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THE INFLUENCE OF HYDROCARBON SURFACE LAYER ON THE INTERNAL F R I C T I O N  
I N  METAL SAMPLES 

W. Chomka and E. Denga 

I n s t i t u t e  o f  Phys ics ,  TeehnicaZ U n i v e r s i t y  o f  Gda*isk, 80-952 Gdalisk, Poland 

RGsumd. Nous avons 6tudi6 en fonction de la temperature la variation du 

frottement interieur d'un composite constitud par un mQtal recouvert d'une 

couche dlhydrocarbure saturd. Le calcul de l'amortissement et du module 

de cisaillement de la couche a dtd realisd B l'aide du moddle rhdoloaique 

de Maxwell. De olus nous avons obtenu la variation du temns de relaxation. 

A b s t r a c t  - The  i n t e r n a l  f r i c t i o n  of m e t a l  and a l l o y  s a m p l e s  
c o v e r e d  w i t h  a t h i n  l a y e r  o f  s a t u r a t e d  h y d r o c a r b o n  was 
measured  u s i n g  t h e  t o r s i o n  pendulum t e c h n i q u e .  An a t t e m p t  
k a s  made t o  s e p a r a t e  t h e  i n t e r n a l  f r i c t i o n  and  s h e a r  modulus  
o f  s u r f a c e  l a y e r .  The Maxwell  r h e o l o g i c a l  model of  a l a y e r  
was u s e d  For t h e  d e s c r i p t i o n  of e x p e r i m e n t a l  r e s u l t s ,  The  
t e m p e r a t u r e  d e p e n d e n c e  o f  r e l a x a t i o n  time was  o b t a i n e d .  

EXPERIMENTAL PZOCEDURE 

The measu remen t s  o f  i n t e r n a l  f r i c t i o n  w e r e  pe r fo rmed  w i t h  a t o r s i o n  

pendulum o s c i l a t i n g  a t  0.5 to  3.5 Hz and i n  t h e  t e m p e r a t u r e  r a n g e  
1 5 0  t o  300  K, The s a m p l e s  made from Au, P t ,  Cu, Mo a s  well as f rom 

Copt  and Fe+0.2%Ti a l l o y s  had a form o f  &i re  1.0 t o  1,5 mm i n  

d i a m e t e r  and 6 0  t o  70 mm i n  l e n g t h .  A f t e r  moun t ing  t h e  s a m p l e s  i n  
t h e  pendulum t h e y  w e r e  p r e h e a t e d  and t h e  i n t e r n a l  f r i c t i o n  s p e c t r a  

of c l e a n  s a m p l e s  s e r e  r e c o r d e d .  Then t h e  s a m p l e s  were  c o v e r e d  w i t h  
a l a y e r  o f  h y d r o c a r b o n  C10H22, C12H26, C14H30, a n d  C16H34. The 
t h i c k n e s s  o f  h y d r o c a r b o n  l a y e r  was  e s t i m a t e d  as a b o u t  2 &m. The 

l o g a r i t h m i c  d e c r e m e n t  o f  f r e e  v i b r a t i o n s  damping 6 was d e t e r m i n e d  
/ I;-' = 8/n /. S i m u l t a n e o u s l y  t h e  f r e q u e n c y  of v i b r a t i o n s  f  r tas  

r e c o r d e d .  The s q u a r e  o f  f r e q u e n c y  is p r o p o r t i o n a l  t o  t h e  s h e a r  

modulus  / f2- G/. The h e a t i n g  r a t e  of  t h e  s a m p l e  % a s  a b o u t  1.5 IVmin. 

RESULTS AND DISCUSSION 

I n  T a b l e  I t h e r e  a r e  l i s t e d  t h e  v a l u e s  o f  t e m p e r a t u r e s  f o r  i n t e r n a l  
f r i c t i o n  peak f o r  Cop t  s a m p l e s  c o v e r e d  ~ i t h  d i f f e r e n t  h y d r o c a r b o n  

l a y e r s  as  w e l l  a s  m e l t i n g  t e m p e r a t u r e s  f o r  t h e s e  h y d r o c a r b o n s  [A). 
Good a g r e e m e n t  be tween  t h e  peak  t e m p e r a t u r e  Tk, and m e l t i n g  
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temperature o f  hydrocarbon conf i rms t h e  hypothesis t h a t  t h e  i n t e r n a l  

f r i c t i o n  peak appears a t  t he  m e l t i n g  temperature o f  t he  sur face 

l aye r .  Fig. 1 shows the  t y p i c a l  i n t e r n a l  f r i c t i o n  spec t ra  U-' /T/ 

and shear modulus changes f2  /T/ f o r  Cu, Au and Fe+O.2%Ti samples 

covered w i t h  C16H34 hydrocarbon. S i m i l a r  dependences were found 

f o r  a l l  t es ted  samples. An asymmetric charac ter  o f  the  peak i s  

c l e a r l y  seen as w e l l  as the  regu la r  changes o f  v i b r a t i o n  frequency 

f o r  the  samples w i t h  hydrocarbon l aye r .  For t he  temperatures h igher  

than TIq the v i b r a t i o n  frequency o f  covered samples reaches the 

va lues  c h a r a c t e r i s t i c  f o r  uncoated sample. 

The shape o f  t he  h i g h  temperature s lope o f  t he  peak i s  approximated 

because o f  t he  deformat ion  peak which appears on the  covered 

sample [ 2 ] . ~ i ~ .  2 s h o w  t h e  dependence between t h e  maximum he igh ts  

P and the  shear modulus de fec t  A G / G .  The modulus de fec t  due 
t o  hydrocarbon l a y e r  was obta ined as (f: - f;)/ f: / a t  220 I</ 

where fo  and f B  are  v i b r a t i o n  f requencies f o r  coated and 

uncoated sample, respec t i ve l y .  

Table 5 

The l i n e a r  dependence bdtrreen 5 ~ ; :  and AG/G may suggests t h a t  

i n  the  case o f  d i f f e r e n t  m a t e r i a l s  covered w i t h  the same hydrocarbon 

the re  i s  the  same mechanism respons ib le  f o r  t he  fo rmat ion  o f  

i n t e r n a l  f r i c t i o n  peak. In Fig. 2 t he re  are  a l s o  i nc luded  the  da ta  

obta ined from anneal ing measurements o f  hydrocarbon l aye r .  

Basing on Le fev re  [3] and Shermiergor p] models an at tempt was 

made t o  c a l c u l a t e  the  i n t e r n a l  f r i c t i o n  and shear modulus f o r  

hydrocarbon sur face l aye r .  Neg lec t i ng  the  e f f e c t s  connected w i t h  

i n t e r a c t i o n s  between hydrocarbon l a y e r  and the  b u l k  and assuming 
t h a t :  

- the  l a y e r  i n  a form o f  c y l i n d e r  i s  r i g i d l y  bonded t o  the  subs t ra t ,  

- e l a s t i c  energy Wo s t o r e d  i n  t he  sample i s  t he  sum of  energy 

s t o r e d  i n  t he  l a y e r  L'dL and i n  t he  b u l k  UB, 

- energy d i s s i p a t e d  i n  one period of  s t r e s s  changes VJO i s  t he  sum 
of  energies d i s s i p a t e d  i n  t he  l a y e r  and i n  t he  bulk,  

Copt sample w i t h  
hydrocarbon 
l a y e r  

%oH22 

'12'26 

'14~30 

'16~34 

temperature 

o f  Q''/T/ 
maximum 

" 230 I< 

260 I< - 275 K 

-290 K 

m e l t i n g  temperature [i] 

experim. 

242 K 

250 K 
278 K 

293 I< 

theoret .  

230 K 

263 K 

270 K 

286 I< 



we obta ined t ha f ol lobving r e l a t i o n s  f o r  

a/ i n t e r n a l  f r i c t i o n  i n  sur face l a y e r :  

b/ shear modulus o f  sur face l a y e r :  

- 1 nhere Po f and u;'. f g  e re  tho  i n t e r n a l  f r i c t i o n  and 
0 

v i b r a t i o n  frequency f o r  coated and uncoated sample, r e s p e c t i v e l y ;  

r i s  the  rad ius  o f  uncoated sample, R = r + x i s  the  rad ius  o f  

sample covered r $ i t h  a l a y e r  o f  th ickness  x. The constant  A = 8 ~ r .  I1 
/ form the  r e l a t i o n  f 2  = G R ~  /8rr11 / where 1 i s  the l e n g t h  o f  the  

sample and I i s  t he  moment of i n e r t i a  o f  v i b r a t i n g  system. 

The temperature dependence o f  i n t e r n a l  f r i c t i o n  f o r  sur face l a y e r  

Q;' obta ined w i t h  eq. /1/ f o r  Cu, Au and Fe+0.2XTi samples 

covered w i t h  C16H34 hydrocarbon is shown i n  Fig.  3. The equat ion  

/I/ is v e r y  s e n s i t i v e  t o  fz changes as w e l l  as t o  Q;' values. 

I n  the h i g h  temperature range the  deformat ion  peak makes 

imposs ib le  t h e  p rec i se  de te rm ina t i on  o f  t h e  main maximum slope. 

Because o f  t h i s  inaccuracy  the  c a l c u l a t i o n s  were per-formed down t o  

Tp, only. I t  is impor tan t  t o  n o t i c e  t h a t  the  runs o f  each curve are  

d i f f e r e n t  though they were obta ined f o r  t h e  same hydrocarbon layer .  

Hence, i t  i s  reasonable t o  assume t h a t  the  separated i n t e r n a l  

f r i c t i o n  Q;' is no t  o n l y  due t e  hydrocarbon but  i s  connected w i t h  

the  p r o p e r t i e s  o f  t he  bu l k - l aye r  i n t e r f a c e .  

I n  Fig. 3 the re  i s  a l s o  i nc luded  the  t y p i c a l  change o f  separated 

shear modulus GL / f o r  A I J + C ~ ~ H ~ ~  sample/. The d i s t i n c t  changes o f  

shear modulus from zero /T >Tr /  t o  t h e  maximum va lue  / T C T t d  a re  

seen, Below the temperature o f  about 220 K shear modulus reaches 

the  constant  value, 

Such charac ter  o f  damping can be exp la ined when vie consider  

t he  l a y e r  as the  maxwel l ian body w i t h  a s i n g l e  r e l a x a t i o n  process 

and tho  b u i k  as an i d e a l  e l a s t i c  body. Then the  genera l  expression 

f o r  complex modulus has a form: 
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and 

- t h e  i n t e r n a l  f r i c t i o n  i s  d e f i n e d  a s  

b u h e r e o  is t h e  a n g u l a r  v e l o c i t y , ~  i s  t h e  time c h a r a c t e r i s t i c  f o r  

r e l a x a t i o n  p r o c e s s  and i s  s h e a r  modulus  o f  h y d r o c a r b o n  l a y e r  

measured  f o r  v e r y  h i g h  v i b r a t i o n  f r e q u e n c i e s .  

S o l v i n g  t h e  eqns .  /4/, / 5 /  t h e  Q;' = l / w r  c a n  b e  d e t e r m i n e d .  The 
r e s u l t s  a r e  t h e  same a s  p r e s e n t e d  i n  F i g .  3,  a s  e x p e c t e d .  

O b t a i n e d  v a l u e s  ofw't .  a l l o w  t o  c a l c u l a t e  t h e  t e m p e r a t u r e  d e p e n d e n c e  

o f  r e l a x a t i o n  t i m e  z . F i g .  4 shows t h e  d e p e n d e n c e s  o f  l n z  v s  
3 10 /T d e t e r m i n e d  f o r  t h e  s a m p l e s  p r e s e n t e d  i n  F i g ,  2. 

I f  we assume t h e  v a l i d i t y  o f  A r r h e n i u s  l a w ,  t h e  a c t i v a t t o n  e n e r g y  E 

comes t o  be t e m p e r a t u r e  d e p e n d e n t  and i t s  v a l u e  i n c r e a s e s  v+ i th  

i n c e r e s s e  o f  t e m p e r a t u r e .  S u c h  d i s c r e p a n c y  be tween  t h c  I n z  v s  T-A 

d e p e n d e n c e  and  t h a t  e x p e c t e d  f o r  a d o p t e d  model i n d i c a t e s  t h a t  the 
i n t e r a c t i o n  p r o c e s s  be tmeen a l a y e r  and  t h e  b u l k  s h o u l d  b e  t a k e n  

i n t o  a c c o u n t  b hen a n y  r e a l  p h y s i c a l  model o f  damping is p roposed .  
The a p p l i e d  Ma::well model g i v e s  s a t i s f a c t o r y  b u t  o n l y  f o r m a l  

d e s c r i p t i o n  o f  e x p e r i m e n t a l  r e s u l t s ,  The q u a n t i t a t i v e  d i s c u s s i o n  

o f  o u r  c a l c u l a t i o n s  s h o u l d  b e  v e r i f i e d  by the r e s u l t s  o f  sup- 
p l e m e n t a r y  measu remen t s  o f  dynamic  p r o p e r t i e s  o f  hydroca rbon .  

CONCLUSIONS 

1. It n a s  c o n f i r m e d  t h a t  t h e  t e m p e r a t u r e  p o s i t i o n  o f  i n t e r n a l  
f r i c t i o n  maximum c o r r e s p o n d s  v;ith t h o  m e l t i n g  t e m p e r a t u r e  o f  s u r f a c e  

l a y e r .  
2. The  l i n e a r  d e p e n d e n c e  b e t w e e n &  G/G and s u g g e s t s  t h e  same 

mechanism r e s p o n s i b l e  f o r  i n t e r n a l  f r i c t i o n  peak i n  t h e  c a s e  of  

d i f f e r e n t  s a m p l e s  c o v e r e d  i v i t h  t h e  g i v e n  s u r f a c e  l a y e r .  

3. D i f f e r e n c e s  be tween  s e p a r a t e d  0;' c u r v e s  f o r  t h e  same 

h y d r o c a r b o n  r e q u i r e  t h e  a s s u m p t i o n  t h a t  t h e  i n t e r n a l  f r i c t i o n  is 
d u e  a l s o  t o  t h e  p r o p e r t i e s  of  b u l k - l a y e r  i n t e r f a c e .  

T h i s  work Nas s u p p o r t e d  by P o l i s h  Academy o f  S c i e n c e s  u n d e r  t h e  

g r a n t  o f  MR I 24 problem. 
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Fig.1 - Temperature dependence 
of internal friction ~ - " / i /  and 
vibration frequency f ' / ~ /  for: 
a/- - - Cu, - C U + C ~ ~ ~ . L ~ ~  

b/- - - h u  , - Au+C 1 6 ~ ~ 3 4  
c/- - - F e c O .  2,Ji ,- Fe+0.2>jTi 

"'16~34 
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Fig .2  - Eependence  botvseen A G ~  and A G/G 
f o r  : 
0 - C O P ~ + C ~ ~ H ~ ~  a/ n o n a n n e a l e d  

b/ a n n e a l e d  a t  343 1: 
c/ a n n e a l e d  a t  3 6 3  K 

I -  Fe+0,2Ti+C16H34 a / n o n a n n e a l e d  
b/ a n n e a l e d  a t  363K 

Q -  % - C U + C ~ ~ H ~ ~ , ' - M O + C ~ ~ H ~ ~  

F ig .  3 - T e q p e r a t u r e  d e p e n d e n c e  o f  Fig.4 - T o m p e r a r u r e  dependence  
s e p a r a t e d  0; f o r  h y d r o c a r b o n  L a y e r  o f  L n r d e t e r r n i n e d  f rom:  
d e t e r m i n e d  f r o n :  1/-Au, 2/-Cu, 1/-Au, 2/-Cu, 3/-Fe+0.2;~~Ti 
~ / - F ~ + O . ~ T ~ ( + C ~ ~ H ~ ~ )  measurements .  (+C16H34) measu remen t s .  
S e p a r a t e d  s h e a r  modulos  GL d e t e r -  
mined f rom A U + C ~ ~ H ~ ~  measurement.  


