e rm a l p re 
c ip ita t io n  does  n o t o c cu r a t  a n  e q u a l ra te  in a ll 
p a r ts  o f th e  s u p e r s a tu ra te d  so lid  so lu tio n , even  
in in d iv id u a l c ry s ta ls , th e  e x te n t  to  w h ich  th e  
p ro cess  h a s  o c cu rred  a t  a n y  g iven  p o in t  in  th e  
la t t ic e  w ill d iffer from  th a t  a t  a n y  o th e r  p o in t. 
T h e  p ro p e r ty  c h an g e s  a c c o m p a n y in g  p re c ip ita 
tio n  a re  th e  re su lts  o f th e  in te g ra te d  su m  o f th e  
deg ree  to  w h ic h  p re c ip ita tio n  h a s  occu rred  
th ro u g h o u t th e  m a tr ix  a s  a  w hole . A lso  d u rin g  
p re c ip ita tio n  th e  so lv en t is b e in g  c o n tin u o u s ly  
d e p le ted  in  so lu te  a n d  (n eg lec tin g  th e  effect of 
s tra in  a t  th e  in te rface ) th e  la t t ic e  d is to r t io n  in 
th e  m a tr ix  la t t ic e  is co n tin u o u s ly  be ing  
d im in ish e d .

I n  th e  A l-C u a n d  A l-A g sy s te m  p re c ip ita tio n  
is k n o w n  to  ta k e  p la ce  in  th re e  stages.*  X -ra y  
d iff ra c tio n  p h o to g ra p h s  show  th a t  th e  f irs t s tag e  
is th e  fo rm a tio n  o f th e  G u in ie r-P re s to n  ag g re 
g a te s ; seco n d ly , th e  p resen ce  of th e  in te rm e d ia te  
6' o r y ' la t t ic e s  c a n  be recogn ized , a n d  th ird ly , 
th is  tra n s fo rm s  in to  th e  e q u ilib riu m  p re c ip ita te  
6 o r  y. T h e re  is som e ev id en ce  th a t  th e  A l-M g 
sy s te m  passes  th ro u g h  a  s im ila r  p ro cess  (d is
cussion  o f 194). T h e  G -P  zones a re  p la te -lik e  
a n d  form  a lo n g  c e r ta in  c ry s ta llo g ra p h ic  p lanes  
in  th e  m a tr ix .

T h e  e x a c t  n a tu re  of th e  G -P  ag g reg a tes  is n o t 
q u ite  c lear. P re s to n  a n d  G u in ie r conside red  
th e m  to  b e  co m posed  of p la te - lik e  seg reg a tio n s  
o f co p p e r  a to m s  w h ich  possessed  th e  la t t ic e  of 
th e  m a tr ix . T h e re  is no  d ire c t  ev id en ce  a v a i l
ab le  a t  th e  m o m e n t a s  to  th e  la t t ic e  sp ac in g  
th a t  th e y  a c tu a lly  possess, b u t  i t  is possib le

* N o f u r th e r  re fe ren c e s  w ill b e  g iv en  to  th e  so u rc e  
of th e  e x p e r im e n ta l  in fo rm a tio n  w h ic h  h a s  b een  
d e sc r ib e d  in  th e  in d iv id u a l  s e c tio n s , in  w h ic h  th e  
re le v a n t  re fe ren c e s  m ay  be  fo u n d .

th a t  th e y  h a v e  th e  sp ac in g  of th e  in te rm e d ia te  
p h ase  o f w h ich  th e y  a re  th e  fo reru n n ers. T h e re  
is som e ev idence  fo r th is  in  th a t  i t  h a s  b een  
re p o rte d  t h a t  th e  s tre ak s  on  th e  L au e  p h o to 
g ra p h s  h a v e  b een  found  in  A l-M g a lloys  
(d iscussion  o f 194), in th is  case  i t  w ould  be 
im possib le  to  d is tin g u ish  th e  M g a to m s  from  
th e  A 1 a to m s  b y  X -ra y  d iffrac tio n , a s  th e y  h a v e  
s im ila r  s ca tte r in g  pow ers. A n o th e r  a rg u m e n t 
a g a in s t th e  th e o ry  of seg reg a tio n  o f c o p p er 
a to m s  is t h a t  i t  is d ifficu lt to  im ag in e  how  such  
seg reg a tes  c an  easily  tra n s fo rm  in to  th e  in te r 
m e d ia te  ph ase . N o  e x p la n a tio n  is re q u ire d  if 
th e  G -P  zones a lre a d y  possess th e  sp ac in g  of th is  
tra n s itio n  la ttic e , a lth o u g h  a d d ed  c o m p lex itie s  
arise  in  ex p la in in g  th e  p ro p e r ty  chan g es .

T h e  tra n s fo rm a tio n  from  th e  in te rm e d ia te  
p h a se  to  th e  eq u ilib riu m  la tt ic e  m a y  b e 's im p le  
a s  in  th e  A l-A g s y s te m .194 In  th e se  a llo y s  th e  
a to m ic  a r ra y  on  th e  ( i i i )  p la n e  of th e  a lu 
m in iu m  m a tr ix  a n d  th e  (0001) p lan e  o f th e  y' 
is id e n tic a l in  p a t te rn ,  in te ra to m ic  d is ta n c e  a n d

8.1 A------------- j

Fig. 61.—Relationship between the unit cells 
of O' according to Wasserman and Weerts,70 

and Preston130 (from discussion of 172).

o rie n ta tio n . T h e  s tru c tu re s  cou ld  be  o b ta in e d  
b y  th e  fo llow ing  seq u en ce  o f la t t ic e  changes . 
In  reg ions w ith  th e  c o rre c t s ilv e r c o n te n t, 
p a ra lle l ( i n )  p lan es  of th e  m a tr ix  m ove  o v e r 
one  a n o th e r  d u r in g  p re c ip ita tio n  so  a s  to  c o n v e r t 
th e  face  c en tre d  cu b ic  s tru c tu re  in to  th e  
h e x ag o n a l c lo se-packed  s tru c tu re .  T h is  m ove
m e n t (see F ig . 59) is in th e  d ire c tio n  [10101. 
If  i t  o ccu rs  w ith  su ffic ien t re g u la r ity , th e  
sequence  of th e  F .C .C . p lan es. A , B , C, A , B,
C, . . . w ill be  a lte re d  to  A , B , A, B, A , B ............
w h ic h  is th e  sequence  of th e  H .C .P . s tru c tu re .  
In  th e  tra n s fo rm a tio n  y '—> y  th e re  is no  t ra n s i
tio n  of a to m  lay e rs , b u t  on ly  a d ju s tm e n t  o f th e  
a to m  spac ings.

S a m a n s171 h a s  p u t  fo rw ard  a  c o m p lex  sh ea rin g  
m ech an ism  to  d e sc rib e  th e  fo rm a tio n  o f th e  
eq u ilib riu m  p re c ip ita te  th ro u g h o u t its  v a rio u s  
stag e s  in  A l-Cu a l lo y s . . F in k  a n d  S m ith  h a v e  
su ggested  t h a t  th e  re la tio n s h ip  e x is te n t b e tw een  
th e  la t t ic e  of th e  so lid  so lu tio n  a n d  6' is as  
i l lu s tra te d  in  F ig . 60, th e  16-atom  g ro u p  in th e  
so lid  so lu tio n  fo rm s a  12-atom  g ro u p  of th e  
in te rm e d ia te  ph ase . I f  th e  u n i t  cell of
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W asserm an n  a n d  W ee rts  be  used , in s te ad  of 
t h a t  d u e  to  P re s to n , th e  re la tio n sh ip  req u ires  
th a t  12 a lu m in iu m  a to m s  a re  lo s t  from  a  g roup  
of 64 a to m s  in th e  m a tr ix , w h ich  is a n  e q u iv a 
le n t  loss. T h e  n a tu re  o f th e  m ech an ism  o f th e  
c h an g e  w as  n o t in d ic a ted .

E x a m in a tio n s  fo r in te rm e d ia te  la ttic e s  in 
o th e r  sy s te m s  h a v e  n o t b een  ca rried  o u t.*  T h e  
ex isten ce  o f sev e ra l s tag e s  in  th e  p re c ip ita tio n  
p ro cess  is to  be a n tic ip a te d , a lth o u g h  th e  
s ta b i l i ty  o f su ch  reg ions m a y  n o t be  g re a t am i 
th e ir  size sm all. T h e o re tic a l w ork  o f N a b a r ro ITS 
h a s  in d ic a te d  t h a t  in th e  Ag-Cu sy ste m  th e  
p re c ip ita te  w ill b re a k  a w a y  from  th e  m a tr ix  
w h en  i t  is  a b o u t tw o  a to m s  th ic k . T h e  e x a c t 
n a tu re  o f th e  p re c ip ita tio n  p rocess in an y  
sy s te m  is a  fu n c tio n  of th e  th e rm o d y n a m ic s  of 
th e  sy s tem , th e  geo m etric  re la tio n  b e tw een  th e  
la t t ic e s  o f th e  m a tr ix  an d  th e  p re c ip ita te ,  th e  
c o m p le x ity  o f th e  p re c ip ita t in g  p h ase  a n d  
th e  v o lu m e  c h an g es  in v o lv ed .

Fig. 62.—Diagrammatic representation of the changes 
in free energy accompanying the breakdown of a 
supersaturated solid solution, shown by the arrow, 
when the precipitate (B) can assume forms of differ
ing free energy BI, B2, B3. When the form of highest 
free energy appears, the free energy change is least 

(a, b, etc.).152

T h e  fo rm a tio n  o f th e  e q u ilib riu m  la tt ic e  from  
th e  t ra n s it io n  p h a se  is a cco m p a n ied  b y  a  fu r th e r  
red u c tio n  in free  en ergy . T h e  p rocess o f th e  
fo rm atio n  of th e  eq u ilib r iu m  p h a se  is show n 
d ia g ra m m a tic a l ly  in  F ig . 63.

T h e  In te r re la t io n  o f th e  P ro p e r ty  a n d  S tr u c 
tu ra l C hanges. T h e  inc rease  in m e c h a n ic a l p ro 
p e rtie s  on ag e in g  m a y  be consid e red  a n o m a lo u s  
u n d e r c e r ta in  c o n d itio n s . T h e  a d d itio n  o f so lu te  
a to m s  to  a  m e ta l in c reases  its  h a rd n e ss  d u e  to  
th e  d is to r tio n  cau sed  in th e  p a re n t  la ttic e , th is  
in c rea se  in  h a rd n e ss  can , in som e cases  a t  a n y  
ra te , be  e x p ressed  a s  a  fa irly  s im p le  fu n c tio n  of 
th e  a to m ic  p e rc en tag e  of s o lu te . |20 T h e  h a rd 
ness of a  h e te ro g en eo u s  m ix tu re  is p ro p o r tio n a l 
to  th e  a m o u n ts  a n d  h a rd n e sse s  o f th e  c o n s ti tu 
en ts. E x c lu d in g  th e  possib le  effects of p a rtic le  
size, a n d  p ro v id ed  th a t  th e  second  p h a se  does  
n o t possess a  h a rd n e ss  g re a te r  th a n  th e  h a rd n ess  
th e  so lid  so lu tio n  w ou ld  possess if i t  e x ten d ed

to  th e  com p o sitio n  o f th e  seco n d  p h a se  ( th is  j s  
tru e  in  th e  m a jo r ity  of cases) a  decrease  in 
h a rd n e ss  w ou ld  be ex p ec ted  to  a cc o m p a n y  
p re c ip ita tio n .

I t  is  n o t  p ro p o sed  to  d iscu ss  a ll th e  th eo rie s  
t h a t  h a v e  b een  p u t  fo rw ard  from  tim e  to  tim e  
to  ex p la in  th e  ch an g e s  in  m e ch an ica l p ro p e rtie s  
o n  a g eh a rd e n in g . O f th e  e a r ly  th eo rie s  to  
a c c o u n t fo r th e  in c reased  re s is tan ce  to  d e fo rm a 
tio n  on  ag e in g  th e  s lip  in te rfe ren c e  th e o ry  of 
Jeffrie s  a n d  A rc h e r’ is th e  m o s t im p o r ta n t .  I t  
w as  consid e red  t h a t  p re c ip ita tio n  to o k  p lace  
d u r in g  ageing , th e  p re c ip ita te  f ir s t  fo rm ed  b e in g  
o f co llo ida l size a n d  g row ing  w ith  tim e . T h e  
p re c ip ita te  w as  p re s e n t on  th e  slip  p lan es  as 
d isc re te  p a rtic le s  w h ich  in te rfe red  w ith  slip  b y  
a c t in g  a s  keys, a n d  i t  is o b v io u s  th a t  th e re  w ill 
b e  a c ritic a l p a r tic le  size th a t  will g ive  th e  
m ax im u m  k ey in g  a c tio n . W hile  th is  th e o ry  can  
b e  a p p lie d  to ,c e r ta in  sy stem s , a  th e o ry  of s im p le  
p re c ip ita tio n  d o es  n o t d e sc rib e  a ll th e  fa c ts  
o b serv ed  w ith  A l-Cu a llo y s .

E x a c t ly  how  th e  G -P  ag g reg a tes  in th ese  
a llo y s  c o n tr ib u te  to  th e  inc rease  in h a rd n e ss  is 
n o t  q u ite  c lear, b u t  i t  seem s p ro b a b le  th a t  th is  
is in  som e w ay  co n n ec ted  w ith  th e  la t t ic e  s tra in  
a t  th e  in te rface  b e tw een  th e  m a tr ix  a n d  th e  
p re c ip ita te ,  w h ich  m a y  rea ch  h ig h  v a lu e s  o v e r a  
few  a to m ic  d is tan ce s .

P r e s to n 1*0 h a s  e s tim a te d  th a t  a t  th e  t im e  of 
m a x im u m  h a rd n e ss  a t  room  te m p e ra tu re  th e

o
G -P  zones a re  a b o u t  200A a p a r t ,  i.e ., a b o u t 50 
a to m ic  d is ta n ce s . S y k es  (d iscussion  of 162) 
su ggested  t h a t  th e  firs t m ax im u m  on th e  tim e- 
h a rd n e ss  cu rv e  (F ig . iS) w as  d u e  to  th e  g ro w th  
o f th e  G -P  zones, a n d  t h a t  d u r in g  th e  fla t 
p o rtio n  th e  b igger a g g re g a tes  g rew  a t  th e  expense  
o f th e  sm all ones. F u r th e r ,  th a t  th e  second 
m a x im u m  w as d u e  to  th e  fo rm atio n  of 6'  a n d  
th e  d ro p  a f te r  th e  second  m ax im u m  to  th e  
g ro w th  of O'. G a y le r  a n d  P a rk h o u s e  w ere 
u n a b le  to  d e te c t  s igns o f 6 u n til a f te r  th e  second 
m a x im u m , in w h ich  c ase  tru e  p re c ip ita tio n  is 
he re  a cc o m p a n ie d  b y  a  so ften ing .

I t  will be seen th a t  i t  is m u c h  m ore sim p le  
to  e x p la in  th e se  h a rd n e ss -tim e  c u rv e s  on  th e  
b a sis  th a t  th e  G -P  zones a re  d is t in c t  from  
th e  0 ' p h a se , since  if O' is p re c ip ita te d  in itia lly  
th e  c au se  of th e  tw o  s tag e s  in th e  h a rd e n in g  p r o 
cess is o b scu re  since O' does n o t o ccu r b efo re  th e  
second  m a x im u m . I t  m a y  be  p o in te d  o u t th a t  
o n ly  a  few re su lts  of X -ra y  d iffra c tio n  e x p e r i
m e n ts  w ere  g iven  in th is  p a p e r1*3 a n d  th e se  d id  
n o t a llow  a  c o rre la tio n  b e tw een  s tru c tu re  a n d  
th e  ea r ly  p ro p e r ty  ch an g es . T h e  re la tio n  
b e tw een  th e  size o f th e  G -P  ag g re g a tes , th e  
a m o u n t of s tra in  a t  th e  in te rfac e , th e  d is ta n c e  
b e tw ee n  th e m  on  th e  one  h a n d , a n d  th e  p ro 
p e rtie s  on  th e  o th e r , is v e ry  co m p lex , a n d  an  
ex p e r im e n ta l in v e s t ig a tio n  is d esirab le .

T h e  th e o ry  of F in k  a n d  S m ith  on  d o u b le  
ageing  p e ak s  h a s  b een  c ritic iz ed  e lsew here . 
W h ile  i t  is now  possib le  t h a t  6' is a c tu a lly  
fo rm ed  on ag e in g  a t  room  te m p e ra tu re , a s  firs t 
su g g ested  b y  F in k  a n d  S m ith , i t  m u s t be  no ted  
t h a t  th is  d e d u c tio n  w as  b a se d  on  th e  in co rrec t 
in te rp r e ta t io n - of in e ta llo g ra p h ic  w o rk  a n d  th e  
c ritic ism  o f th e i r  th e o ry  a s  to  th e  c au se  of 
d o u b le  ag e in g  p e ak s  s till ho lds.

* W r i t te n  in  su m m e r  of 1 9 4 2 .  See  A p p e n d ix ,
t  See a lso  r e c e n t  w ork  of lT um e R o th e ry , F ry e  J r .

e t  al.*1*, ***
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A le x a n d e r  (d iscussion  of 95) su ggested  th a t  
d o u b le  ag e in g  p e ak s  w ere  e lu sive  an d  tra n s ito ry  
in  n a tu re ,  b u t  th e  carefu l w ork  of G a y le r  a n d  
P a rk h o u s e  show s th a t  th e y  h a v e  a  v e ry  d e fin ite  
e x isten ce . I t  is u su a lly  im possib le  to  o b ta in  th e  
tru e  ag e in g  c u rv e  on  th e  re su lts  of single  te s ts , 
as  th e  s c a t te r  o f re su lts  is to o  g re a t; i t  is 
n e cessa ry  the re fo re  to  ta k e  th e  a v e rag e  of a  
n u m b e r  of te s ts . T h is  m a y  a cc o u n t fo r th e  
d ifficu lties  t h a t  som e in v e s tig a to rs  h a v e  ex p eri
enced  on th is  p o in t. A lso  som e of th e  p u b 
lished  in fo rm a tio n  is open  to  c ritic ism  on o th e r  
p o in ts ;  m e n tio n  h a s  a lre a d y  b een  m ad e  of 
s t r a ig h t  lines  d ra w n  th ro u g h  single  p o in ts  on  a 
g ra p h . A  n u m b e r o f a u th o rs  h a v e  p re sen ted

th e ir  tim e-p rop .erty  cu rv e s  on ly , w ith o u t in d i
c a tin g  th e  e x p e r im e n ta l p o in ts  on  w h ich  th e y  
w ere  based . S u ch  a  m e th o d  of p re se n ta tio n  
m ak es  i t  im possib le  to  assess th e  v a lid ity  of th e  
c u rv e , a n d  th e  v a lu e  of th e  p a p e r  is th e reb y  
serio u sly  d im in ish ed .

O ne im p o r ta n t  effect a b o u t w h ich  re la tiv e ly  
l i t t le  is k n o w n  is th e  reason  w h y  som e a llo y  
sy stem s  show  m u ch  sm alle r m ech an ica l p ro 
p e r ty  ch an g es  on  a g eh a rd e n in g  th a n  o th e rs . 
T h is  is, o f cou rse , b o u n d  up  w ith  cau se  fo r a n y  
in c rease  a t  all in  th e  m ec h an ica l p ro p e rtie s .

P re s to n  h a s  p o in te d  o u t t h a t  th e  L a u e  X -ray  
d iffrac tio n  p h o to g ra p h s  show  a  n u m b e r of 
u n ex p la in ed  effec ts .199 I t  is  h ig h ly  d esirab le
th a t  s im ila r  in v e s tig a tio n  be  ca rr ie d  o u t on  as 
m a n y  a llo y  sy s te m s  a s  possib le , a s  know ledge 
of th e  in itia l s tag e s  in  th e  p re c ip ita t io n  p rocess 
is v e ry  s c a n ty .

S im ila r ly  li t t le  t h a t  is fu n d a m e n ta l is know n 
a b o u t th e  c au se  of h e te ro g en eo u s  p re c ip ita tio n . 
I t  m a y  be  p o in te d  o u t  th a t  p re c ip ita tio n  n e arly  
a lw ay s  occu rs firs t in th e  g ra in  b o u n d a rie s ; th is

is e v id e n tly  becau se  th e  s tra in  energy  req u ired  
fo r th e  fo rm atio n  of a  n uc leus  is less th a n  w ith in  
th e  c ry s ta ls . A lth o u g h  g ra in  size m a y  a ffec t 
th e  so lid  so lu b ility  n o th in g  is know n o f th e  
d eg ree  of s u p e rsa tu ra tio n  th a t  is e x is te n t in th e  
g ra in  b o u n d a rie s  c o m p a re d  w ith  th a t  w ith in  
th e  c ry s ta ls . In  C u-F e  a llo y s  p re c ip ita tio n  s ta r ts  
in th e  g ra in  b o u n d a rie s , a lth o u g h  th ese  w ould  
b e  e x p ec te d  (on  su rface  energy  g ro u n d s) to  be 
low  in iro n  co m p ared  w ith  th e  c ry s ta ls  th e m 
selves. A lso  1;his p re c ip ita te  is ^ ferrom agnetic  
from  th e  s ta r t ,  b u t  in th e  c ry s ta ls  a  p a ra 
m ag n e tic  form  is f irs t p re c ip ita te d . I t  w ould  be 
in te re s tin g  to  follow  th is  p rocess b y  L au e  
p h o to g ra m s. T h e  w rite r  suggests  th a t  i t  is 
possib le  t h a t  h e te ro g en eo u s _ p re c ip ita tio n  is 
fa v o u re d  by  a  h igh  a c t iv a tio n  energy  fo r th e  
fo rm atio n  o f nuc le i w ith in  th e  c ry s ta ls , a n d  th a t  
th is  is d ec rea sed  in th e  b o u n d a ry  be tw een  th e  
o rig in a l a n d  u n d ecom posed  solid so lu tio n . I t  
a lso  seem s p ro b a b le  th a t  th e  size a n d  com 
p le x ity  o f th e  nu c leu s  s tab le  a t  a n y  g iven 
ag e in g  te m p e ra tu re  p la y s  an  im p o r ta n t 'p a r t  in 
d e te rm in in g  th e  ty p e  of p re c ip ita tio n .*  S m all 
s im p le  nuc le i (C u-B e a llo y s  w ould  be ex p ec ted

Fig. 63.—Uppermost diagram : first stage in imaginary 
precipitation process. Nucleus (" black " atoms) has 
begun the_ movement which ultimately will transform it 
to the lattice of the precipitate. Straining of “ bonds " 
at interface is shown, together with the fact that 
adjacent matrix ("white " atoms) are somewhat dis
placed. Centre: intermediate meta-stable transition. 
Lattice straining of atom " bonds" at interface is more 
severe. Atom displacement in matrix is more severe 
and more extensive. Although not shown in the 
diagram, the lattice of the nucleus will also be dis
torted by strain. Bottom: final stage in precipitation 
process. The nucleus has now assumed the lattice of 
the equilibrium phase. There is maximum straining of 
atom " bonds " at the interface and maximum distor

tion of lattice in both matrix and nucleus.152

to  g ive a  co m p lex  one) w ould  be  ex p ec te d  to  
p re c ip ita te  eas ily  w ith o u t th e  a d d ed  in d u ce 
m e n t of la t t ic e  s tra in . A lso th e  d isco n tin u o u s  
ty p e  o f p re c ip ita tio n  w ould  be  fav o u re d  w hen 
th e  ch an g e  in  free energy  acco m p a n y in g  th e  
p re c ip ita tio n  is sm all a n d  d o es  n o t p ro d u ce  a  
la rg e  d riv in g  force, su ch  m ay  be  th e  case  in th e  
Ag-Cu an d  C u-A g alloys. H ow ever, th e  ab o v e  
is h y p o th e tic a l  a t  p re s e n t a n d  e x p erim en ta l 
in v e stig a tio n s  a re  re q u ire d .

A n u m b e r of th e  e tch in g  effects n o ted  by  
G a y le r '62 a re  v e ry  d ifficu lt to  ex p la in , e .g ., 
th o se  illu s tra te d  in  F ig . 4.

T h e  re su lts  of in v e s tig a tio n s  in to  c h a n g es  in 
th e rm a l p ro p e rtie s  a cc o m p a n y in g  p re c ip ita tio n  
w ere d esc rib e d  in d e ta il b e cau se  th e ir  fu n d a 
m en ta l s ignificance is co n sid e rab le . I t  w as 
c a lcu la te d  b y  S w indells  a n d  S y k e s12* from  th e  
S T  (in s ta n ta n eo u s  a p p a r e n t  specific h e a t-tem - 
p e ra tu re )  c u rv e  fo r A g-C u a llo y s  th a t  a t  m a x i
m um  h a rd n e ss  th e  m in im u m  lin e a r  d im en sio n s  
of th e  c o p p e r  p a rtic le s  a re  20 a to m ic  d is tan ce s , 
a lth o u g h  th e  a c c u ra c y  of th is  c a lcu la tio n  is no t 
g re a t.

T h e  re su lts  of th e rm a l m e a su rem en ts  on  C u-B e 
a llo y s190 h a v e  been  co m p ared  w ith  th e  th e o ry  
of B ecker. T h e  v a lu e  o f th e  a c t iv ita t io n  energy 
Q  in  th e  fo rm u la  fo r th e  freq u en c y  o f nuclei

* D e h lin g e r  (v ide ref. 2 1 4  b ib lio g ra p h y )  h a s  s u g 
g e s te d  t h a t  h e te ro g e n e o u s  p r e c ip i ta t io n  o ccu rs  w hen  
th e r e  is a  la rg e  d iffe ren ce  b e tw een  th e  sizes  of th e  
so lv e n t a n d  s o lu te  a to m s.
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fo rm atio n  c an  be  d e te rm in e d  ro u g h ly  from  th e  
specific h e a t  m e a su re m e n ts . W h en  th e  deg ree  
o f s u p e rsa tu ra tio n  is g re a t, th e  w o rk  d o n e  to  
fo rm  a  s ta b le  n u c leu s  m a y  b e  p u t  e q u a l to  zero. 
T h e  b e h a v io u r  of th e  a llo y  is th e n  consid e red  
as b e in g  d e te rm in e d  e n tire ly  b y  d iffusion . T h e  
p ro b a b il i ty  t h a t  tw o  a d ja c e n t  a to m s  w ill c h an g e  
p laces  d u r in g  a n  a to m ic  o sc illa tio n  eq u als  
e  ~ Q/IiT a n d  th e  frac tio n  of a to m s  ch an g in g  
p laces  p e r  second  is ve  -  Q/h t , w h ere  v  is th e  
freq u e n cy  o f a to m ic  v ib ra tio n  (a b o u t 10”  
tim e s /se c o n d ). A t 120 d eg rees  C ., i.e ., 400 
deg rees  A , ve  -  Q/RT =10-* (w ith  Q =  .(o,ooo c a l) , 
b u t  befo re  a n y  a p p re c ia b le  effects co u ld  be 
o b se rv ed  e x p e r im e n ta l ly  th is  v a lu e  w o u ld  need  
to  be in c rea se d  to  a b o u t 10 •'

J o n e s  a n d  L e a ch  e s tim a te  t h a t  th e  v a lu e  o f Q 
re q u ire d  to  m a k e  B e c k e r’s  fo rm u la  fit  th e  
ex p e r im e n ta l ev id en ce  o f th e  S T  c u rv e s  w ou ld  
be  31,000 cal. W h erea s  fo r c o p p e r  Q  =  40,ooo 
ca l a n d  th is  v a lu e  sh o u ld  be  fa irly  a c c u ra te  
fo r d ilu te  so lu tio n s  a lso . I t  w as  su g g ested  th a t  
th e  d ifference  m a y  be  d u e  to  v a ria tio n s  in  th e  
v a lu e  o f Q  a s  p re c ip ita tio n  p ro ceed s , o r  to  som e 
effect o th e r  th a n  t h a t  co n sid e red  b y  B eck er. 
T h e  a c t iv a tio n  energy  Q m a y  b e  red u c ed  b y  
la t t ic e  d is to r tio n  in  sm all reg ions  w here , d u e  to  
flu c tu a tio n s , th e  c o n c e n tra tio n  of so lu te  
a p p ro a ch e s  t h a t  o f th e  p re c ip ita te d  phase .

T h e  c au se  of th e  a n o m a lo u s  b e h a v io u r  o f  th e  
ST  c u rv e  fo r  a g eh a rd e n e d  A l-Cu a llo y s  in  th e  
ran g e  140-220  ̂ d eg rees  C. (w here in  en erg y  is 
ab so rb ed ) is  d iscu ssed  b y  S w inde lls  a n d  S y k es’2* 
on  th e  b a sis  o f P re s to n 's  X -ra y  d iffra c tio n  w o rk .

T im  e q u ilib riu m  s ta te  of th e  4 p e r  c e n t. Cu 
a llo y  is th a t  in  w h ich  th e  m a jo r i ty  of th e  co p p e r  
is p re s e n t a s  C uA L p a rtic le s . T h e  m a te ria l, a s  
h a rd e n e d  a t  room  te m p e ra tu re ,  is ¡11 a  m e ta 
s tab le  s ta te .  T h u s  th e  free  en erg y  o f th e  h a rd  
a llo y  a t  room  te m p e ra tu re  is n o t th e  m in im u m  
v a lu e . T h e  re la tio n  b e tw een  free  en erg y  F , 
in te rn a l  energy  U  a n d  e n tro p y  S is g iven  by  

F  =  U  -  T S  w h e re  T  is th e  
te m p e ra tu re  in  "A.

T h e  te m p e ra tu re  d e p e n d e n t p a r ts  of F ,  U  a n d  S 
a re  ta k e n  c a re  of b y  th e  C p T  c u rv e , a n d  i t  w ill 
be  co n sid e red  t h a t  th e  v a rio u s  p a ra m e te rs  in 
th e  free en e rg y  e q u a tio n  a re  a ffe c ted  o n ly  by  
ch an g es  in  th e  s ta te  o f th e  a llo y .

R e fe rr in g  to  F ig . r r c ,  i t  is seen  t h a t  on  
h e a t in g  fron t room  te m p e ra tu re  th e  in te rn a l 
en erg y  U  is in c reasin g , s in ce  th e  a p p a r e n t  
specific  h e a t  S  is g re a te r  th a n  Cp, b u t  ’since  F  
c a n n o t in c rease , th e  e n tro p y  S m u s t a lso  be 
in c reasin g . T h e  m a x im u m  e n tro p y  o f a  solid  
so lu tio n  is o b ta in e d  w hen  i t  is c o m p le te ly  d is 
o rd e re d , th e re fo re  th e  in c rea se  in  e n tro p y  m ay  
b e  d u e  to  th e  d iso rd e rin g  of th e  h a rd  a llo y . 
T h is  m a y  b e  in te rp re te d  in  th e  lig h t o f th e  
n u c lé a tio n  th eo rie s . T h e  size o f  th e  n uc leus  
t h a t  is s ta b le  a t  one te m p e ra tu re  is sm alle r th a n  
th a t  s ta b le  a t  a  h ig h e r  te m p e ra tu re  a n d , since  
th e  free en e rg y  of a  p a r tic le  is a  fu n c tio n  o f its  
size, on  h e a t in g  th e  sm all nuc le i a re  red is 
so lved  w ith  a  d ec rea se  in  th e  o v era ll free  en ergy . 
I t  may’ b e  n o ted  t h a t  th e  a b so rp tio n  o f en erg y  
on h e a t in g  w as  g re a te r  th e  lo n g er th e  a llo y  h a d  
been  aged  a t  room  te m p e ra tu re .  T h e  h a rd e n in g  
p rocess a t  room  te m p e ra tu re  is a cc o m p a n ie d  b y  
th e  lib e ra tio n  o f en erg y  (as show n  b y  P o lish  
w o rk e rs ) , th is  is  d u e  "to th e  o rd e rin g  o f th e  
so lid  so lu tio n  b y  th e  fo rm a tio n  of G -P  zones.

In  s p ite  o f th e  e x ce lle n t a g re em en t fo u n d  
b e tw een  th e  a b so rp tio n  of en erg y  on  h e a t in g  th e  
ag ed  A l-C u a llo y s  a n d  th e  so ften in g  a cc o m p a n y 
ing  i t  (see F ig . n h ) ,  th e  a g re em en t in  o th e r  
a llo y  sy s te m s  is n o t so good. In  th e  case  of 
A g-C u a llo y s , C ohen  fo u n d 5* (F ig . 24) d o u b le  
ag e in g  p eak s , a lth o u g h  as p o in te d  o u t  by  
S w indells  a n d  S y k es  th e  effects w ere sm all, b u t  
n o  a b so rp tio n  o f en erg y  w as d e te c te d  on  h e a t in g  
Ag-Cu a llo y s . G a y le r ' found  no  re tro g ress io n  on 
re -age ing  A l-M g.S i a llo y s , a l th o u g h  th e  a b so rp 
tio n  o f en e rg y  sh o w n  b y  th e  S T  c u rv e  in d ic a te s  
t h a t  i t  sh o u ld  o ccu r, a n d  S w inde lls  a n d  S ykes  
fo u n d  tw o  m a x im a  on  th e  h a rd n e ss - te m p e ra tu re  
c u rv e . R ev ers io n  p h e n o m e n a  h a v e  a lso  b een  
fo u n d  in  C u-B e a llo y s , a lth o u g h  th e  effects w ere 
n o t large.*2. I t  c a n  h a rd ly  b e  su ggested  t h a t  
th is  re s u lt is n o t p re d ic te d  b y  th e  S T  cu rv es  
b ecau se  ag e in g  does n o t o ccu r in  th is  a llo y  a t  
room  te m p e ra tu re ,  since  J o n es  a n d  L e e c h 15* 
fo u n d  a n  a b so rp tio n  of en erg y  in  A l-A g a llo y s  
t h a t  do  n o t age  a t  room  te m p e ra tu re . I t  is 
d ifficu lt to  u n d e rs ta n d  w h y , if th e  d ip  in 
F ig . n c  a t  F  is d u e  to  th e  8' ch an g in g  to  8,

Fig. 64/—Colonies containing plates of y growing from 
the grain boundaries into a matrix containing pre
cipitated y'. The alloy consists of aluminium with 20 
per cent, of silver, aged six hours at 303 deg. C.223 
(Equivalent magnification inreproduction~640diams.)

a s  su g g ested  b y  S w indells  a n d  S y k es , th is  a llo y  
does n o t  show  th e  effects of g ro w th  of th e  
p a rtic le s  of p re c ip ita te  aS sh o w n  b y  th e  Ag-Cu 
an d  C u-B e a llo y s . T h e  cau se  o f th e  m in im a  in 
F igs. n f  a n d  g a t  C (in  F ig . n f )  is o b scu re .

O b je c tio n s  to  th e  s im p le  p re c ip ita t io n  th e o ry  
in  th e  case  of A l-C u a llo y s  h a v e  o ften  been  
b a sed  on  th e  in itia l in c rease  in e le c tr ica l re s is t
an ce  t h a t  occu rs  on  ag e in g  th e  q u e n ch e d  a llo y  a t  
room  te m p e ra tu re .  M o st w rite rs  h a v e  considered  
th a t  s u c h  a n  in c rease  is a n o m a lo u s . M ehl an d  
J e t  t e r 15 3 h a v e  su g g ested  t h a t  a n  in c rea se  in 
re s is ta n ce  on  p re c ip ita tio n  is an o m a lo u s  on ly  if 
i t  is  consid e red  th a t  a n  a llo y  co n sis tin g  of a 
finely  d iv id e d  p h a se  d isp erse d  th ro u g h o u t th e  
m a tr ix  h a s  th e  sam e  e le c tr ica l p ro p e rtie s  a s  an  
alloy^ in  w h ic h  th e  sam e  p h a se s  a re  p re s en t in 
m ass iv e  fo rm . M o tt (d iscussion  of 95) p o in ted  
o u t t h a t  from  th e  p o in t  o f v iew  o f w av e  
m e ch an ic  th e o ry , sm all p a rtic le s  sh o u ld  g ive  th e  
a llo y  a  v e ry  h ig h  re s is tan ce  w h en  th e ir  size is 
co m p a ra b le  w ith  th e  w a v e le n g th  a sso c ia ted  
w ith  th e  c o n d u c tin g  e lec tro n . T h is  size is
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given  a s  4 to  5 a to m ic  d is tan ce s . (T h is  is of 
th e  sam e  o rd e r  of size as th a t  g iven  by  P res to n  
fo r th e  size of th e  G -P  zones a f te r  n a tu ra l  
a geing .) F in k  a n d  S m ith 1”  h a v e  su ggested  th a t  
th e  in c rease  in  re s is ta n ce  passes th ro u g h  its  
m a x im u m  w h en  th e  m ax im u m  n u m b e r of 
p a rtic le s  p ossess th e  size e q u a l to  th e  w av e
le n g th  a sso c ia ted  w ith  th e  c o n d u c tin g  e lec tro n , 
th e  re s is tan ce  d ec rea s in g  w ith  fu r th e r  increase  
in p a rtic le  size.

H o w ev er, if i t  m a y  b e  a rg u e d  t h a t  a n  inc rease  
in re s is tan ce  is n o t an o m a lo u s  in  th is  sy s te m  i t  
re m a in s  to  b e  sh o w n  w h y  s im ila r increases  h a v e  
n o t been  re p o rte d  in  m o s t o th e r  sy s te m s  d u r in g  
lo w -te m p e ra tu re  ageing , since p re s u m ab ly  u n d e r 
som e ageing  co n d itio n s  (of tim e , te m p e ra tu re , 
c o n ce n tra tio n )  th e  size of th e  nucle i fo rm ed  w ill 
be co m p a ra b le  w ith  th e  w a v e len g th  a sso c ia ted  
w ith  th e  c o n d u c tin g  e lectron .

I t  seem s p ro b a b le  t h a t  th e  fo rm atio n  o f la t t ic e  
s tra in  a c c o m p a n y in g  th e  fo rm a tio n  o f nuc le i

Temperature ("K) no5
Fig. 65.—Effect of ageing temperature on the maxi
mum rate of dilatation of various aluminium- 

silicon alloys.222

p la y s  a n  im p o r ta n t  p a r t  in  c au s in g  th e  increase  
in re s is tan ce . H o w ev e r, th e  c o rre la tio n  be tw een  
th e se  tw o  effects is n o t a t  a l l  c lear.

I t  m u s t be  p o in te d  o u t t h a t  a lth o u g h  i t  is n o t  
necessa ry  to  re g a rd  th e  in c rease  in  re s is tan ce  a s  
a n  a n o m a ly , i t  c e r ta in ly  in d ic a te s  e ith e r  t h a t  
th e re  is a  fu n d a m e n ta l  d ifference  b e tw een  th e  
m ec h an ism  o f ag e in g  in A l-C u a llo y s  a n d  o th e r  
sy s tem s , o r  t h a t  som e s tag e  o f th e  p ro cess  is 
m u c h  m o re  s h a rp ly  d iffe ren tia te d  in  th e se  a lloys. 
I t  m a y  be  su g g ested  th a t  th e  a b n o rm a lity  is 
m o s t m a rk e d  in  A l-C u a llo y s  b ecau se  in o th e r  
sy s te m s  th e  p a rtic le s  of p re c ip ita te  b re a k  a w ay  
from  th e  m a tr ix  e i th e r  b efo re  a  h igh  d eg ree  of 
la t t ic e  s tra in  is re a ch e d  o r  b efo re  th e  size of 
th e  p a rtic le s  a p p ro a ch e s  th e  w av e len g th  asso 
c ia te d  w ith  th e  c o n d u c tin g  e lectron . In  such  a  
case, w h en  th is  size is reach ed , th e  p a rtic le s  
w o u ld  no  lo n g e r be c o n tin u o u s  w ith  th e  m a tr ix  
la t t ic e  a n d  m a y  th e re fo re  c au se  no  in c rease  in  
re s is tan c e . T h is  p o in t cou ld  p ro b a b ly  be 
ch eck ed  b y  c a lcu la tio n s  s im ila r to  th o se  of 
N a b a r ro .1’*

T h e  d i la ta t io n  ch an g es  in A l-Cu a llo y s  a re  
a b n o rm a l, e ven  if th e y  a re  n o t consid e red  
an o m a lo u s . F in k  a n d  S m ith  (d iscuss ion  o f 172) 
b e liev e  t h a t  th e y  c an  be  e x p la in ed  on th e  b a s is

of p re c ip ita tio n  of $' a t  room  te m p e ra tu re .  
U sin g  P o isso n 's  fo rm u la  th e y  c a lc u la te  th e  
p ro b a b le  n u m b e r o f g ro u p s  c o n ta in in g  a  to ta l  
of 16 a to m s  w ith  v a ry in g  p ro p o r tio n s  of C u : A 1 
in  1 m m .J o f a  4.7S p e r  c en t. C u a llo y  (94 a to m s  
o f A l, tw o  a to m s  o f C u ). F ig . 60 show s th e  
re la tio n  be tw een  th e  g ro u p  of 16 a to m s  (w ith  
C u  to  A l a s  1 is to  3) in th e  so lid  so lu tion  
(F ig . 60a) a n d  th e  g ro u p  o f 12 a to m s  (F ig . 
60b), fo rm in g  th e  u n i t  cell o f 6'-, fo u r  o f th e  
a lu m in iu m  a to m s  a re  lost, acco rd in g  to  th is  
m ech an ism , from  th e  so lid  so lu tio n  la tt ic e  w hen  
i t  tra n s fo rm s  to  6'.

T h e  vo lum e of a  16-atom  g ro u p  in  th e
m a tr ix  =  5.7 x  5.7 x  S.06 =  26i .S7As (a)

T h e  v o lu m e  o f 1 u n it  cell of 6' =  5.7 x

5-7 x  5-8 =  1SS.44.V (b)
T h e  v o lu m e  o f a  4 -a tom  g ro u p  in th e  

m a tr ix  =  4.03 x  4.03 X 4.03 =  64 .45As (c)
T h e  d ecrease  in  v o lu m e  on  th e  fo rm a tio n  of 1

u n i t  cell o f 6' =  (a  -  (b  +  c) ) =  7.9SA’ 
W ith  14 x  1011* 16-atom  g r o u p s /m m ./  .present 

on q u en ch in g , e ach  co n ta in in g  4 a to m s  o f co pper, 
th e  d ec rea se  in  vo lu m e  d u r in g  p re c ip ita t io n  is

14 X 10”  x  7.98 =  11.2 x  io 15A J/m m .s
=  11.2 x  10-8 m m .’ /m m .*  

T h is  g ives a  ch an g e  in  le n g th  of
3.73 x  io-8 m m ./m m . 

W ith  17 x  10'"* 16-atom  g ro u p s /m m .3 each  
lack in g  one c o p p e r a to m  (assu m in g  th a t  th is  is 
su p p lied  b y  d iffu sio n ) , th e  d ecrease  in  le n g th  on 
p re c ip ita tio n  o f th e se  g ro u p s  is 45.2 X 10-' 
m m ./m m ., o r a b o u t 70 p e r  c en t, o f th e  to ta l  
ch an g e . (See F ig . 39.)

F ro m  th e  a b o v e  F in k  a n d  S m ith  con clu d e  
t h a t  th e  vo lu m e  c h an g e  c an  be  e x p la in ed  w ith 
o u t b r in g in g  in  th e  fo rm atio n  of new  g ro u p s  of 
a to m s  a t  th e  ag e in g  te m p e ra tu re  b y  ch an c e  
d iffusion . T h e  ca lcu la tio n s  a re  based  on  th e  
ta c i t  a ssu m p tio n  th a t  th e  c o n s ta n t la t t ic e  p a r a 
m e te r  in d ic a te s  th a t  th e re  is n o  ch an g e  in  th e  
d e n s ity  of th e  m a tr ix  d u rin g  ro o m -te m p e ra tu re  
ageing .

H ow ever, i t  does  n o t  seem  possib le  to  reconcile  
th is  s ta te m e n t  w ith  th e  th e o ry  o f F in k  a n d  
S m ith  t h a t  th e  ch an g e  in  e lec trica l re s is tan ce  is 
d u e  to  th e  v a r ia t io n  in th e  size o f th e  nuclei, 
since  i t  seem s u n lik e ly  t h a t  reg ions co n ta in in g  
th e  r ig h t  p ro p o r tio n s  o f c o p p er a n d  a lu m in iu m  
a to m s  w ou ld  fa il to  tran sfo rm  as a  w hole , an d  
if th e  v a ria t io n  in  th e  size o f th e  g ro u p s is d u e  
to  d iffusion , th e n  new  g ro u p s w ould  a lso  be 
fo rm ed  by  diffusion . A lso, i t  is to  be  n o ted , 
P r e s to n 1”  s ta te s  t h a t  th e  X -ra y  d iffrac tio n  
s tu d y  of a  s ing le  c ry s ta l o f a n  A l +  4 p e r  c en t. 
C u  a llo y  in d ic a te s  t h a t  a f te r  th re e  d a y s ’ n a tu ra l  
ageing  a ll th e  G -P  a g g reg a tes  a re  n o t d isp ersed  
on re v e rtin g  a t  200 deg rees  C ., th e  la rg e r  ones 
rem a in . T h u s  w hile  th e  c o rre la tio n  b e tw e e n  th e  
vo lu m e  c h an g e  a n d  th e  n u m b e r o f ,16-atom  
g ro u p s (w ith  a to m s  in  th e  ra tio  C u : 3A 1) is 
good, i t  re p re sen ts  a n  o v e r-s im p lifica tio n  of th e  
p rocess.

O n  th e  b a s is  o f th e  d ila to m e te r  c h an g e  a n d  
usin g  th e  la t t ic e  p a ra m e te r  m e a su rem en ts  g iven  
a b o v e  i t  is  possib le  to  d e te rm in e  th e  p e rc en tag e  
o f c o p p e r  a to m s  a c tu a lly  p a r tic ip a tin g  in  th e  
fo rm a tio n  o f G -P  zones a t  room  te m p e ra tu re .

* T h e se  f ig u re s  a r e  c a lc u la te d  from  P o is so n 's  fo rm u la .



404 LICHT METALS August, 1944

A s a n  ex am p le  th e  w rite r  has m ad e  th e  fo llow 
ing  c a lcu la tio n :—

T a k in g  th e  c o n tra c tio n  o f a  4 p e r  c en t. Cu 
a llo y  a t  30 deg rees  C. a f te r  1,000 h ou rs .

a s  70 X io -‘ m m ./m m . (F ig . 39)
th is . is  e q u iv a le n t to  210 x  io-s i i in i . '/m in  ’O '
o r  210 x  io ,3A3/m m .3

T o  p ro d u ce  th is  v o lu m e  ch an g e , th e  n u m b e r 
o f 16-atom  g ro u p s /m m .3 each  c o n ta in in g  4 a to m s  
of co p p e r is

210 x  IQ13 
7-9S

N u m b e r  of co p p e r  a to m s  in v o lv ed  
_  210 x  4 x  io*5 

7 -9S ^
65-45A’ of th e  solid  so lu tio n  c o n ta in s  4 a to m s  

1 ra n t.3 of th e  so lid  so lu tio n  c o n ta in s
4 x io al

   a to m s
f>5.45

1 m m .’ o f th e  solid  so lu tio n  c o n ta in s  
4 x  io ’1 x  4 x  2

tr- a  2s j j

- T '"Ar :

(.5 .45 x  4.7S x  94 a to m s  o f c°P P er
T h u s  th e  p e rc en tag e  of th e  co p p e r  a to m s  

a c tu a lly  p a r tic ip a tin g
4 X2iox ro l’ x 6 5 .4 5 X4 .7 8 x 94x100

7 .9 8 X 4 x i o ’ l X 4X 2 p e r  c c n t '
i.e ., a p p ro x im a te ly  10 p e r  cen t.*

A s im ila r figure  h a s  been  g iv en  b v  P r e s to n 1”  
b a sed  on  X -ra y  d a ta ,  a l th o u g h  d e ta ils  as  to  th e  
m e th o d  used  w ere lack in g . T h e  ch an g e  in  size 
o f th e  nu c le i d u r in g  ro o m -te m p e ra tu re  ag e in g  
does n o t a ffec t th e  a b o v e  c a lcu la tio n , s ince  th e  
nuc le i size is a lw ay s  a  sim p le  m u ltip le  o f th e  
size o f th e  16-atom  group .

W eight %  Cu.

Fig. 66.—Solubility curves for 0, 6\ 0‘" (the G-P 
zones) in aluminium-copper alloys, derived from 

heating curves of quenched specimens.^

0.01 0.02 x

Fig. 67.—Diagram for the determination of the 
energy constants for t̂he equations of the solubility 

curves given in Fig. 66.225

T h e  p e rc en tag e  o f a to m s  in v o lv e d  in  th e  p re 
c ip ita t io n  a t  room  te m p e ra tu re  is th u s  
16 x  210 x  io 15 x  65:45 X 100

7 .9 8 X 4 X io *i =  o .6 p e r c en t.-F  a p p ro x .

I t  is n o t to  be  e x p ec te d  t h a t  th e  p resen ce  of 
th e  firs t fo rm ed  nu c le i w ould  be v isib le  in  th e  
D eb v e-S ch erre r p h o to g ra m , since th e  in te n s ity  
o f th e  d iffrac ted  ra y s  w ou ld  be  v e ry  w eak . 
T h a t th e  in it ia l  G -P  zones d o  n o t  c au se  a  ch an g e  
in  th e  la t t ic e  p a ra m e te r  a s  a  w ho le  is re ad ily  
u n d e rs ta n d a b le , b u t  i t  is  d iff icu lt to  ex p la in  
w h y  a  d e fin ite  e tc h in g  effect, a s  th o u g h  d u e  to  
p re c ip ita tio n  (F ig . 4 ), is v is ib le  lo n g  before  
a n y  ch an g e  in  p a ra m e te r  c an  be  d e te c te d . T h e  
la tt ic e  s tra in  b e tw een  th e  0’ a n d  th e  m a tr ix  
w ill to  som e e x te n t  h e lp  to  c o u n te ra c t  a n y  
te n d e n cy  to w ard s  c h an g e  of p a ra m e te r .  A lso  
tile  la t t ic e  p a ra m e te r  w ill n o t  n e cessa rily  be 
a lte re d  m e a su ra b ly  if th e  reg ions d e p le te d  in 
c o p p e r  a re  ex tre m e ly  sm all in  v o lu m e  (i e 
im m e d ia te ly  s u rro u n d in g  th e  G -P  zones), a n d  a s  
show n  a b o v e  o n ly  a  v e ry  sm all p ro p o r tio n  of 
th e  a to m s  p ro b a b ly  ta k e  p a r t  in  th e  p rocess.

F a c to rs  A ffec ting  th e  R a te  o f A g eh ard en in g  
a n d  th e  M ag n itu d e  of th e  P ro p e r ty  C hanges. 
L i t t le  t h a t  is fu n d a m e n ta l  is k n o w n  a b o u t th e  
c au se  o f th e  effect o f th e  v a rio u s  fac to rs  
d e sc rib ed  in th e se  pages' on  ra te  o f a g eh a rd en - 
in g  a n d  m a g n itu d e  o f th e  p ro p e r ty  ch an g es  
t h e  w hole  s u b je c t  h a s  b een  v e ry  m u c h  n eg lec ted  

a n d  w ou ld  re p a y  d e ta ile d  e x a m in a tio n . T ile  
in c u b a tio n  pe rio d  is  a  p a r t ic u la r  e x am p le  of 
th is . I t  m a y  b e  su g g es ted  t h a t  th e  in c u b a tio n  
p e rio d  is a  fu n c tio n  o f th e  t im e  ta k e n  b y  th e  
q u e n ch ed  so lid  so lu tio n  to  red isso lve  th e  sm all 
nuc le i a n d  fo rm  nucle i a b o v e  th e  c ritic a l size 
w h ich  a re  a b le  to  p re c ip ita te . I t  m ig h t be 
possib le  to  ex p la in  th e  in c rea se  in  d u c ti l i ty  
s h o r tly  a f te r  q u e n c h in g  o n  th is  b a s is . W hile  
th e  re lie f o f in te rn a l s tre ss  m a y  c au se  th e  
d ila t io n  effect n o te d  in  p u re  a lu m in iu m  th e  
rise  in  d u c t i l i ty  w ou ld  h a rd ly  be  d u e  to  a  
s im ila r  cau se ; th is  co u ld  be p ro v e d  b y  ta k in g  
tim e  d u c t i l i ty  cu rv e s  on  p u re  a lu m in iu m  te^ t 
pieces.

v a û ®s . a,re  P r ° h a b ly  a n  u n d e re s t im a te  .as  
th e r e  1» no  c e r ta in ty  t h a t  th e  l a t t ic e  s p a c in g  o f th e  

a g g re g a te s  is  n e c e s s a r ily  e x a c tly  t h a t  of th e  O’ : 
w h en  th e  O' is very  s m a ll  i t s  l a t t ic e  w ill p ro b a b ly  be 
d i s to r te d  by  th e  s u r ro u n d in g  m a tr ix .
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T h e  e x a c t sign ificance  of th e  ex p o n en tia l 
re la tio n sh ip s  b e tw een  th e  ageing  te m p e ra tu re  
an d  th e  tim e  to  re a ch  c e r ta in  p o in ts  o n  th e  
ag e in g  c u rv e s  is n o t q u ite  c lear. T h e  ra te  of 
d iffusion  possesses a  s im ila r  re la tio n ; how ever, 
th e  a g eh a rd e n in g  does n o t d e p e n d  so lely  on  th e  
ra te  of d iffu sion  since  fa c to rs  su ch  a s  p a rtic le  
size a n d  th e  fo rm atio n  of s tra in  b e tw een  th e  
p a rtic le  a n d  th e  m a tr ix  p la y  a n  im p o r ta n t  p a r t .  
A lso th e  h a rd n ess , w h ich  is u su a lly  m easu red , 
is n o t a  fu n d a m e n ta l p ro p e rty  of th e  m a te ria l. 
I t  m a y  be n o te d  th a t  in  th e  case  of th e  tim e  
to  th e  first m ax im u m  on th e  tim e -h a rd n ess  
c u rv e  (F ig . 28) G ay le r a n d  P a rk h o u s e  d id  n o t 
o b ta in  a  s t ra ig h t  line re la tio n sh ip  b e tw een  th e  
rec ip ro ca l o f th e  a b so lu te  te m p e ra tu re  a n d  th e  
tim e  req u ired , a lth o u g h  th is  m a y  to  som e e x te n t 
be  because  m ax im u m  h a rd n e ss  w as n o t reach ed .

W h ile  i t  is a p p a r e n t  t h a t  th e  passag e  of an  
e lectric  c u rre n t does n o t a ffec t th e  final p ro 
p e rtie s , th e re  is n o  ev id en ce  a s  to  its  possib le  
effect on  th e  ra te  o f ageing , a lth o u g h  th is  w ould  
p re s u m a b ly  n o t  be g re a t. A n a u th o r i ta t iv e  
p a p e r  d ea lin g  w ith  th e  effect of ro ta tin g  
m a g n e tic  fields w ou ld  be w elcom e a s  th e  
p re s e n t know ledge  is in  a  v e ry  con fused  s ta te .

T h e  p h en o m en o n  of rev e rs io n  h a s  b een  c ited  
b y  a  n u m b e r of w rite rs  a s  ev id en ce  th a t  th e  
process of ag e in g  in A l-Cu a llo y s  is d iffe ren t 
from  th a t  in  o th e r  sy s tem s . R eferen ce  has 
a lre a d y  b een  m a d e  to  th e  d isc rep an c ie s  in th e  
e x p e r im e n ta l in fo rm a tio n  a v a ila b le . M asing 
a n d  K och  in te rp re te d  th e ir  re su lts  in  th e  l ig h t 
o f th e  h y p o th e s is  of V olm er a n d  W eber, th a t  
eac h  te m p e ra tu re  possesses its  c r itic a l nuclei 
size, a n d  nuc le i sm a lle r th a n  th is  a re  red isso lved  
on h e a t in g  since th e ir  free  en erg y  is g re a te r  
th a n  t h a t  o f th e  o rig in a l p h ase . T h e  d ire c t 
ex p e r im e n ta l w o rk  of P re s to n  h a s  g iven  th e  
cau se  a s  be ing  d u e  to  th e  re so lu tio n  of th e  G -P  
zones fo rm ed  on  ageing  a t  th e  low er te m p e ra tu re , 
an d  th e  w o rk  o f S w indells  a n d  S y k es  confirm s 
th is . T h e  G -P  a g g re g a tes  a re  c o n tin u o u s  
w ith  th e  m a tr ix , e x p e r im e n ta l ev idence  is la c k 
ing  in th e se  a llo y s  (A l-Cu) a s  to  w h e th e r  
rev e rs io n  m a y  be  fo u n d  w hen  th e  size of th e  
p re c ip ita te  is fa irly  la rg e  a n d  O' d e fin ite ly  
p re sen t. T h e  re trog ress ion  found  b y  K o c h  an d  
M asing  a f te r  "  h o t ”  ageing  is to  be ex p ec ted  
a s  th e y  aged  fo r on ly  one h o u r a t  100 deg rees  C. 
before  re v e rtin g . T h e  h a rd e n in g  o f C u-B e 
a llo y s  is g en era lly  ta k e n  to  b e  d u e  to  a c tu a l 
p re c ip ita tio n , in w h ich  case  th e  p a rtic le s  of 
p re c ip ita te  w ill possess a n  in te rface  w ith  th e  
m a tr ix . T h a t  reve rs ion  o ccu rs  in th e se  a lloys  
is n o t d ire c t  ev id en ce  th a t  a re a s  an a lo g o u s  to  
G -P  zones in th e  A l-Cu a llo y s  a re  a c tu a lly  
fo rm ed . X -ra y  d iffrac tio n  in v e s tig a tio n s  a re  
re q u ire d  to  p ro v e  th is  p o in t. I t  is p ro b a b le  
th a t  w h e th e r  o r n o t rev e rs io n  is d e te c te d  is a 
fu n c tio n  of th e  ra te  o f g ro w th  of th e  p a rtic le s  
p re c ip ita te d  a t  th e  low er te m p e ra tu re , even 
p a r tic le s  t h a t  h a v e  b ro k en  a w a y  from  th e  la t t ic e  
of th e  m a tr ix  w ill s till possess su rface  energy  
a n d  sh o u ld  the re fo re  b e h a v e  a s  p re d ic te d  by  
V olm er a n d  W eber, b u t  w h ere  th e  ra te  of 
g ro w th  o f th e  p a rtic le s  is la rg e  -the c ritic a l 
p a rtic le  size co rre sp o n d in g  to  th e  h ig h e r te m 
p e ra tu re  m a y  be  exceeded  b efo re  th e  te m p e ra 
tu re  is ra ised .

T h e re  seem s to  be no  p u b lish ed  in fo rm atio n  
d e a l in g  w ith  th e  effect o f reversion  on  th e  
e tc h in g  c h a ra c te r is tic s  of A l-Cu alloys. I t

w ould  be of c o n sid e rab le  in te re s t to  e x am in e  
th is  p o in t, since som e in d ica tio n  w ould  p ro b a b ly  
be o b ta in e d  a s  to  w h e th e r  th e  p re c ip ita te  w ith in  
th e  g ra in  b o u n d a rie s  is a lso  d ispersed  a s  w ell 
a s  th e  p re c ip ita te  w ith in  th e  c ry s ta ls  th e m 
selves. S o lu tio n  p o te n tia l m e a su re m en ts  m a y  
also  b e  e ffec tive  in c learin g  u p  th is  p o in t.

T h e  e x p e r im e n ta l ev idence  now  a v a ilab le  
d isposes of th e  “  o v erag e in g  th e o ry  ” of re v e r
sion  in fa v o u r of th e  th e o ry  based  on  th e
ex is ten ce  of a  c ritic a l nuc le i size (as  d e sc rib ed  
a b o v e ) . A cco rd ing  to  th e  "  ove rag ein g  th e o ry ,”
p re -p rec ip ita tio n  is g iv en  a s  th e  cause  of room -
te m p e ra tu re  ag eing . O n ra is in g  th e  te m p e ra tu re  
th e  f irs t effect is to  c au se  a c tu a l  p re c ip ita tio n  of 
a ll th e  regions in w h ich  th e  p re -p rec ip ita tio n  
ha s  o c cu rred , th is  be ing  acco m p an ied  b y  so ften 
ing . O n fu r th e r  ageing  a t  e le v a te d  te m p e ra tu re  
th e  p re -p rec ip ita tio n  effect occu rs ag a in  an d  
leads  to  th e  increase  in h a rd n e ss  w h ich  is finally  
fo llow ed b y  so fte n in g  d u e  to  p re c ip ita tio n  an d  
coalescence. T h is  is, h ow ever, d isp ro v e d  b y  a 
n u m b e r of fa c ts : (i) X -ra y  d a ta ,  (ii) H a rtn a g e l 
fo u n d  no v a ria tio n  from  th e  e lec tr ica l re s is ta n ce  
of a ir-coo led  spec im ens 011 reversion , a n d  if th e  
o v erag e in g  th e o ry  w ere  co rre c t a  d r i f t  in  th e  
re s is tan ce  of th e  re v e rte d  a llo y  w ou ld  be 
a p p a re n t ,  (iii) th e  o v e rag e in g  th e o ry  p re d ic ts  a  
d ecrease  in in te rn a l  energy  on  re v e rtin g , w hereas  
S w indells  a n d  S y k es  found  a n  in crease  in  th e  
a p p a r e n t  in s ta n ta n e o u s  specific h e a t  on  h e a tin g  
n a tu ra lly  aged  spec im ens.

T h e re  seem s to  be no  p u b lish e d  in fo rm a tio n  
a v a ila b le  a s  to  possib le  ch an g es  in p ro p e rtie s  on  
n a tu ra l  ag e in g  a f te r  a n  a rtif ic ia l ageing  t r e a t
m e n t. A s in d ic a ted  before , o n ly  a  few  o f th e  
co p p e r  a to m s  ta k e  p a r t  in  th e  p re c ip ita tio n  
p rocess a t  room  te m p e ra tu re ,  ev en  assu m in g  th a t  
m ore  th a n  50 p e r  c en t, of th e  co p p e r  a to m s  a re  
p re c ip ita te d  in th e  fo rm  of la rg e  G -P  zones 
d u r in g  a n  a rtif ic ia l ageing  tre a tm e n t,  i t  seem s 
possib le  th a t  a  fu r th e r  p re c ip ita tio n  w ill o c cu r 
o n  s ta n d in g  a t  room  te m p e ra tu re  b y  th e  fo rm a 
tio n  of G -P  a g g reg a tes  below  th e  c ritic a l size 
c o rresp o n d in g  to  th e  e le v a te d  te m p e ra tu re . 
E v e n  if on ly  20 p e r  c en t, of th e  co p p e r  a to m s  
rem a in  in  th e  so lid  so lu tio n , p re c ip ita tio n  o f h a lf 
o f th ese  w ou ld  a ffec t th e  p ro p e rtie s  a n d  i t  w ou ld  
be  of co n sid e rab le  in te re s t to  in v e s tig a te  th is  
p o ssib ility .*

P la s tic  d e fo rm a tio n  increases  th e  r a te  o f p re 
c ip ita t io n  by  s e tt in g  up  p o in ts  in  th e  c ry s ta l 
la t t ic e  o f h igh  en e rg y  c o n te n t, th e se  a id  p rec ip i
ta t io n  b y  c o n tr ib u tin g  en erg y  to  th e  fo rm atio n  
of nuc le i. T h is  effect w ill be a id e d  w here  
d iffusion  is a c c e le ra ted  b y  cold  w ork . T h e  effect 
of co ld  w ork  im m e d ia te ly  a f te r  q u e n ch in g  m a y  
be  to  m a k e  th e  final p ro p e rtie s  low er th a n  th e y  
w ou ld  o the rw ise  b e ; th is  is a p p a re n t ly  b ecause  
p re c ip ita tio n  occu rs in regions w h ich  h av e  
a lre a d y  b een  s tre n g th e n e d  by  cold w ork  a n d  
is th e re fo re  m u ch  less effec tiye  in  p ro p o r tio n  to  
th e  a m o u n t of p re c ip ita tio n  in v o lv e d . T h e  
m a x im u m  p ro p e rtie s  a re  o b ta in e d  b y  cold 
w o rk in g  a f te r  ag eh a rd en in g , b u t  th e  c au se  of 
a f te rh a rd e n in g  (see F ig . 29) is n o t a t  all c lear, 
un less i t  is d u e  to  e x tra  p re c ip ita tio n  in  th e  
de fo rm ed  regions.

* The writer now finds that work of Dreyer’*' has 
revered this, although the artificial ageing was 
carried out after reverting, and confirms the 
suggestion.



406 LIGHT METALS August, 1944

T h e  im p o r tan c e  of th e  e ffect of p r io r  h is to ry  
on th e  ra te  a n d  c a p a c ity  o f a g e h a rd e n in g  h a s  
been  overlo o k ed  b y  som e in v e stig a to rs . I t  is 
o b v io u s  from  th e  e x p e r im e n ta l re su lts  d e sc rib ed  
th a t  i t  w ou ld  be  unw ise  to  a t te m p t  to  c o rre la te  
p ro p e r ty  a n d  s tru c tu ra l  ch an g es  in tw o  o r m ore 
sp ec im en s of th e  sam e  a llo y  th a t  h a v e  been  
p re p a re d  b y  d iffe ren t m e th o d s , e .g ., w ire  is used  
fo r e le c tr ica l c o n d u c t iv ity  m e asu rem en ts , b u t  
m ore  m assive  sp ec im en s  a re  used  for h a rd n e ss  
a n d  d ila to m e try . In  o rd e r  to  m ak e  th e  co rre la 
tio n  e x ac t, s t ru c tu ra l  a n d  p ro p e r ty  ch an g e s  
m u s t be  follow ed s im u lta n eo u s ly  on  th e  sam e 
spec im en .

T h e  s u b je c t  is in a  v e ry  con fused  s ta te ,  m uch  
of th e  ev id en ce  is c o n tra d ic to ry , a lth o u g h  i t  is 
w ell e s ta b lish e d  th a t  p r io r  h is to ry  c a n  be  v e ry  
im p o r ta n t.  T h eo ries  t h a t  h a v e  b een  p u t  fo r
w a rd  to  e x p la in  th e  p h en o m e n a  m ay  be  d iv id e d  
in to  tw o  ty p e s : (a) th o se  e x p la in in g  th e  effect 
of g ra in  size on  th e  b asis  of d iffe ren t degrees 
of s u p e rsa tu ra tio n  o b ta in e d  b y  so lu tio n  h ea t-  
tre a tin g  a llo y s  of th e  sam e  c o m p o sitio n  b u t  
d iffe ren t g ra in  sizes a t  th e  sam e  te m p e ra 
tu re .51» 56 T h is  in v o lv e s  th e  id ea  th a t  th e  solid  
s o lu b ility  is a  fu n c tio n  of th e  g ra in  size.

(b) th o se  in tro d u c in g  th e  p resen ce  o f a  m osaic  
struc tu re .**» i4» 74» ”

W o rk  of G isen77 h as  in d ic a ted  th a t  re c ry s ta l
lized  single  c ry s ta ls  of a lu m in iu m  possess a  
m ore  p ro n o u n ced  m osaic  s tru c tu re  th a n  c a s t 
single  c ry s ta ls , a n d  v a ry in g  a m o u n ts  o f m osaic  
s tru c tu re  a re  a sc rib e d  to  e x p la in  th e  re su lts  
o b ta in e d  b y  d iffe ren t in v e stig a to rs . A m ore 
ra p id  ra te  o f ag e in g  is sa id  to  be  d u e  to  
p re c ip ita tio n  o c cu rrin g  m ore  eas ily  in  th e  
b o u n d a rie s  b e tw een  th e  m osaic  b lo ck s. H ow 
ever, th e  e x am in a tio n  fo r th e  p resen ce  o f a  
m osaic  s tru c tu re  is d ifficu lt a n d  th e re  seem s to  
be no  d ire c t  ev id en ce  a v a ila b le  a s  to  how  th e  
deg ree  to  w h ich  th e  m osaic  s tru c tu re  is p re s e n t 
is a ffec ted  b y  th e  m e th o d  o f p re p a ra tio n .

D ifferences in th e  p ro p e r ty  c h an g es  reco rd ed  
b y  d iffe ren t in v e s tig a to rs  on  th e  sam e a llo y , 
a n d  d ifferences in  th e  ra te  o f ag e in g  h a v e  been  
a sc rib ed  to  th e  effec t of g ra in  size a n d  th e  
m e th o d  o f p re p a ra t io n 153 a n d  su ch  is p ro b a b ly  
th e  case , a lth o u g h  th is  m e re ly  serv es  to  show  
th e  la ck  o f know ledge  on  th e  su b jec t.

T h e  w ho le  s u b je c t of th e  effec t o f g ra in  size, 
a n d  m e th o d  a n d  deg ree  of w o rk in g  on  th e  so lid  
so lu b ility , ra te  o f a g eh a rd e n in g  a n d  th e  m a g n i
tu d e  of th e  p ro p e r ty  ch an g es  sh o u ld  re p a y  
in te n s iv e  in v e s tig a tio n .

T h e re  is gen era l a g re em en t t h a t  one effect of 
iron  on  A l-Cu a llo y s  is to  low er th e  a g e h a rd e n 
ing  c a p a c ity  b y  th e  fo rm atio n  of a n  inso lub le  
A l-C u-Fe co m p o u n d ; h ow ever, th e re  is d isag ree 
m e n t a s  to  th e  ex isten ce  of th e  la rg e  re d u c tio n  
in  ag e in g  c a p a c ity  found  b y  som e in v e s tig a to rs  
on  th e  a d d itio n  o f sm all q u a n ti t ie s  of iron . 
P e tro v  conside rs  t h a t  th e  e x p la n a tio n  m u s t be 
found  in  th e  effect of iron  on  th e  la t t ic e  s t ru c 
tu re  o f th e  so lid  so lu tio n . H is  c u rv e s  a re  d ra w n  
on th e  b a sis  of G a y le r  a n d  P re s to n ’s re su lts  on  
h ig h  p u r ity  A l-C u alloys, a n d  in v iew  of th e  
possib le  effect o f p r io r  h is to ry  i t  c a n n o t be 
ta k e n  th a t  th is  is w h o lly  ju s tifiab le .

H u n s ic k e r  b e liev es  t h a t  th e  w hole  effect (cold- 
w a te r-q u e n c h e d  alloys) is e x p la in ed  b y  th e  
re m o v a l o f  c o p p e r  from  th e  so lid  so lu tio n ; h o w 
ever, th is  does n o t  ex p la in  th e  g re a te r  red u c 
tio n s  in  ag e in g  c a p a c ity  found  b y  o th e r  w orkers

on th e  a d d itio n  of v e ry  sm all q u a n ti t ie s  of iron . 
( I t  m a y  be  p o in te d  o u t h e re  th a t  th e  cu rv e s  of 
F ig . 46 a re  n o t a ll c o rre c tly  d ra w n , th e  c u rv e s  
fo r th e  re su lts  o f th e  b o ilin g -w a te r-q u en c h ed  
sp ec im en s a n d  fo r th e  re su lts  of K o ch  a n d  
N o th in g  sh o u ld  be ta k e n  up  to  a  v a lu e  of a b o u t 
26^ B .H .N .,  sh ow ing  in th ese  cases a lso  th a t  th e  
effect o f th e  firs t a d d itio n  is g re a te r  th a n  th a t  
of la rg e r  a d d itio n s .)  T h e  w o rk  of K o c h  a n d  
N o th in g  is freq u e n tly  q u o te d  a s  sh ow ing  t h a t  
th e  effec t of iron  is p ro p o r tio n a l to  th e  a m o u n t 
of co p p e r  i t  w ith h o ld s  from  th e  so lid  so lu tio n , 
b u t  i t  sh o u ld  be  n o ted  t h a t  th e se  a u th o rs  
th em selv e s  s ta te  t h a t  th e  effect o f th e  f irs t 
a d d itio n  is g re a te r  p ro p o r tio n a lly  th a n  t h a t  of 
su b se q u e n t a d d itio n s . P e tro v  h a s  suggested  
t h a t  K o ch  a n d  N o th in g  u sed  a llo y s  c o n ta in in g  
m agnesium  on th e  b a sis  of h is  e x p e r im e n ts  on 
A l-C u-Fe-M g (0.05 p e r  c e n t .)  a lloys. H u n s ic k e r  
su g g ests  t h a t  h is  e x p e r im e n ts  show  t h a t  iron  
h a s  a  g re a te r  effect th a n  h a d  h ith e r to  been  
re p o rte d , a s  h is  c u rv e  fo r th e  co ld -w ater- 
q u e n ch e d  sp ec im en s F ig . 46 is to  th e  le f t of 
th e  o th e rs ; h ow ever, i t  seem s to  th e  w rite r  t h a t  
th e  d ifference  lies in th e  low ag e in g  c a p a c ity  
of th e  p u re  A l-Cu a llo y s  ra th e r  th a n  in  th e  
re d u c tio n  in  ag e in g  c a p a c ity  d u e  to  th e  iron , 
a n d  a s  H u n s ic k e r  p o in ts  o u t  th is  m a y  b e  d u e  
to  th e  v e ry  low  m ag n esiu m  c o n te n t of h is  a llo y s  
(0.0005-0.001 p e r  c e n t .) .

T h e  a u th o rs  of th e  tw o  m o s t re c en t p a p e r s 146. 
147 co n sid e r t h a t  th e  effec t of iron  c an  be  
ex p la in ed  en tire ly  on  th e  b a sis  of th e  rem o v a l 
of co p p e r  from  solid  so lu tio n , b u t  i t  m a y  be  
p o in te d  o u t  th a t  th e  ev id en ce  c a n n o t be 
reg a rd ed  a s  co n clu siv e  on th is  p o in t. I t  w ould  
seem  m ore  th a n  m ere ly  a  co in c id en ce  t h a t  in 
a ll cases  show n in F ig . 45, w ith  co ld -w a te r- 
q u e n ch c d  sp ec im en s aged  a t  room  te m p e ra tu re ,  
th e  in c rease  in  h a rd n e ss  of th e  te rn a ry  a llo y s  is 
less  th a n  t h a t  o f th e  b in a ry  a llo y s  w ith  th e  
sam e  a m o u n t of c o p p e r  in so lid  so lu tio n , th is  
effect b e in g  g re a te r  w ith  sm all q u a n ti t ie s  of iron .

A fu ll so lu tio n  of th is  q u e stio n  w ould  requ ire  
X -ra y  d iffra c tio n  in v e s tig a tio n s , a lth o u g h  th e re  
is no  d o u b t  th a t  th e  m a jo r  effect o f iron  is to  
w ith h o ld  co p p e r from  so lid  so lu tio n .

P e tro v 113 a t te m p te d  to  e x p la in  th e  d ila to - 
m e te r  re su lts  of Ig a ra s i (F ig . 49) on  A l-C u-M g 
a llo y s  a s  b e in g  d u e  to  th e  p re c ip ita tio n  of 
A laC u 2M g3 a s  w ell a s  to  C uA L. T h e  a llo y s  t h a t  
g a v e  th e  g re a te s t ex p an s io n  (Cu 4 p e r  c en t., 
M g 2 p e r  c e n t .;  C u  2 p e r  c e n t.,  M g 0.5 p e r  c e n t .)  
c o n ta in  th e  a m o u n ts  of c o p p e r a n d  m ag n esiu m  
to  form  th is  te rn a ry  co m p o u n d .

F in k , S m ith  a n d  W illey  co n sid e r t h a t  th e  
effect o f m ag n esiu m  in A l-Cu-M g a llo y s  is d u e  
to  th e  p re c ip ita t io n  o f /? ' (A l-M g) (a  tra n s itio n  
la t t ic e  o f y3 (A l-M g) ) a n d  O'. T h e ir  a rg u m e n t 
is b a sed  on  th e ir  d ila ta t io n  cu rv es  (see F ig . 50), 
a n d  i t  w as su ggested  th a t  w ith  u p  to  1.5 p e r 
c en t. M g th e  ex p an s io n  is d u e  to  th e  p re c ip ita 
tio n  of /? ' (A l-M g), th e  su b se q u e n t c o n tra c tio n  
be ing  d u e  to  p re c ip ita tio n  of H ow ever, no  
su g g estio n s  w ere  m a d e  to  show  w h y  th is  co n 
tra c tio n  is m ore  th a n  tw ice  th a t  o f th e  b in a ry  
a llo y .

A rc h e r  h a s  p u t  fo rw a rd  th e  v iew  t h a t  th e  
m ore  ra p id  ag e in g  o f A l-Cu-M g a llo y s  is b eca u se  
th e  m ag n esiu m  a to m s  e x p a n d  th e  a lu m in iu m  
la tt ic e  a n d  th e re b y  a llow  eas ie r d iffu sion  o f th e  
c o p p e r a to m s.

N one  of th e  e x p la n a tio n s  is s a tis fa c to ry ; i t
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The illustration is of a Reeler suitable for 2-in. 

steel bars. The machine is of robust construction, 

simple to adjust, has a totally enclosed gearbox and 

well-designed flexible spindles. The machine is 

capable of dealing with a wide range of sizes.

For B a r , Tube, Sheet and S trip  M ill E qu ipm en t consult—
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THORNABY-ON-TEES

H E A D ,  W R IG H T S O N  Aetna Standard R E E L E R S



408 LIGHT METALS August, 1944

is p ro b a b le  th a t  m ag n esiu m  ac ts , in - p a r t  a t  
le a s t, b y  a lte r in g  th e  in te ra c tio n  energ ies o f th e  
a lu m in iu m  an d  c o p p e r  a to m s . P e tro v ’s  re su lts  
fo r  th e  effect o f 0.03 p e r  c en t. M g on  A l-C u-F e 
a llo y s  is d ifficu lt to  u n d e rs ta n d  on a n y  o th e r  
basis . H e re  ag a in  X -ra y  d iffra c tio n  a n d  m ic ro 
scop ic  in v e s tig a tio n s  a re  req u ired . I t  m a y  be 
p o in te d  o u t  th a t  th e  a d d itio n  o f 0.04 p e r  cen t. 
M g w ou ld  g iv e  a p p ro x im a te ly  one a to m  o f 
m ag n esiu m  in  a ll th e  u n it  cells  o f 0' t h a t  p a r 
t ic ip a te  in p re c ip ita t io n  a t  room  te m p e ra tu re .

N o g en era l th e o ry  as to  th e  effect of the  
sm all q u a n ti t ie s  of a d d e d  e lem en ts , o th e r  th a n  
th a t  of S o h n c h e n ,"  h a s  been  p u t  fo rw ard  to  
a c c o u n t fo r th e  re su lts  d iscu ssed  a b o v e . I t  is 
g en era lly  possib le  to  g iv e  th e  cause  of th e  
effects d u e  to  la rg e  a d d itio n s , from  m icroscop ic  
e x am in a tio n , b u t  th e  e x p la n a tio n  of th e  ch an g es  
p ro d u ced  w ith in  th e  so lid  so lu tio n  a w a it  X -ray  
d iffrac tio n  an a ly sis .

I t  is p ro b a b le  th a t  th e  fa s te r  ra te  o f ag e in g  
found  b y  a ll in v e s tig a to rs  b ro u g h t a b o u t  b y  a 
re d u c tio n  in th e  q u e n ch in g  ra te  is d u e  to  a 
c e r ta in  a m o u n t o f "  seed in g  ”  o r "  n u c le a tio n  ” 
d u rin g  cooling . S ohnchen*’ h a s  su ggested  th a t  
th e  -profuseness of a n y  m osaic  s tru c tu re  m a y  be 
a lte re d  b y  d iffe ren t ra te s  of coo ling  from  th e  
h e a t- tre a tm e n t te m p e ra tu re .

I t  is e v id e n t th a t  th e  ra te  of coo ling  a n d  
the re fo re , p re su m a b ly , th e  effec t of th is  ra te  on 
a n y  n u c le a tio n  effect is a  fu n c tio n  of th e  
spec im en  size, a n d  th e re  m ay  be c ritic a l co n d i
tions  th a t  a llow  seed in g  w ith o u t c au s in g  th e  
final p ro p e rtie s  to  be low ered . T h is  m a y  ex p la in  
th e  differences b e tw ee n  th e  re su lts  of d iffe ren t 
in v e s tig a to rs  on  th e  effec t of ra te s  of coo lin g  on  
th e  final p ro p e rtie s , a lth o u g h  a s  in d ic a te d  p re 
v iously  th e se  m a y  be  d u e  to  th e  fa c t t h a t  th e ir  
conclusions  w ere  b ased  on  th e  c h an g es  in 
d iffe ren t m e ch an ica l p ro p e rties .

C onclusion . T h e  in fo rm a tio n  a t  p re s e n t a v a i l
a b le  d e a lin g  w ith  th e  p h e n o m e n a  a c c o m p a n y in g  
p re c ip ita tio n  from  m e ta llic  s u p e r s a tu ra te d  solid  
so lu tio n s , a n d  w ith  th e  effec t of a  n u m b e r of 
fa c to rs  on  th e  ra te  o f p re c ip ita tio n  a n d  th e  
m a g n itu d e  o f th e  p ro p e r ty  ch an g es , h a s  been 
s u rv e y e d  c r itic a lly .

The th e o ry  o f th e  p rocess o f p re c ip ita tio n  h a s  
b e en  d esc rib ed , to g e th e r  w ith  th e  a c tu a l  p rec ip i
ta t io n  p rocess in  A l-Cu a iio v s . P a r tic u la r  
a t te n t io n  has been g iven  to  'co rre la tin g  th e  
sign ificance  of th e  d iffe ren t m e ch an ica l a n d  
p h y s ica l p ro p e r ty  c h an g e s  w ith  th e  ex p e r im e n ta l 
o b se rv a tio n s  o f th e  s tru c tu ra l  a lte ra tio n s ,  a n d  
w ith  th e  th e o re tic a l s tu d ie s . f t  is possib le  to 
e x p la in  o n ly  a  sm all p a r t  of th e  ex p e r im e n ta l 
ev id en ce  sa tis fa c to rily , a n d  w h ile  a  la rg e r  
p o rtio n  c an  be  ex p la in e d  in r a th e r  v a g u e  te rm s  
v e ry  m u c h  is a s  y e t  in ex p lic ab le .

D iscrep an c ie s  in th e  e x p e r im e n ta l ev idence  
a n d  reg ions o f th e  s u b je c t  in  w h ich  p re se n t 
k now ledge  is s c a n ty , h a v e  b een  p o in te d  o u t; 
th ese  c o u ld  s u ita b ly  serv e  a s  a  b a s is  fo r  fu tu re  
re sea rch  w ork .

T h e  th e o re tic a l m ea n in g  o f th e  v a r ia t io n s  in 
th e  ra te  of p re c ip ita tio n  u n d e r  d iffe ren t c o n d i
tions  is d iscussed , a l th o u g h  fu n d a m e n ta l  know 
led g e  o f m a n y  o f th e  p h e n o m e n a  is a lm o s t n o n 
e x is ten t. E x p e r im e n ta l  in v e s tig a tio n s  in to  th is  
s u b je c t  w ou ld  b e  a m p ly  re p a id  b y  th e  re su lts .

T h e re  is consid e red  to  be no  fu n d a m e n ta l 
d ifference b e tw ee n  th e  "  p re c ip ita tio n  ”  an d  
"  p re -p re c ip ita tio n  ”  th eo rie s  a s  th e y  w ere

o rig in a lly  fo rm u la ted , since th e y  w ere s ta te d  
w ith o u t d e fin itio n  o f "  p re c ip ita tio n .”

As fa r  a s  is k n o w n  to  th e  w rite r, a  c o m p le te  
d iscuss ion  of a ll th e  e x p e r im e n ta l ev idence  
co n ce rn in g  a g eh a rd e n in g  has n o t b een  m a d e  
p rev io u s ly , a n d , in  p a rtic u la r ,  l i tt le  a t te m p t  has 
been m ad e  to c o rre la te  th e  sign ificance  of th e  
v a rio u s  p ro p e r ty  ch an g es , o r  to  p o in t o u t  d is 
c rep an c ie s  in th e  th e o re tic a l a n d  e x p e r im e n ta l 
know ledge of th e  p re c ip ita tio n  p rocess.

I t  is p ro b a b le  t h a t  m uch  w ork  in th e  fu tu re  
will b e  d ire c te d  to  g a in in g  a  m o re  c o m p le te  
in s ig h t in to  th e  a to m ic  re a rra n g e m e n ts  o p e ra tiv e  
in th e  first s tag e  o f th e  p re c ip ita tio n  p rocess, in 
th is  co n n ec tio n  i t  is p a r t ic u la r ly  d e sirab le  th a t  
a s  m a n y  sy stem s  a s  possib le  sh o u ld  be  
e x am in ed .

A P P E N D IX  
F u n d a m e n ta l  Work P u b lish e d  S ince 19f2

I N gen era l, th e  fu n d a m e n ta l  w o rk  ca rr ie d  o u t 
since  th e  b u lk  of th is  a c c o u n t w as w ritten , 

w h ils t c la r ify in g  th e  s u b je c t in som e w ays, h a s  
p ro d u ced  no  re v o lu tio n a ry  c h an g es  in o u tlo o k . 

 ̂ Jo n es , L eec h  a n d  S y k e s“1* fo u n d  th a t ,  in  
C u-A g a n d  Ag-Cu a llo y s , d isco n tin u o u s  p re 
c ip ita t io n  o ccu rred  w ith  h ig h  deg rees of 
s u p e r sa tu ra tio n  a n d  low  ag e in g  te m p e ra tu re s . 
D ifferences w ere  o b se rv ed  be tw een  th e  ra te  of 
p re c ip ita tio n  in s ing le  a n d  p o ly c ry s ta llin e  
m a te r ia ls . In  view  o f th e  d ifference  in size of 
th e  c o p p e r  a n d  s ilv e r a to m s , th e  fo rm a tio n  of 
an  in te rm e d ia te  s tru c tu re  w ou ld  n o t be  
ex p ec ted , a s  th e  la ttic e  s tra in  w ou ld  be  too  
g re a t. As . su g g ested  b y  D eh lin g e r, d isco n 
tin u o u s  p re c ip ita tio n  m a y  be  a  fu n c tio n  o f a 
la rg e  d ifference in  size b e tw een  th e  s o lv e n t an d  
so lu te  a to m s.

T h e  m e c h an ism  o f p re c ip ita tio n  in A l-C u an d  
A l-A g a llo y s  h a s  b een  fu r th e r  s tu d ie d  by  
G u ild e r u s in g  X -ray s . P re c ip ita tio n  in  A l-A g 
a llo y s   ̂ w as  d esc rib e d  a s  o c cu rr in g  b y  th e  
co llec tio n  of s ilv e r a to m s  a t  Irreg u la rly  d is 
tr ib u te d  cen tres, fo llow ed  by  th e  tra n s fo rm a tio n  
of th e se  nuc le i in to  th e  eq u ilib riu m  p h a se  w ith 
o u t  th e  fo rm atio n  o f a  t ra n s it io n  la t t ic e .“1’ In  
A l-C u a llo y s  th e  firs t s tag e  in p re c ip ita tio n  
w as th e  co llec tio n  o f c o p p e r a to m s  on  th e  {100) 
p lan es  o f th e  m a tr ix . T h is  w as  fo llow ed  b y  
th e  fo rm a tio n  of a  s u p e r la t t ic e  w ith  s h o r t  ran g e  
o rd e r; in th e se  reg ions th e  c o n c e n tra tio n  of 
c o p p e r  a to m s  re ach ed  a  m a x im u m  a t  ev ery  
fo u r th  (001) p la n e  of th e  "  p re c ip i ta te ,”  a cc o m 
p an ie d  b y  s l ig h t c h an g es  in  th e  in te rp la n a r  
d is ta n ce . T h is  s tru c tu re  is th e n  tra n s fo rm e d  
in to  O', w h ich  m a y , itse lf, b e  tra n s fo rm e d  in to  0 .

In  c o n tin u a tio n  o f th e ir  e a r lie r w o rk ,” * 
G eisler, B a r re t t  a n d  M ebl (¿23) fo u n d , b y  X -ray  
ex am in a tio n , th a t  a lu m in iu m  a llo y s  c o n ta in in g  
10, 20 o r 30 p e r  c en t, s ilv e r fo rm ed  th e  c o h e re n t 
t ra n s it io n  la t t ic e  on  p re c ip ita t io n  a t  a ll  ag e in g  
te m p e ra tu re s , th is  la te r  tra n s fo rm e d  in to  th e  
s ta b le  e q u ilib riu m  p re c ip ita te .  I t  w as  a lso  
fo u n d  t h a t  th e  tra n s fo rm a tio n  from  tra n s it io n  
to  s ta b le  p re c ip ita te  w as  a cc o m p a n ie d  b y  a  
d isco n tin u o u s  ty p e  o f re a c tio n  n u c le a te d  a t  th e  
g ra in  b o u n d a rie s , a n d  p ro b a b ly  b y  re c ry s ta l
liza tio n  of th e  m a tr ix . F ig . 64 show s severa l 
co lon ies o f 7 p la te s  w ith  d iffe ren t o r ie n ta tio n s  
g ro w in g  in to  a  m a tr ix  w h ich  c o n ta in ed  th e  
tra n s itio n  p re c ip ita te -  ( / ) .  H a rd e n in g  w h ich  
acc o m p a n ie d  th e  fo rm a tio n  o f th e  in te rm e d ia te  
p re c ip ita te  w as a t t r ib u te d  to  la t t ic e  s tra in
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a ro u n d  th e  c o h e ren t p a rtic le s . T h e  m ech an ism  
o f th e  c h an g e  from  in te rm e d ia te  to  s ta b le  la t t ic e  
o f th e  o re c ip ita te  w as n o t c lear, in v o lv in g  a s  i t  
d id  som e re -so lu tio n  a n d  d iffusion .

X -ra y  e x am in a tio n s  w ere  a lso  m a d e ” 4 of 
p re c ip ita tio n  in  Al-AIg, A l-Z n, a n d  som e 
M g-base a llo y s . In  a ll cases, ev id en ce  w as 
fo u n d  t h a t  th e  fu n d a m e n ta l m ech an ism  of th e  
c h an g e  w as th e  sam e  a s  in  A l-A g a lloys, 
a l th o u g h  th e  tra n s it io n  p h ase s  w ere  of v e ry  
sm all size w hen  th e y  b ro k e  a w ay  from  th e  
m a tr ix . I t  a p p e a rs  th a t  th e  a u th o rs  reg a rd  
th e se  tw o  p a p e rs  a s  p ro d u c in g  s tro n g  a d d itio n a l 
ev id en ce , by  in ference , t h a t  in A l-C u a llo y s  th e  
G -P  zones a re  6' in a n  e x tre m e ly  fine s ta te  of 
su b d iv is io n .

I t  h a s  p re v io u s ly  b een  re p o rte d  th a t  th e  
lo g a rith m  o f th e  ra te  of p re c ip ita t io n  is a  
l in e a r  fu n c tio n  o f th e  rec ip ro ca l o f th e  a b so lu te  
te m p e ra tu re  (71), th e  re la tio n s h ip  possessing  
th e  fo llow ing  fo rm :—

V  =  C 'e  “  Q'/RT 
w h e re  V =  th e  ra te  of p re c ip ita tio n ,

Q ' =  th e  a c t iv a tio n  en erg y  for 
p re c ip ita tio n ,

C ' is a c o n s ta n t.
H o w ev er, J e t t e r  a n d  M eh l2”  d id  n o t o b ta in  a 

s t ra ig h t  line  w h en  th e  lo g a rith m  o f th e  m a x i
m u m  ra te  o f v o lu m e  ch an g e  in A l-S i a llo y s  w as 
p lo tte d  a g a in s t  th e  rec ip ro ca l o f th e  a b so lu te  
te m p e ra tu re  (see F ig . 65). T h e y  p o in t  o u t  th a t  
from  B ec k e r 's  exp ress ion  fo r th e  ra te  o f nu c lea- 
tio n , v iz.:

I — C e  ~ (Q T  A )/R T

w h ere  I =  th e  ra te  o f n u c lea tio n ,
C =  a  c o n s ta n t,
Q  =  th e  a c t iv a tio n  en erg y  for 

d iffusion ,
A =  th e  w ork  re q u ired  to  form  a 

nuc leus,
an  e x ac tly  l in e a r  re la tio n  b e tw een  I  a n d  th e  
rec ip ro ca l o f th e  a b so lu te  te m p e ra tu re  is n o t 
p re d ic te d . I t  is a p p ro x im a te d  to  a t  low te m 
p e ra tu re s , in  w h ich  case

Q’ = Q +  A + I r . ^ 1
'< 1 x 1
I t )

since  A  is v e ry  sm all a n d  in c reases  w ith  
in c re a s in g  te m p e ra tu re ,  th e  q u a n t i ty  in th e  
b ra c k e ts  is n e g a tiv e , a n d  th e re fo re  Q ' sh o u ld  
b e  less th a n  Q.

T h e rm o d y n am ic a l th e o ry  h a s  b een  used  b y  
K onobeevsk i*1* a n d  by  B ore liu s et al . 32 s T h e  
fo rm er c a lcu la te d  th e  n u m b e r  o f p a rtic le s  of 
p re c ip ita te  fo rm ed  on  n a tu ra l  ag e in g  o f A l-Cu 
a llo y s , m a k in g  use of th e  T h o m so n -F reu n d lich  
fo rm u la  for th e  re la tio n  b e tw ee n  c o n ce n tra tio n , 
size, te m p e ra tu re ,  su rface  ten sio n , d e n s ity  an d  
m o lecu lar w e ig h t o f th e  p a rtic le s  o f th e  second  
p h ase . T h is  p a p e r , w h ic h  is e n tire ly  th e o re tic a l , 
is u sefu l in  in d ic a tin g  th e  possib ilitie s  an d  
l im ita tio n s  o f th e  a p p lic a tio n  of th e rm o 
dynam ical th e o ry  to  su c h  a co m p lex  p ro b lem  
as  p re c ip ita tio n  from  solid  so lu tions .

B o re liu s  et al m a d e  th e rm a l an a ly se s  on 
A l-C u a llo y s  on  th e  lines  o f th o se  b y  S w indells  
an d  S ykes. T h e  a p p a r e n t  so lu b ilitie s  of 9 , 9 ', 
9 ' '  ( th e  G -P  zones) w ere  d e riv ed  from  th e  
c h an g e  of d ire c tio n  of th e  ex p e r im e n ta l d ifferen
tia l te m p e ra tu re - te m p e ra tu re  c u rv e s  a n d  a re

g iven  in F ig . 66. F ig . 67 show s th e se  s o lu b ility  
c u rv e s  p lo t te d  to  o b ta in  th e  en erg y  c o n s ta n ts  
fo r th e ir  eq u a tio n s . M easu rem en ts  w ere  a lso  
m a d e  o f th e  h e a t  evo lved  d u rin g  n a tu ra l  ageing , 
a n d  in  g e n era l th is  w as  a p p ro x im a te ly  h a lf  th e  
v a lu e  c a lcu la te d  from  free en erg y  co n sid e ra tio n s  
a n d  th e  e q u a tio n  fo r th e  so lu b ility  o f 9 ' ' .  A 
4 p e r  c eiit. Cu a llo y  ev o lv ed  a p p ro x . 1 c a l/g m  
on n a tu ra l  ageing , le av in g  1 c a l /g m  to  be 
acc o u n te d  for b y  a n  in c rease  in  s tra in  energy . 
V ery  a p p ro x im a te  c a lc u la tio n s  b y  th e  w rite r  
g ive  a  v a lu e  fo r th e  s tra in  en erg y  o f . th e  sam e 
o rd e r  of m a g n itu d e .

Discussion
V ery  g re a t  p ro g ress  h a s  been  m ad e  since  th e  

ex is ten c e  of th e  G -P  zones w as firs t reco rded  
in 1938. E v id e n c e  h a s  been  p ro d u ced  to  show  
t h a t  t ra n s it io n  p re c ip ita te s  a re  fo rm ed  in  a t  
le a s t a  n u m b e r  o f sy s tem s . T h e  h a rd e n in g  
a cc o m p a n y in g  th e  d e co m p o sitio n  o f a  s u p e r
s a tu ra te d  so lid  so lu tio n  is now  a sso c ia ted  ch iefly  
w ith  th e  la t t ic e  s tra in  in d u c ed  b y  th e  p resen ce  
of a  c o h e re n t "  p re c ip i ta te ,"  th e  n a tu re  of 
w hich  h a s  n o t b een  e n tire ly  c le a red  up .

I t  is  s till n o t possib le  to  say  w h e th e r  p re c ip i
ta t io n  in  A l-C u a llo y s  is e sse n tia lly  a  "  tw o- 
s tag e  "  o r "  th re e -s ta g e  "  p ro cess  (a n d  G u in ie r 
has p ro p o sed  a  "  f o u r - s ta g e "  p ro ce ss ). 
B a r r e t t  et al h a v e  in te rp re te d  th e  X -ra y  ev idence  
in fa v o u r  of th e  "  tw o-s tage  "  p rocess, b u t  i t  
a p p e a rs  to  th e  w rite r  t h a t  m o re  g en era l ev idence  
fa v o u rs  th e  "  th re e -s ta g e  "  m ec h an ism ; m u ch  
w ork  re m a in s  to  be  d one  on  th is  p o in t ,  p a r t ic u 
la rly  in th e  c o rre la tio n  o f a s  m a n y  s tru c tu ra l  
a n d  p ro p e r ty  c h an g es  a s  p ossib le  on  one 
spec im en  o r  u n d e r  s im ila r  e x p er im e n ta l 
co n d itio n s .
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NOTE.—Attention is drawn to the following error 
which occurred in the first part of this survey, on 
page 341 of “ Light Metals ” for July. The last paragraph 
should read—“ Instantaneous specific-heat'tempera ture 
curves for some agehardening alloys.”



410 LIGHT METALS August, 1944

N E W  BO O KS R EV IEW ED  
Extrusion of Metals

W R IT T E N  b y  C lifford E . P ea rso n , M .M et. 
(S heffie ld ), h e a d  of th e  M eta llu rg y  

D e p a r tm e n t,  K in g 's  C ollege, U n iv e rs ity  of D u r
h a m , a n d  p u b lis h e d  b y  C h a p m an  a n d  H a ll, L td . 
(18s. n e t) ,  a  200-page m a n u a l e n title d  "  T h e  
E x tru s io n  of M eta ls  "  fills m o s t a d e q u a te ly  a  
sp ace  to o  long  v a c a n t  on  th e  m e ta llu rg ic a l b o o k 
shelf.

In his fo rew ord , G enders  (now  a t ta c h e d  to  
th e  M in istry  o f S u p p ly )  p a y s  t r ib u te  to  th e  
re sea rc h  w ork  ca rr ie d  o u t  b y  th e  a u th o r  h im se lf 
in  th e  field u p o n  w h ich  h e  w rite s  w ith  such  
a u th o r i ty .  N o  b e t te r  re co m m e n d a tio n  is 
re q u ire d  th a n  e x am in a tio n  of th e  c o n te n ts , 
w h ich  in c lu d e :—H is to ric a l su rv e y ; e x tru s io n  of 
lead  a n d  o th e r  so ft m e ta ls ; e x tru s io n  of lead  
cab le  sh e a th in g ; e q u ip m e n t fo r th e  h o t  e x tru 
sion  of h a rd  m e ta ls ; flow in m e ta ls  d u r in g  e x tru 
s ion ; p re ssu re  o f e x tru s io n ; m e ta ls  a n d  a llo y s  
fo r h o t e x tru s io n ; p ro p e rtie s  of e x tru d e d  m e ta ls ;

Metals in the
T H IS  P e lic an  bo o k  b y  D o c to r  A le x a n d e r  an d  

D o c to r  S tr e e t  (o r b y  D o c to r S tr e e t  a n d  
D o c to r  A lex an d e r— for th e  o rd e r o f p reced en ce  
on  th e  t i t le  page  is o p p o s ite  to  t h a t  g iv en  on 
th e  co v er) w ill fulfil a n  e v e r-p re sen t need . T h e re  
is a  g row ing  n u m b e r of p eo p le  w ho , ev en  if 
th e y  a re  n o t,  a n d  d o  n o t in te n d  to  b e , m e ta l
lu rg is ts  o r  fo u n d ry  te c h n ic ia n s , sh o u ld  be  in te l
lig e n t a b o u t m e ta ls . O ne  m a y  recall a  c o st 
a c c o u n ta n t  o n  th e  s ta ff  o f a  lig h t-a llo y  co n cern  
of n a tio n a l fam e , w h o  a sk ed  w h e th e r  a n y o n e  
h a d  ev e r  th o u g h t  to  w eigh  c a s tin g s  a n d  fo rg ings 
a f te r  so lu tio n  t re a tm e n t  in  a  s a lt  b a th  to  d e te r 
m in e  how  m u c h  m e ta l w as l o s t ! I t  w as neces
s a ry  to  e x p la in  t h a t  th e  so lu tio n  co n ce rn ed  co n 
s t i tu e n ts  w ith in  th e  a llo y , a n d  n o t, o f course, 
d isso lu tio n  o f th e  a llo y  itse lf.

T h e re  is no  need  to  feel su p e rio r b ecau se  of 
an  a c c o u n ta n t 's  m is u n d e rs tan d in g  o f w h a t,  a f te r  
a ll, is a  te c h n ic a l te rm . T h e re  is, how ever, 
c au se  fo r a la rm  w h en  th e  sam e  s o r t  o f ig n o r
a n ce  is f r e q u e n tly  m e t in  q u ite  a  n u m b e r of 
a p p a re n t ly  c a p a b le  en g in eers  a n d  G o v e rn m e n t 
in sp ec to rs , w ho , w h en  ch id e d  g e n tly , w ith  one 
vo ice  re p ly : "  H u t I d o n 't  re a lly  k n o w  a n y th in g  
a b o u t  m e ta ls ."

T h is  boo k  is a  th r i llin g  e x a m p le  of w h a t rea lly  
first-class  p o p u la r  sc ien tific  jo u rn a lis m  sh o u ld  
a n d  c an  be. S tr e e t  a n d  A le x an d e r  h a v e  show n  
th em selv e s  to  be  ex p o sito rs  o f th e  firs t o rde r. 
T h e  re a d e r is ta k e n  th ro u g h  th e  co m p le te  d ra m a  
of m e ta ls— ferrous  a n d  non -ferrous, u ltim a te  
s tru c tu re ,  m ech an ica l te s t in g , w o rk in g  b y  a ll  th e  
a c c e p te d  m e th o d s—a  c h a p te r  00  p o w d e r 
m e ta llu rg y  g ives u p -to - th e -m in u te  in fo rm a tio n , 
w ith  a  p ro v o c a tiv e , su g g es tiv e  c h a p te r  on th e  
fu tu re  o f m e ta ls  co n clu d in g  th e  190 ab so rb in g  
pages.

N a tu ra lly ,  i t  is to  th e  sec tions  on  a lu m in iu m  
a n d  m ag n esiu m  a llo y s  t h a t  th e  re a d e r  of th is  
jo u rn a l w ill b e  like ly  to  g ive  h is  c r itic a l eye. , 
T h e  s a lie n t p o in ts  of a lu m in iu m  m e ta llu rg y , a t  
le a s t in  re la tio n  to  fa b ric a tio n s , a re  q u ite  a d e 
q u a te ly  d e a l t  w ith .  I f  one  th in k s  o v e r th e

im p a c t m e th o d  of e x tru s io n , a n d  som e sp ec ia l 
a p p lic a tio n s  o f e x tru s io n .

In  re la tio n s h ip  to  th e  la s t  sec tio n , i t  is  in te re s t
ing  to  n o te  th a t  re fe rence  is m ad e  to  th e  com 
p a c t in g  o f m e ta l  p o w er b y  e x tru s io n  ( tu n g s te n  
an d  h a rd  c a rb id e s  a re  s ing led  o u t  fo r spec ia l 
m e n tio n ) .

C h a p te r  9, d e a lin g  w ith  im p a c t e x tru s io n , 
co m p le te  a s  i t  is in  th e  l ig h t of m o d ern  k n o w 
ledge, does in d ic a te  th e  v a s t  a m o u n t of w ork  
w h ich  m u s t s till b e  d o n e  b efo re  o u r  in s ig h t 
in to  th e  fu n d a m e n ta l th e o ry  of th is  te c h n iq u e  
can  be  c o n sid e red  c o m p le te . A lread y  in d u s tr ia l 
p ra c tic e  is d e m a n d in g  d a ta ,  n o t y e t  a v a ilab le , 
w h ich  a re  o f v i ta l  im p o r tan c e  fo r th e  rap id  
m a tu r in g  of m a n y  p o s t-w a r p la n s . F o r  e x am p le , 
a  c u rv e  re la tin g  im p a c t-p re s su re  re q u ire d , to  
d ia m e te r  o f th e  e x tru s io n  p ro d u c ed , w o u ld  be  
e x ceed in g ly  v a lu a b le  to  th e  p ro d u c tio n  en g in eer 
a n d  to  w orks  p la n n in g  d e p a r tm e n ts .

Service of Man
ran g e  of a lu m in iu m  su b je c ts , th e re  does em erge, 
h ow ever, a  v a g u e  q u estio n : h a v e  th e  a u th o rs  
m ad e  th e  w h o le  b usiness  o f p ro d u c tio n  m e ta l
lu rg y  a p p e a r  to o  easy? T h e re  m ig h t h a v e  b een  
v a lu e  a n d  in s tru c tio n , even  fo r th e  la y  re ad e r , 
in d e ta ilin g  th e  d ifficu lties  o fte n  m e t b y  th e  
fo u n d ry m an  in  p ro d u c in g  ca s tin g s  free from  gas 
p o ro s ity . P e rh a p s  th is  a d m it te d ly  h a lf-h e a rte d  
c ritic ism  is re a lly  a  t r ib u te  to  th e  b o o k ’s general 
exce llence  a n d  co m p le ten ess ; w e a re  to ld  so 
m u c h  t h a t  w e th in k  w e o u g h t to  b e  to ld  a  lo t  
m ore .

C are  lias  b een  ta k e n  to  la y  th e  in f lam m a b ili ty  
lx)gy in  re s p ec t o f m a g n e siu m  a llo y s : i t  is 
d e m o n s tra te d  t h a t  th e  p ro p e rtie s  of th e  in cen 
d ia ry  b o u ib  a re  n o t a  tru e  g u id e  to  th e  eng in eer
ing  u se  of th e  m e ta l. T h a t  th e  la rg e  p ro p o r tio n  
of th e  c h a p te r  on  m ag n esiu m  s p e n t on  th is  
s u b je c t  is ju s tif ie d , a ll m ag n esiu m -m in d ed  m e ta l
lu rg is ts  w ill ag ree . I t  is re fre sh in g  a lso  to  be  
to ld  t h a t  co rro sion  d ifiicu lties  a re  n o t serious. 
I f  th is  book  re a ch e s  th e  s o r t  o f re a d e r  b y  w hom  
w e h ope  i t  w ill b e  a d o p te d , i t  w ill pe rfo rm  a  
usefu l serv ice  to  th e  u ltra - lig h t a llo y  in dustry '. 
Tt is g ra tify in g  to  see t h a t  E n g la n d 's  p a r t  in  th e  
"  m a g n e s iu m -fro m -se a -w a tc r"  b u s in ess  is a t  
la s t  g iv e n  a  p la c e  in th e  m e ta l h is to ry ' o f o u r  
tim e.

T h is  book  sh o u ld  be  in  th e  p r iv a te  re ference  
library* o f every' eng ineer, a n d  sh o u ld  be 
in te re s t-re a d in g  in  ju n io r  te c h n ic a l schoo ls . R y  
no m ea n s  le a s t—e v e ry  w o rk s  m e ta llu rg is t 
sh o u ld  possess a  c o p y  fo r th e  e d ifica tio n  of 
o p e ra tiv e s  who' w a n t to  know  ju s t  th a t  lit t le  
b i t  m o re  of th e ir  ow n jo b .

I t  w as  G a lsw o rth y , w ritin g  of th e  F o r s y te  era , 
w ho  sa id  th a t  th e  s p ir i t  o f th e  tim e  seem ed  
to  b e  "  N o th in g  fo r n o th in g , a n d  v e ry  l i t t le  for 
s ix p e n c e ."  G a lsw o rth y ’s a g e  h as  g iv en  p lace  to  
b e t t e r  th in g s  i t  s e e m s / f o r  h e re  w e h a v e  fo r 
n in e p en ce  (w itr-tirh e J s ix p en ce ) th e  m o s t a d e 
q u a te  p o p u la r  tr e a tm e n t  of th e  w ho le  field of 
m etallu rgy ,; co lou rfu l, b u t  q u ite  u n e x ag g e ra te d , 
t h a t  we h a v e  y t t  seen .



The fiQhfect jùùsk-
C E L L O N

CELLO N
CER RI C  C E R R U X
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WHEN WE WERE YOUNG
Tim e could no longer wait for the horses, it was marching quickly 
on to a new era. It is significant that Cellon should be founded 
in that year, Cellon that was to become so closely associated with 
the progressive and new industries. As we look back over those 
thirty odd years we see how close are the parallel fines of Cellon’s 
development and the trend of industrial progress. It is true to 
say that each has helped the other.

CELLON LTD ., KINGSTON-ON-THAMES TELEPHONE: KINGSTON I 2 3 4  ( 5  l in e s ) .

The la s t4 General ’ horse bus leaving  London 
Bridge station fo r  Moorgatc, Oct. 25 , I Ç I I
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A  n e w  
C O P P E R  B A SE  A L LO Y  

w ith  H ardness, S tren g th  

and  C o n d u c tiv ity

K U M I U M
“ K u m iu m ” is the trade name of

this new alloy developed by I.C .I.

M etals L td. and possessing these

properties to a remarkable degree.

I t  is particularly suitable for use as

electrodes in spot or seam welding

machines and retains its strength for

continuous service at tem peratures

of the order of 350°C. Available

in rod, plate, sheet and sections,

“  K um ium  ” can be supplied to give

the following range of p roperties:

Maximum stress 23-30 tons/in 2

Elongation 20-15% on 2"

Conductivity 82-80% that of
H.C. Copper

P lease  w r i t e  f o r  f u r t h e r  i n f o r m a t i o n  t o :

I.C.I. METALS LTD
W 1TTON, BIR M ING H A M

Sales Offices a t:
MILL H IL L , LONDON, N .W . 7  • BELFAST • BRADFORD 
BRISTOL • CARDIFF • DUBLIN • GLASGOW • LIVERPOOL 
MANCHESTER • NEW CASTLE-ON-TYNE • SHEFFIELD 

SHREWSBURY • SWANSEA • YORK
M.31

\\U* CO«'1

s°un

u s e
v i s e

Full detai ls  from

M ULTIPLE A C T IN G  FLU X  LTD.
SHEFFIELD, 1 & 10

Telegrams' Telephone:
"  Brimulta, Sheffield.”  Sheffield 613381 & 23808

■  I  r f i i  m m  ON■  H  H R  ■  ■  APPROVED LISTS

Aluminium Alloy Ingots to Specification
CANLEY COVENTRY Phone 3673

P I T M A N
THE PRACTICE OF ARC WELDING
By W. Heigh. Presents the fundamental 
principles of successful welding in a simple, 
convenient and practical light, and contains 
a wealth of data based on the experience of 
w-elders of all kinds. 5s. net.
PANEL BEATING & SHEET METAL 

WORK
By Sidney Pinder. A practical guide for all 

| students and apprentices who are connected 
with this branch of metal work, particularly 
the motor and aero trades. 4s. net.

PA R K ER  ^  ^  ^  KINGSWAY= s s = B O O K S = s =



THOS FIRTH t  JO H N  BROWN LTD SHEFFIELD

FIRTH f BROWN
T  u m

C A R B ID E  T IP P E DS A W S
ESSENTIAL T O  H IG H -S P E E D  

P R O D U C T I O N

SPEEDS IN EXCESS OF 3,000 FT. 
PER MINUTE WITH HIGH RATES 

OF FEED

Saws are fitted with renewable 
inserted teeth

A u g u s t ,  1 9 4 4

f S J p J I g g p p

TRIMMING 
& SLITTING 
EQUIPMENT

LIGHT METALS

Doubl e  Head Edge 
Trimming Machine for 

Aluminium alloys from 
to 40' wide and up 
¥ thick complete with 
unwinding . stand. scrap 
edge winder and coiler.

Advts. xxviii
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ALUMINIUM alloyed with
MANGANESE. TITANIUM. CHROMIUM. \  
NIOBIUM. TANTALUM. TUNGSTEN. BORON. 
VANADIUM. ZIRCONIUM. MOLYBDENUM. 
IRON. SILICON. MAGNESIUM. NICKEL. ETC. ..

DIE CASTINGS

D Y S O N  & C O . ,  ENFIELD  (1919) LTD.,  S o u t h b u r y  W o r k s ,  P o n d e r s  End
TELEGRAMS:  “  D'ESINKER. PHONE. ENFIELD." TELEPHONE: HOWARD. 1484 (S  UNES)

“ L IO N  B R A N D ”

E R S  and ALUMINIUM
MASTER ALLOYS

ESTABLISHED IBEG
Telegrams - Blackwell, Liverpool. 
Telephone - Garston 980 (3 lines).

B L A C K W E L L S  M E T A L L U R G I C A L  W O R K S  L T D .
THERMETAL HOUSE, GARSTON. LIVERPOOL 19

W o r k s :  B i n k s  R o a d . S p e k e  R o a d  a n d  C h u r c h  R o a d . G a r t t o n

To SMELTERS & USERS of ALUMINIUM
LARGE QUANTITIES of SEGREGATED _  '

AVAILABLE for IMMEDIATE DISPOSAL

R .J.O O LEY g ^ O N (Ĥ D P  ’ L— ° ° "
JUBILEE WORKS. CHAPEL .RO.AD,. HOUNSLOW. MIDDLESEX . M A N C H ESTER

C astings
C o m p le te  ra n g e  of 

A lum in ium

Specialists in 
P re s su re C a stln g s In 
ZINC, LEAD and TIN  
BASE, also G ra v ity
Castings — BRASS and

---------------- M IS C E L L A N E O U S ----------------
MONOMARK Service. P e rm a n e n t L ondon  ad d ress . L e tte rs  
red irec ted  5 /- p .a . W rite  BM /31G N 092, W .C .l. 84/3124

SUBSCRIPTION R A TES: Liffh t M eta ls  will be sen t post paid 
fo r  one y ea r fo r 2 0 /-. S h o rter periods pro ra ta . Send 
rem ittan ce  to th e  publishers.

•ALUMINIUM
SA N D  &  G R A V IT Y  D IE  CAST ING S 

FO R A L L  T R A D E S

CASTINGS
SAN

?5he
B R I D G E  F O U N D R Y  l t d .' 

W E D N E S B U R Y  • S T A FF S
•PHONE: WEDNESBURY 0109------------------------
---------------- ’GRAMS: ALSPELCO, WEDNESBURY

N D U S T R IA L  A N D  
M E T A L L U R G IC A L  

X - R A Y  S E R V IC E
LO N D O N  LA B O R A T O R IE S : 

Grove Works. Grove Place. ACTON. London, W 3.
Head OWice and Midland Laboratories :
53. Wentworth Road. Harborne, BIRMINGHAM. 17

now

P rin te d  in  E n g lan d  a n d  P ub lished  M onth ly  b y  th e  P ro p rie to r» , T E M PL E  P R E S S  L T D ., BO W LIN G  G R E E N  L A N E , LO N D O N . E .C .l .
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