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Ra the r  few- electron-microscope ob- 
servat ions have  been t i l l  now per formed 
on the  cluster ing of lat t ice vacancies  in 
quenched and annealed specimens of 
noble-metal  al loys (1). On the  contrary,  
a great  a m o u n t  of exper imenta l  resul ts  
is avai lable for pure  noble metals  (2). 
This note  describes the  first results of 
an e lect ron-microscope research on va-  
cancy cluster ing in Cu3Au f.c.c, alloy. This  
alloy shows an order-disorder  t rans i t ion  
a t  the cri t ical  t empera tu re  T ~ 3 9 0  °C. 

Unfaul ted  dis locat ion loops, s tacking- 
fault  t e t r ahedra  and poligonal  faul ted  
dislocation loops have  been observed in 
different areas of the  same specimen.  

Thin  foils of polycrysta l l ine  Cu~Au (*). 
alloy (pur i ty  99.98%, thickness 50 9m) 
previous ly  annealed for 50 h at 930 °C in 
very  purified argon atmosphere,  were 
quenched in v a c u u m  (10 -5 Torr) f rom a 
furnace at 900 °C into a silicon oil b a t h  

(t) G. TItOMAS a n d  J .  \\'ASHBURN: I~EV. 
3Iod. Phys . ,  35, 922 (1963). 

(2) R .  M. ,1. COTTERIL: Lattice 1)elects i~l 
Que~ched Metals (New York ,  1965), p. 97. 

(*) Supp l i ed  b y  Mcta l l i  Prcziosi .  

at  0 °C. Some of the  quenched specimens 
were annealed for about  1 h at 100 °C, 
some others for about  1 h at  200 °C. 
Fol lowing this t r ea tment ,  the  specimens 
were th inned  in a b a t h  of potass ium 
cyanide at 60 °C, and then observed 
wi th  a Siemens Elmiskope  I 100kV 
electron microscope wi th  a double- t i l t  
specimen holder (*). Nei ther  traces of 
vacancy  clusters nor  detectable  nuclei of 
order have  been observed ia  quenched 
and unannealed specimens ( thinned in 
a 70% acetic acid and 30% perchloric 
acid ba th  at 0 °C). 

The observed defects ranged widely  
in shape and size bo th  from one to 
another  specimen,  and from one to 
another  area of the  same specimen. 
Areas of specimens quenched  from 900 °C 
and annealed for l h at 100°C are 
shown in the micrographs  of Fig. 1 and 2. 
Stacking-faul t  t e t r ahed ra  ( ~  3" 1013/cm 3) 
aud poligonal faul ted  dis locat ion loops, 

(*) E l ec t ron -mic roscope  obse rva t i ons  h a v e  
been  ca r r i ed  ou t  a t  t he  L a b o r a t o r i o  di Micro- 
scopia~ E le t t ron iea ,  I s t i t u t o  di Fis iea del l 'Uni-  
vers i t ' l ,  Bo logna .  
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in ra ther  low concentra t ion ( <  10in/era3), 
are visible.  Figures  3 and 4 show micro- 

F i g .  1. S t a c k i n g - f a u l t  t c t r a h e d r a  in  a s p e c i m e n  
of Cu3Au q u e n c h e d  f r o m  900 cC i n t o  a s i l i con  
oil b a t h  a t  0 °C, a n d  a n n e a l e d  for  1 h a t  100°C 
T h e  e l e c t r o n - b e a m  d i r e c t i o n  is  c lose  t o  [1 2 3]. 

F i g .  3.  - U n f a u l t e d  d i s l o c a t i o n  loops  in  a spec -  
i m e n  of Cu3Au  q u e n c h e d  f r o m  900 °C i n t o  a 
s i l i con  oil b a t h  a t  0 °C a n d  a n n e a l e d  fo r  1 h 
a t  200 *C. T h e  e l e c t r o n - b e a m  d i r e c t i o n  is  c lose  

t o  [l  1 0]. 

graphs of areas of specimens quenched 
from 900 °C and annealed for 1 h at 
200 °C. Unfaulted dislocation loops 
(~10X4/crn3), of the kind mostly observed 
in quenched A1 (3) are evident in Fig. 3. 

F i g .  2. - S t a c k i n g - f a u l t  t e t r a h e d r a  a n d  f a u l t e d  
d i s l o c a t i o n  l oops  in  a s p e c i m e n  of  CuaAu  q u e n c h e d  
f r o m  900 ~C i n t o  a s i l i con  oil b a t h  a t  0 °C, a n d  
a n n e a l e d  f o r  1 h a t  100 °C. T h e  e l e c t r o n - b e a m  

d i r e c t i o n  is c lose  to  [1 2 3]. 

F i g .  4. - S t a c k i n g - f a u l t  t e t r a h e d r a  i n  a s p e c i m e n  
of CuaAu q u e n c h e d  f r o m  900 °C i n t o  a s i l i con  
oil b a t h  a t  0 °C, a n d  a n n e a l e d  fo r  1 h a t  200 °C. 
T h e  e l e c t r o n - b e a m  d i r e c t i o n  is  c lose  to  [1 1 0]. 
F a r  t h e  e x p l a n a t i o n  of  .4 a n d  B see  t h e  t e x t .  

Triangular shape A (max. linear dimen- 
sion 3000A,  density ~ 101a/cm a) and 

(a) 1 )  B .  HIRSCH, J .  SILCOX, R .  S. S.~I,~LL- 
~fAN a n d  K .  H .  V~rt~STMACOTT: P h i l .  B f a g . ,  3 ,  

$97 (1958).  

linear shape B (max. linear dimensions 
3000•, density ~ 1013/cm 3) defects are 
well visible in the micrograph of Fig. 4. 
The linear defects B are probably 
stacking-fault tetrahedra truncated dur- 
ing the electrothinning of the specimen. 
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Stacking-faul t  t e t r ahedra  of ra ther  smal- 
ler size than  those of Fig. 4, and similar 
in dimension to those observed in pure  
gold, quenched and annealed at  the  
same t empera tu re  (4), are ev iden t  in some 
other micrographs.  The  m a x i m u m  den- 
s i ty  and the  m a x i m u m  linear dimension 
of the defects, and the corresponding 
vacancy concent ra t ion  Cv,~,~ are g iven  
in the  Table. 

seems to be cr i t ical  in pure  metals 0). 
Similar  defects have  been observed also 
in pure goht (7). In  both  cases the pres- 
ence of unfaul ted  dislocation loops, 
typica l  of AI, is not  evident .  

The presence of nnfaul ted  pr ismat ic  
dislocation loops from one side and of 
s tacking-faul t  t e t r ahedra  and faul ted 
poligonal dislocations loops from the 
other,  in different  areas of the same 

Dens i ty  
Defects  (N/era a) 

Dislocat ion loops 10 ~4 

'Max. l inear i 
I d imensi°n  i 

(X) 
Cvm~x T (°C) 

F 

j 1000 3" I0 -4 200 
I i 

3000 .I 200 Stacking-faul t  t e t rahedra  2. l0  la 10 -4 

Stacking-faul t  t e t rahedra  3. l0 ~a 2500 10-4 I 100 
I 

The vacancy concentra t ion  is in agree- 
ment  wi th  recent  exper imenta l  results (5). 

The electron-diffract ion pat terns  of 
some quenched and annealed specimens 
show super la t t iee  reflection spots, prob- 
ably due to the  presence of small ordered 
nuclei formed dur ing the annealing of 
quenched vacancies .  The diffraction 
contras t  image of the  mlclei of order is 
not  ev ident  in the  published micro- 
graphs, a l though the i r  presence is sup- 
por ted  by the  first dark-field micro- 
graphs, now avai lable .  

The presence of t e t rahedra  and of 
poligonal faul ted loops agrees wi th  the  
results of a recent  research on zone- 
refined Cu (~), in spi te  of the different 
pur i ty  of the adopted  material ,  which 

(4) J .  }dIL(!OX a n d  I ' .  [L _r-Ill~Sc~: Phil.  Mat , ,  
4, 72 (1959). 

(a) S. ]lI.:X(?l, G.  (.IASPANRINI, ]~]. GERMA- 
GNOLI a.rl(:]_ G. SCtf[ANCHI: Journ.  Phys.  Chem. 
Solids, 26, 2059 (19(;5). 

(~) L .  5I. CLAREBI1OU(;I-[, I{. L.  SEGALL a n d  
M. H.  LORETTO: Phil.  ~]Iag., 13, 12S5 (1966).  

specimen, perhaps might  be correlated 
both with  the pur i ty  of the adopted  
mater ia l  and with  a var ia t ion  of stacking- 
fault  energy, fol lowing the  different  
amount  of order in the different areas. 
Recent  works (s-0) poin ted  out  tha t  the 
s tacking-faul t  energ T depends on the 
amount  of order, decreasing with the 
increase of the la t ter .  

Fu r the r  sys temat ic  observat ions  wi th  
mater ia ls  of var ious pur i ty ,  now in pro- 
gress, would clar ify the above  s i tuat ion.  

One of us (E.R.) is indebted to the 
Ministero della Pubbl ica  Is t rnzione for 
a grant .  

(7) L ,  M. (~LARI:A~ROLrGIt, I{. L.  ~EGALL, 
M. H .  L(m~TTO a n d  M. E.  I~AR(~REAVV3S: Phil,  
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(s) ~1. 3. ~IAR(TtN[,:(}~VSK.I ~l.Ild L.  ~VVELL: 
Acla 3Iet. 11, 373 (1963).  

(~) M. J .  31ARC1Nb:OWSKt: irt Electron 3Ii- 
eroseopy a~d Strength of Crystals (New Vork ,  
1963), i t. ?,33. 


