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Summary 

The temperature dependence of steady-state melt viscosity of several polymers - 

semicrystalline and amorphous - in a broad temperature range has been studied. 

In many cases this dependence can not be expressed by an Arrhenius type equation. 

Breaks and slope changes have been observed. The influence of polymer morpholo- 

gy and molecular weight and the influence of pressure are presented. 

Introduct ion 

There  a r e  fa i r ly  numerous  proofs  about l iquid- l iquid  t r ans i t ions  in n -a lkanes  and 

po lymers  (KRUGER, 1979; PIETRALLA and KRUGER, 1980; BOYER, 1981). F o r  

polyethylenes of molecu la r  weight (Mw) 2475 and 6600 such t r ans i t i ons  were  ev iden-  

ced at 1630C and 230~ r e spec t ive ly ;  in polymethylpentene the t r ans i t ion  was o b s e r -  

ved at 316~ (KRIJGER et a l . ,  1980; 1981). In po lys ty rene  t r ans i t i on  t e m p e r a t u r e s  

were  r epor t ed  between 160~ and 190~ (SPENCER and DILLON, 1949; FOX and 

FLORY, 1950; MAXWELL and NGUYEN, 1979; LACABANNE at a l . ,  1980). The 

nature  of these  t r ans i t ions  has not been e lucidated yet .  However ,  one of t h e i n t e r -  

p re ta t ions  a s s ignes  i t  to a t r ans i t ion  f rom rubbery  region or  f rom coi l ing-uncoi l ing  

deformat ion  mechanism to s l ippage  between molecules  in the v i scous  flow region  

(HEDVAT, 198l). This change of th~ flow mechanism was explained by the d i m i n i s -  

hing or d i s a p p e a r a n c e  of in te rac t ions  between molecu les .  An a l t e rna t ive  i n t e r p r e t a -  

tion of this  t r ans i t i on  ass ignes  it to a t r ans i t i on  f rom a loca l ly  mesomorph ic  s t r u c -  

ture  to an i so t rop ic  one, i . e .  f rom par t ly  he l i x - l i ke  conformat ions  to random coi ls  

(PIETRALLA and KRIJGER, 1980; KRI~GER et  a l . ,  1980; 1981). In a previous  paper  

dea l ing  with the t e m p e r a t u r e  dependence  of the v i scos i ty  of carbon  b lack  f i l led  l i -  

near  and branched polyethylenes  (DOBRESCU et a l . ,  1981), anomal ies  have been 

observed in the t e m p e r a t u r e  range 210-230~ In o r d e r  to find the or ig in  of these  

anomal ies  the t e m p e r a t u r e  dependence of v i scos i ty  was studied for  pure  po lye thy-  

lenes  as well  as for  other  p o l y m e r s ,  d i f ferent  as chemica l  nature ,  molecu la r  

weight and morphology:polypropylene ,  po lys ty rene ,  s t y r e n e - a c r y l o n i t r i l  copo ly-  
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m e r s ,  h igh  i m p a c t  p o l y s t y r e n e  and p o l y m e r  b l e n d s .  T h i s  c o n t r i b u t i o n  r e p o r t s  s o m e  

d a t a  on t e m p e r a t u r e  d e p e n d e n c e  of s t e a d y - s t a t e  v i s c o s i t y  in  a b r o a d  t e m p e r a t u r e  

r a n g e .  

E x p e r i m e n t a l  

T h e  flow c u r v e s  w e r e  d e t e r m i n e d ,  d e p e n d i n g  on p o l y m e r  s t a b i l i t y ,  t h e i r  m o l e c u l a r  

we igh t  and m e l t i n g  t e m p e r a t u r e ,  i n  t he  t e m p e r a t u r e  r a n g e  150-290~  u s i n g  an  

INSTRON c a p i l l a r y  r h e o m e t e r .  If  not  o t h e r w i s e  s p e c i f i e d  the  c a p i l l a r y  was of 0, 06 

i nch  in  d i a m e t e r  and 4 i nch  i n  l e n g t h .  T h e  m e l t  f low index  and m e l t  d e n s i t i e s  h a v e  

b e e n  d e t e r m i n e d  in  the  s a m e  t e m p e r a t u r e  r a n g e .  

R e s u l t s  and d i s c u s s i o n  

In F i g s .  1 and 2 the  t e m p e r a t u r e  d e p e n d e n c e  of v i s c o s i t y  at  the  s a m e  s h e a r  r a t e  i s  

p r e s e n t e d  fo r  s a m p l e s  of l i n e a r  and b r a n c h e d  p o l y e t h y l e n e  of d i f f e r e n t  m o l e c u l a r  

we igh t .  

T h e  s h a p e  of the  d e p e n d e n c e  is  g e n e r a l l y  the  s a m e  if the  v i s c o s i t y  at c o n s t a n t  

s h e a r  s t r e s s  i s  c o n s i d e r e d .  H o w e v e r ,  a v e r y  i m p o r t a n t  d i f f e r e n c e  e x i s t s .  

I ndeed ,  if  a r e f e r e n c e  t e m p e r a t u r e  is  t a k e n ,  f o r  e x a m p l e  250~ and the  t e m p e r a -  

t u r e  d e p e n d e n c e  of the  r a t i o  of the  v i s c o s i t y  at  a g iven  t e m p e r a t u r e  o v e r  t h a t  a t  r e -  

f e r e n c e  t e m p e r a t u r e  i s  p lo ted ,  one ge t s  c o m p l e t e l y  d i f f e r e n t  i m a g e s .  T h u s ,  t he  

c u r v e s  ob ta ined  on the  b a s i s  of c o n s t a n t  s h e a r  s t r e s s  v i s c o s i t i e s  fo r  p o l y m e r s  of 

the  s a m e  type  but  of v a r i o u s  m o l e c u l a r  w e i g h t s  p r a c t i c a l l y  s u p e r i m p o s e  - F ig .  3. 

I t  is  w o r t h  to  no te  t h a t  the  d a t a  ob ta ined  wi th  the  s a m e  c a p i l l a r y  r e p r e s e n t  in  t h i s  

c a s e  the  v i s c o s i t i e s  at  the  s a m e  p r e s s u r e .  

T h e  c u r v e s  f o r  v i s c o s i t i e s  at  c o n s t a n t  s h e a r  r a t e  - F ig .  4 - do  not  s u p e r i m p o s e .  

In t h i s  c a s e  the  a c t i v a t i o n  e n e r g y  d e c r e a s e s  wi th  the  i n c r e a s e  of v i s c o s i t y .  It  shou ld  

b e  r e c a l l e d  t h a t  the  l o w e r  a c t i v a t i o n  e n e r g i e s  c o r r e s p o n d ,  at  c o n s t a n t  s h e a r  r a t e ,  

to  h i g h e r  p r e s s u r e s  due  to  t h e  h i g h e r  v i s c o s i t i e s  of h igh  m o l e c u l a r  we igh t  p o l y m e r s .  

As  a m a t t e r  of fac t  i t  i s  a l r e a d y  k n o w n  t h a t  at h i g h e r  s h e a r  s t r e s s e s ,  t h a t  i s  at h i -  

g h e r  p r e s s u r e s ,  t he  a c t i v a t i o n  e n e r g y  i s  low.  T h i s  may  be  a s c r i b e d  to  the  d e c r e a -  

se  of the  f r e e  v o l u m e  due  to p r e s s u r e  and to  i t s  w e a k e r  t e m p e r a t u r e  d e p e n d e n c e  

as  wel l  as  to  the  i n f l u e n c e  p r e s s u r e  e x e r t s  upon the  f low m e c h a n i s m  and e s p e c i a l -  

ly upon the  flow u n i t s .  

I t  i s  p o s s i b l e  t h e r e f o r e  to  ob ta in  m a s t e r  c u r v e s  for  e a c h  t ype  of p o l y m e r  p lo t t i ng  

t he  r a t i o  of v i s c o s i t i e s  at  c o n s t a n t  s h e a r  s t r e s s  ~it a g i v e n  t e m p e r a t u r e  o v e r  t h o s e  

at  the  r e f e r e n c e  t e m p e r a t u r e s  as  a f u n c t i o n  of t e m p e r a t u r e .  In F ig .  5 s u c h  c u r v e s  

fo r  s e v e r a l  p o l y m e r s  a r e  p r e s e n t e d .  T h e  t e m p e r a t u r e  of 250~ was  c h o o s e n  as r e -  

f e r e n c e  t e m p e r a t u r e  s i n c e  i t  l i e s  ou t s ide  t h e  r a n g e  in  which  v i s c o s i t y - t e m p e r a t u -  

r e  c u r v e s  e x h i b i t  t r a n s i t i o n s .  
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Fig.  2. Tempera ture  dependence of 
v iscos i ty  for  branched poly- 
ethylenes at constant shear  
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Indeed ,  F i g s .  1, 2, 6-9  show that  for  s o m e  p o l y m e r s  the  d e p e n d e n c e  of m e l t  v i s c o -  

s i ty  on t e m p e r a t u r e  r e c o r d s  d i s c o n t i n u i t i e s  and s lope  c h a n g e s .  In al l  p o l y m e r s  s t u -  

died the t r a n s i t i o n  t e m p e r a t u r e  r i s e s  with the i n c r e a s e  of the m o l e c u l a r  weight  and 

h e n c e  of the  m e l t  v i s c o s i t y ,  a c c o r d i n g  to the e x a m p l e s  in F ig s .  1, 2 and 7. The  

t e m p e r a t u r e  d e p e n d e n c e  of the flow index,  that  is  of the v i s c o s i t y  at v e r y  low s h e a r  

s t r e a s s e s  a l so  exhib i t s  s l ope  c h a n g e s -  F ig .  10. 

E x a m i n a t i o n  of dens i t y  v e r s u s  t e m p e r a t u r e  c u r v e s  - F ig .  11 - shows that  t h e r e  a r e  

s lope  changes  on them in the s a m e  t e m p e r a t u r e  r eg ion ,  sugges t i ng  that  the  p r o c e s -  

s e s  o c c u r r i n g  in the t r a n s i t i o n  r ange  en ta i l  mod i f i ca t i on  of the pack ing  dens i t y  and 

t h e r e f o r e  of the f r e e  v o l u m e .  

T h e r e f o r e  one should expec t  that  the  mod i f i ca t ion  of p r e s s u r e  should c a u s e  the 

shif t  of the t r a n s i t i o n .  E x p e r i m e n t s  with c a p p i l a r i e s  of v a r i o u s  s i z e s  have  y ie lded  

plots  of v i s c o s i t y  at cons tan t  s h e a r  s t r e s s  v e r s u s  t e m p e r a t u r e  with d i f f e r e n t  t r a n -  

s i t ion  t e m p e r a t u r e s .  In  F i g .  12 an e x a m p l e  is  p r e s e n t e d  fo r  l i n e a r  po lye thy l ene .  

Conc lus ions  

F r o m  our  s tud ies ,  the fo l lowing o b s e r v a t i o n s  mus t  be  c o n s i d e r e d  

- d i s c o n t i n u i t i e s  and s lope  changes  have  been  o b s e r v e d  on the v i s c o s i t y - t e m p e r a -  

t u r e  c u r v e s  for  s e m i c r y s t a l l i n e  as we l l  as for  a m o r p h o u s  h o m o -  and c o p o l y m e r s ,  

point ing out to the e x i s t e n c e  of T l l  t r a n s i t i o n s ;  

- i t  i s  not a lways  a t r a n s i t i o n  t e m p e r a t u r e  but a t e m p e r a t u r e  r ange  w h e r e  the  

t r a n s i t i o n  o c c u r s ;  

- in mu l t i phase  m a t e r i a l s ,  as  HIPS,  no such t r a n s i t i o n s  a r e  found; 

- the t r a n s i t i o n  is  a ccompan ied  by a f r e e  v o l u m e  change;  

- the  t r a n s i t i o n  is  p r e s s u r e  - dependen t  and sh i f t s  to l o w e r  t e m p e r a t u r e s  with 

i n c r e a s i n g  p r e s s u r e ;  

- the  m e l t  r e t a i n s  i t s  v i s c o e l a s t i c  b e h a v i o u r  at t e m p e r a t u r e s  h i g h e r  than t r a n s i -  

t ion  t e m p e r a t u r e ;  

- the ac t i va t i on  e n e r g y  is  h i g h e r  at t e m p e r a t u r e s  h i g h e r  than t r a n s i t i o n  t e m p e r a -  

t u r e .  

On the  b a s i s  of t h e s e  o b s e r v a t i o n s  one can  sugges t  the fo l lowing conc lus ion  : in a 

c e r t a i n  t e m p e r a t u r e  r a n g ~  a b o v e t h e  m e l t i n g  t e m p e r a t u r e ,  the  mo l t en  p o l y m e r  

r e t a i n s  e l e m e n t s  of the o r d e r  e x i s t i n g  in sol id  s t a t e .  With the r i s i n g  of t e m p e r a t u -  

r e  (which i n c r e a s e s  the cha in  mobil i ty)  and the i n c r e a s i n g  of p r e s s u r e  (which may 

d e t e r m i n e  the change  of c o n f o r m a t i o n  even  at l o w e r  cha in  mob i l i t i e s )  t h e s e  e l e -  

men t s  g r adua l ly  d i s s a p e a r ,  new c o n f o r m a t i o n s  show up and, in the end,  the m a -  

c r o m o l e c u l a r  cha ins  a r e  s t r e t c h e d  and o r i en ted  along the f low d i r e c t i o n .  

S tudies  wich mus t  suppor t  th i s  point of v i e w  a r e  u n d e r w a y .  
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determined using different capillaries (q" = 5.10 5 dyne/cm2). 
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