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A STUDY OF THE INTERNAL FRICTION IN CONCENTRATED COPPER ALLOYS 

Q.P.  on^*, K. Liicke and G. Sokolowski 

Ins t i tu t  fur AZZgemeine MetaZlkunde und MetaZZphysik, RWTH Aachen, F .  R. G .  

Abstract.- In several  Cu-A1 and Cu-Zn a l loys  damping peaks a t  about 200 K have 
been observed. The e f f e c t s  a r e  due t o  in te rac t ions  of d i s loca t ions  with s o l u t e  
atoms. Possible mechanisms have been discussed. 

1. Introduction.- Internal  f r i c t i o n  e f f e c t s  a f t e r  cold-work have been s tudied exten- 

s i v e l y  on pure metals and d i l u t e  al loys.  However, they have very seldomly been ex- 

tended t o  concentrated a l loys .  So Iseki e t  a1 / l /  invest igated Cu-A1 a l loys  and found 

a very high peak i n  Cul5at%Al al loys.  In the  present inves t iga t ion  the  deformation 

and concentration dependences of t h i s  peak have been s tudied f o r  Cu-A1 a l loys  and 

a l s o  preliminary r e s u l t s  f o r  Cu-Zn a l loys  wil l  be presented. 

2. Experimental Procedure.- An automatic inverse to rs ion  pendulum was used t o  measure 

decrement and shear  modulus G during l i n e a r  heating and cooling a t  1.6 Hz. and an am- 

plitude of 5 x 1 0 - ~ / 2 / .  The samples had a diameter of 0.5 mm and a length of 15 mm. The 

a l loys  were prepared from 99.999% mater ials  and t h e  nominal contents  a r e  2, 5, 1 0  

and 15 atomic % A1 f o r  C u - A I ,  and 2.5, 5 ,  10 and 30 a t %  Zn f o r  Cu-Zn. In drawing the  

wires intermediate  anneals a t  500°C f o r  1.5 hours i n  vacuum (Cu-AI) o r  nitrogen a t -  

mosphere (Cu-Zn) have been used a t  s u i t a b l e  diameters. Thus t h e  f i n a l  drawing down 

t o  0,5 mm diameter a t  300 K determined t h e  deformation of the sample i n  reduction of 

area (RA). The time between the  l a s t  drawing and t h e  s t a r t  of cooling down t h e  pen- 

dulum cryos ta t  was normally 1 hour. 

3. Experimental Results.- For a Cul5at%Al a l loy  i n  Fig.1 decrement curves a r e  given 

f o r  d i f f e r e n t  degrees of deformation. In a1 l curves there  i s  an amp1 i tude-i ndependent 

peak a t  about 200 K ,  which f i r s t  increases with deformation, reaches a maximum a t  

55.5% RA and then decreases. Therefore the deformation of 55.5% RA has been chosen 

f o r  the f u r t h e r  invest igat ions.  

Fig.2 shows t h e  annealing behaviour of t h i s  peak in Cul5at%Al a f t e r  55.5% RA a t  

300 K. The annealing temperatures given i n  Fig.? correspond t o  the maximum tempera- 

tu res  of successive l i n e a r  heatings. A t  these  temperatures the  l i n e a r  heating was 

reversed t o  l i n e a r  cooling, during which the  measurements given i n  Fig.2 were per- 

formed. The heating curves a r e  omitted f o r  c l a r i t y ,  but they reproduce t h e  cooling 

curve of the same s t a t e  of the sample. I t  can be seen, t h a t  t h e  peak height decreases 

" Q . P .  Kong (C. P. Kung), a s  a guest  from the  I n s t i t u t e  o f  Metal Research, Academia 
Sini ca,  Shenyang , China 

Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1981539

http://www.edpsciences.org
http://dx.doi.org/10.1051/jphyscol:1981539


C5-272 JOURNAL DE PHYSIQUE 

0' 
100 150 200 250 300 

Temperature [K] 

F ig .  l I n t e r n a l  f r i c t i o n  o f  Cul5at%Al 
f o r  d i f f e r e n t  degrees o f  
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Fig. 2  Annealing behaviour o f  the 
i n t e r n a l  f r i c t i o n  peak i n  
Cul5at%Al. 

and the peak temperature i s  s h i f t e d  t o  h igher  values. The recovery o f  t h e  peak j u s t  

above room temperature corresponds t o  t h e  observat ions t h a t  a f t e r  a  low temperature 

deformation the re  i s  a  p inn ing stage a t  about 250 K fo l lowed by a s l i g h t  p inn ing bet-  

ween 280 and 340 K and t h a t  a  storage a t  room temperature f o r  1 day decreases t h e  

peak height .  Therefore the t ime i n t e r v a l s  between the  l a s t  drawing o f  the sample and 

the  coo l ing  down of the  pendulum was reduced t o  about 1 hour. 

The i n t e r n a l  f r i c t i o n  curves o f  Cu-A1 a l l o y s  w i t h  d i f f e r e n t  concentrat ions and 

the  same deformation o f  55.5% RA are depic ted i n  Fig.3. It can be seen t h a t  the  peak 

he igh t  increases s t rong ly  w i t h  concentrat ion wh i le  the peak temperature i s  almost 

independent o f  concentrat ion. 

Fig.4 gives s i m i l a r  curves f o r  Cu-Zn a l l o y s  a f t e r  55.5% RA. Also here a peak can 
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Fig.3 I n t e r n a l  f r i c t i o n  o f  Cu-A1 a1 loys  
w i t h  d i f f e r e n t  concentrat ions 
a f t e r  t h e  same deformation. 
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Fig.4 Internal  f r i c t i o n  of Cu-Zn a l loys  Fig.5 Internal  f r i c t i o n  of d i f f e r e n t  
with d i f f e r e n t  concentrations samples of Cul5at%Al a f t e r  the  
a f t e r  the same deformation. same deformation. 

be found a t  about 200 K. I t s  height i s  nearly independent of concentration f o r  2.5, 

5 and 10 a t %  Zn and increases f o r  30 a t %  Zn, where i t  i s  s t i l l  smaller  than t h a t  i n  

t h e  CulSat%Al a1 l oy. 

Fig.5 demonstrates t h e  reproduc ib i l i ty  of t h e  peak i n  CulSat%Al a f t e r  t h e  same 

deformation of 55.5% RA and pre-treatment. The height and shape d i f f e r  and espec ia l ly  

f o r  sample C t h e  high temperature s i d e  of the peak i s  very f l a t .  In two cases 

(samples B and C) there  i s  an addi t ional  small peak a t  about 235-240 K ( see  a l s o  
Fig.2). In Fig. 6 ,  where the  square of t h e  frequency f being proportional t o  the  

shear  modulus is p lo t ted ,  t h e  temperature dependence of modulus f o r  t h e  samples of 

Fig.5 i s  given as  an example. 
7-- v-- 1 

2 Fig.6 Shear modulus ( f  ) f o r  
the  samples of Fig.5 
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4. D iscuss ion. -  A t  present  no q u a n t i t a t i v e  model can d e f i n i t e l y  be assigned t o  t h e  

mechanism o f  t h e  damping peak, o n l y  some p o i n t s  o f  v iew w i l l  be discussed: 

1. A l though t h e  p resen t  a l l o y  Cul5at%AT has t h e  same A l - con ten t  as i n  /l/ and 

i n  bo th  experiments p r a c t i c a l l y  t h e  same f requenc ies  were used, i n  t h e  present  work 

t h e  peak h e i g h t  i s  s m a l l e r  by a f a c t o r  4 t o  8, t h e  peak temperature i s  lower  by 30 K 

and t h e  peak w i d t h  i s  l a r g e r  by a f a c t o r  o f  2. The reason f o r  t h i s  d i f f e r e n c e s  i s  

n o t  known; t hey  may be connected w i t h  t h e  mode and amount o f  deformat ion which a re  

n o t  g i ven  i n  /l/. 

2. Fo r  a s imple  Debye peak t h e  peak h e i g h t  Q,:, and t h e  assoc ia ted modulus 

d e f e c t  AG/G are  connected by 

where a = 1. A f t e r  deducing a s u i t a b l e  background damping curve, f o r  a l l  peaks 

va lues 0.16a50.25 were obtained. Th i s  i n d i c a t e s  a s u p e r p o s i t i o n  o f  many r e l a x a t i o n  

processes. 

3. F o r  a s i n g l e  a c t i v a t i o n  process t h e  a c t i v a t i o n  energy H can be ob ta ined  

as /3/ 

where k i s  t h e  Boltzmann constant  and 

t h e  area o f  t h e  peak i n  t h e  p l o t s  Q" vs. I / T  (Fig.5) and AR t h e  r e l a x a t i o n  s t rength .  

I n  t h e  present  case o f  supe rpos i t i ons  o f  r e l a x a t i o n  processes Eq. (3 )  g i ves  an e f f e c -  

t i v e  a c t i v a t i o n  energy Heff which shou ld  have t h e  r i g h t  magnitude i f  t h e  d i s t r i b u -  

t i o n  i n  H i s  n o t  t o o  broad. The peaks o f  Fig.5 l ead  t o  Heff =2eV, which i s  c l o s e  t o  

t h e  va lue  determined from t h e  f requency s h i f t  o f  t h e  peaks i n  /l/. 

4. A l though t h i s  va lue  Heff=2eV i s  v e r y  c l o s e  t o  t h e  m i g r a t i o n  energy o f  A1 i n  

Cul5at%Al /4/, i t  can here have no r e a l  phys i ca l  meaning. I f  one s e t s  f o r  t h e  peak 

w r = l  w i t h  

it should l e a d  t o  t h e  comple te ly  unreasonable va lue  ro = 6 X l ~ - ~ ~ s e c .  An i n t e r p r e t a -  

t i o n  o f  these h i g h  e f f e c t i v e  a c t i v a t i o n  energies i s  g i ven  by Lucke e t  a1 /5 /  and 

Koiwa /6/  by assuming t h a t  i n  t h e  temperature range o f  t h e  peak processes occur  

changing A R  o r  t h e  s imp le  temperature dependence o f  T g iven  by Eq. (4). Examples f o r  

such processes a r e  t h e  evapora t i on  o f  a C o t t r e l l  atmosphere o r  a d i s o r d e r i n g  o f  a 



Snoek o r  Zener atmosphere near the d i s l o c a t i o n  dur ing  heating, i f  the  damping mecha- 

nism i s  connected e.g. w i t h  d i f f u s i o n  o r  r e o r i e n t a t i o n  drag, respec t i ve ly .  

5. For  Cul5at%Al i t  could be shown t h a t  the  peak he igh t  f i r s t  increases w i t h  

the  degree o f  deformation, i.e. d i s loca t ions  should be involved i n  the r e l a x a t i o n  

process. The decrease a t  h igher  deformations seems t o  ind ica te ,  t h a t  due t o  t h e  i n -  

creased i n t e r a c t i o n s  between the  d is loca t ions  the  r e l a x a t i o n  s t reng th  o f  the pro- 

cess i s  decreased. Since the peak he igh t  increases w i t h  the concentrat ion (especial ly 

i n  the Cu-A1 a l l o y s )  the  r e l a x a t i o n  process should be associated w i t h  t h e  i n t e r -  

act ions between d is loca t ions  and the s o l u t e  atoms. 

6. A t  low deformations two types o f  r e s t o r i n g  forces o f  t h e  d is loca t ions  may be 

considered: The r e s t o r i n g  fo rce  due t o  the  l i n e  tens ion gives a  sp r ing  constant /7 /  

I f  the  d is loca t ions  are s p l i t  i n t o  p a r t i a l s  as i n  a l l o y s  w i t h  low stack ing f a u l t  

energy y, t h e  r e s t o r i n g  f o r c e  should be determined by the  i n t e r a c t i o n s  between the  

p a r t i a l s .  With t h e  repu ls i ve  fo rce  /8/ 

between t h e  p a r t i a l s  i n  d is tance r and the  e q u i l i b r i u m  d is tance r o = a / y  the  balance 

o f  forces i s  

and gives a  sp r ing  constant 

Using the  va lue y/G = 1 . l  X 1 0 - ' ~ r n  /9/ i t  fo l lows  from Eq. (4 )  and (7)  t h a t  K corres- 
Y  

ponds t o  an e f f e c t i v e  loop length 

This i s  o f  t h e  same order  o f  magnitude than the  loop leng th  L i n  KC f o r  heav i l y  de- 

formed samples, so t h a t  i t  i s  d i f f i c u l t  t o  d i s t i n g u i s h  between t h e  r e s t o r i n g  mecha- 

nisms by  the absolute va lue o f  the  sp r ing  constant. However, t h e  increase o f  t h e  re la-  
2 xa t ion  s t reng th  OR = AGb /K /7/ w i t h  concentrat ion as i n  the Cu-A1 a l l o y s  speaks i n  

favour o f  the s tack ing f a u l t  mechanism, s ince the increase o f  concentrat ion decreases 

-y and thus a lso  K  and increases A R .  To exp la in  t h i s  by t h e  loop leng th  mechanism 
Y 
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would r e q u i r e  an increase o f  L w i t h  concentrat ion which i s  n o t  p laus ib le .  

7. The anneal ing between 330 and 480 K decreases t h e  peak he igh t  by 80% i n d i -  
2 

c a t i n g  a corresponding reduc t ion  o f  AR=AGb /K, w h i l e  t h e  modulus curve as a whole i s  

increased by 3.6%. Both could be explained e i t h e r  by a decrease i n  L, i .e.  p inn ing  

f o r  the  case t h a t  we have s t r i n g  v i b r a t i o n s  o r  a decrease i n  A f o r  the  case t h a t  we 

have s tack ing  f a u l t  v ib ra t ions .  The increase i n  peak temperature by 19 K du r ing  re -  

covery might  a lso  i n d i c a t e  t h a t  the  low temperature processes recover f a s t e r  than 

those a t  h igh temperatures. 
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