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A b s t r a c t  

Annealing studies in air at 270 °C of Cu-Au alloys and pure copper in relation to 
composition and structure have been performed. The progress of oxidation was monitored 
by the X-ray powder diffraction method, and for Cu6a.4Aua~.6 alloy the oxidation study 
was also performed on a spherical crystal. Some remarks on the formation of copper 
oxides in Cu-Au alloys and pure copper are made. 

1. I n t r o d u c t i o n  

In t e r ac t i on  of  c o p p e r  wi th  o x y g e n  is an  i m p o r t a n t  a s p e c t  o f  m a n y  coppe r -  
b a s e d  ma te r i a l s  p o s s e s s i n g  p rac t i ca l  i m p o r t a n c e  (used  in catalysis ,  mic roe -  
l ec t ron ic  and  s u p e r c o n d u c t i n g  devices) .  I t  is for  ins tance  well  k n o w n  tha t  
va r ious  a m o u n t s  o f  o x y g e n  in C u - O  layers  of  1-2-3- type h igh  t e m p e r a t u r e  
s u p e r c o n d u c t o r s  a re  poss ib le .  This  is crucia l  for  these  ma te r i a l s  as  it is 
co r r e l a t ed  wi th  s u p e r c o n d u c t i n g  p r o p e r t i e s  (T¢, Je). This  e n c o u r a g e d  us  to  
u n d e r t a k e  an  X-ray  s tudy  of  the  ox ida t ion  of  pu re  c o p p e r  and  c o p p e r  a l loyed 
with  nob le  gold,  a l t hough  a n u m b e r  of  r ev iews  cove r ing  the  ox ida t ion  o f  
me t a l s  h a v e  b e e n  pub l i shed  p rev ious ly  [1 -7 ] .  

Recen t ly  we  have  pub l i shed  X-ray p o w d e r  da ta  on  the  ox ida t ion  o f  
CU6s.4Au31.6 , Cu50Auso and  Cu2~Au75 al loys  in air  a t  270  °C [8]. He re  we  
p r e s e n t  n e w  e x p e r i m e n t a l  da t a  ob ta ined  f r o m  oxida t ion  of  Cu6s.4Au31.6 spher ica l  
c rys ta l s  a n d  polycrys ta l l ine  coppe r .  The  oxida t ion  was  p e r f o r m e d  as in ref.  
8 which  a l lowed us  to  p r e s e n t  a lso  s o m e  s u m m a r i z i n g  resul ts .  

2. E x p e r i m e n t a l  de ta i l s  and  r e s u l t s  

The  ox ida t ion  p r o c e s s  was  p e r f o r m e d  and  the  p r o g r e s s  of  ox ida t ion  was  
e x a m i n e d  in the  w a y  desc r ibed  in ref. 8. 

2.1. O x i d a t i o n  o f  Cu68.4Au31.6 c r y s t a l  

The  spher i ca l  c rys ta l  o f  a Cu68.4Au31.6 c o m p o s i t i o n  w a s  p r e p a r e d  as  in 
ref.  9. The  p h o t o g r a p h s  w e r e  t a k e n  on  a W e i s s e n b e r g  g o n i o m e t e r  us ing  Cu 
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Fig. i. The oscillation photograph of Cu6s.4AuaL8 crystal (oscillation axis, [Ii0]). 

[ool] 
(a) Co) 
Fig. 2. The photographs of Cu6a.4Aual.8 crystal after annealing in air for 5 days at 270 °C: (a) 
oscillation photograph (oscillation axis, [110]); (b) Weissenberg zero-layer photograph. 

Ka radiation. Figure 1 shows the oscillation photograph of the crystal before 
its oxidation. The CuaAu(II) long-period superstructure could be recognized. 
Next the crystal was annealed in air for 5 days. The oscillation and Weissenberg 
photographs are given in Fig. 2. From a comparison and analysis of the 
photographs shown in Figs. 1 and 2 it may be seen that oxidation of the 
crystal leads to the oriented growth of Cu20 on it, so that the cubic axis 
of the mother CuaAu crystal and Cu20 are parallel. However, as the lattice 
parameters differ substantially (3.782/~ for a subceU of Cu6s.4Aual.6, 4.268 
/~ for the Cu~O cell) this leads to strains and relatively smoothed reflections. 
However, in spite of this the same long-period superstructure of the matrix 
crystal could still be recognized. It was checked that after oxidation for 5 
days the mother  crystal does not exist any more, although the previous bulk 
spherical form was preserved. The photograph made by the oscillation method 
showed only the presence of AuCu(I) and copper oxides in a fully polycrystalline 
state. 

2.2 Oxidat ion o f  copper fi l l ings 
The powder diagrams were made on a Stoe transmission diffractometer 

using Cu Kal radiation [10]. First a diagram of a non-oxidized sample was 
taken. Next, the sample was heated in air for some days and examined on 
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Fig. 4. The relative change of CW(Cu + CuzO) in the progress of copper oxidation. 
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Fig. 5. The relative diminishing of copper,  CuaAu, CuAu and CuAu3 phases  during the annealing 
process  in air at 270 °C: curve a, copper; curve b, Cu3Au; curve c, CuAu; curve d, CuAu3. 
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Fig. 6. The powder diffraction diagrams of the copper oxide lines ((111) line for Cu20, (200) 
and (-111) lines for CuO) after annealing of copper, Cu6s.4Au31.e and Cus0Auso at 270 °C: curve 
a, for pure copper; curve b, for Cu6s.4Auzl.6; curve c, for CusoAus0. 

the  p o w d e r  d i f f rac tometer .  This  p r o c e d u r e  was  r e p e a t e d  until  the  in tens i ty  
o f  the  l ines s h o w e d  prac t ica l ly  no  m o r e  change .  Se lec ted  diffract ion p a t t e r n s  
a re  p r e s e n t e d  in Fig. 3. S o m e  charac te r i s t i c  t endenc i e s  of  the  ox ida t ion  o f  
the  c o p p e r  fillings can  b e  seen:  (1)  the  ox ida t ion  b e c a m e  s lower  wi th  t ime  
and  prac t ica l ly  s t o p p e d  a f t e r  68 days ,  (2)  the  l ines  f r o m  Cu20 axe m u c h  
m o r e  in tense  t h a n  the  l ines f r o m  CuO, (3)  the  s h a r p n e s s e s  of  the  di f f racted 
l ines f r o m  c o p p e r  and  Cu20  are  c o m p a r a b l e .  

3. D i s c u s s i o ~  

The  Cu(I)  ox ides  f o r m e d  on  c o p p e r  spher i ca l  c rys ta l s  have  b e e n  p r ev ious ly  
s tudied  in ref.  5. I t  w a s  s h o w n  tha t  the  Cu20 crys ta l l i tes  could  p o s s e s s  on ly  
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Fig. 7. (continued) 

circular ordering about definite poles of the copper crystals. As was shown 
in this experiment, the cuprous oxide formed in air at 270 °C on a Cu6&4AUal.6 
spherical crystal grew in a strongly oriented way, e.g. the cubic axes of both 
phases were parallel. Obviously, if the oxidation time was long enough, the 
decomposition of the matrix crystal led to polycrystallinity of the whole 
sample and loss  of  correlation (Fig. 4). 
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Fig. 7. Cell parameters of the diminishing mother phases and phases appearing during the 
annealing process in air at 270 °C (a) for Cu68AAual.6, (b) for CusoAus0 and (c) for Cu2~u75: 
- - - ,  cell parameters of the starting phase; , cell parameters of the appearing phases. 

However,  another remarkable observation could be  made from a com- 
parison of the experimental results for copper,  Cu6s.4Au81.6, CusoAuso and 
Cu2~Au75 (obtained in this work and our earlier paper  [8]). The essential 
results are presented in Figs. 5-7 .  Figure 5 shows the relative diminishing 
of  copper,  Cu~Au, CuAu and CuAua phases at appropriate fillings by their 
oxidation at 270 °C in air. Figure 6 shows the powder  diagrams of the 
copper  oxide lines in a selected area observed after oxidizing of copper,  
Cu6s.4Au31.B and Cu~oAu~0 at 270 °C for 100 days. Figure 7 shows the cell 
parameters  of the diminishing mother  phase and a phase richer in gold that 
appears  during the oxidation processes.  Our observations led to the following 
conclusions. 

(a) The oxidation of  copper  is slower than that of  Cu-Au alloys. 
(b) The oxidation of  copper  practically s tops after a certain time interval, 

whereas  that of  Cu-Au alloys continues until complete decomposit ion of  the 
alloys on gold and on copper  oxides occurs (this confirms our earlier suggestion 
that there is a tendency of  the constituent atoms in Cu-Au alloys to separate 
[8]; the outward diffusion of copper  atoms to the alloy surface does not 
allow continuous and therefore protective oxide films to form). 

(c) Decomposit ion of  the mother  phase does not  involve a continuous 
concentration gradient in this phase. The sample composit ion changes stepwise 
crystallite by  crystallite to the nearest  gold-richer phase. 

(d) The greater the gold content  in a Cu-Au alloy, the greater the ratio 
CuO:Cu20 and the lower the crystallinity of the copper  oxides. 
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(e)  T h e r e  is  n o  d i r e c t  r e l a t i o n  b e t w e e n  o x i d a t i o n  a n d  g o l d  c o n t e n t  in  
C u - A u  al loys .  T h e  s t a t e  a n d  d e g r e e  o f  o r d e r  of  t he  a l loy  s h o u l d  a l so  be  

t a k e n  i n t o  a c c o u n t .  

R e f e r e n c e s  

1 R. F. Tylecote, J. Inst. Met., 78 (1950) 259. 
2 K. R. Dixit and V. V. Agashe, Z. Naturforsch., Tell A, 10 (1955) 152. 
3 K. R. Dixit and V. V. Agashe, Z. Naturforsch., Teil A, 11 (1956) 41. 
4 K. R. Dixit and V. V. Agashe, Z. Naturforsch., Teil A, 12 (1957) 96. 
5 E. Menzel, W. Stossel and C. Menzel-Kopp, Z. Naturforsch., Teil A, 12 (1957) 404. 
6 C. Menzel-Kopp, Z. Naturforsch., Teil A, 12 (1957) 1003. 
7 W. Joenicke, S. Leistikow and A. Stadler, J. Electrochem. Soc., 111 (9) (1964) 1031. 
8 J. Janczak and R. Kubiak, Proc. 1st Eur. Powder Diffraction Conf., Munich, in Mater. 

Sci. Forum, 70-82 (1991) 567-574. 
9 R. Kubiak and J. Janczak, J. Alloys Comp., 175 (1991) 133-140. 

10 B. Baumgartner, K. Braun, B. Dollmann, B. Herth, H. Langhof and E. WSlfel, Modern Fast 
Automatic X-ray Powder D~ffractometry, Stoe, Dormstadt, 1988. 


