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INTERPRETATION OF THE CEL PERMEATION CHROEihTOGRAPHY BEHAVIOUR 

OF THREE TYPES OF COPOLYll€RS 

Andre REVIUON 
L a b o r a t o i r e  des Mater iaux Organiques - CNRS 

2, avenue E i n s t e i n  
69626 VILLEURBANNE Cedex (France)  

The chromatographic  e l u t i o n  o f  a series of random, block and 
g r a f t  W C  copolymers ( w i t h  s t y r e n e ,  b u t a d i e n e ,  methylmethacry la te ,  
v i n y l a c e t a t e ,  v i n y l i d e n e  c h l o r i d e  i n  a l a r g e  range o f  c o n p s i t i o n )  
is studiec?. W i t h  the h e l p  o f  three c o n s e c u t i v e  d e t e c t o r s ,  t h e  cornso 
s i t i o n ,  x o i e c u l a r  weight  and i n t r i n s i c  v i s c o s i t y  o f  t h e s e  p r o d u c t s  
a r e  d e t e r n i n e d  and r e l a t e d  to  t h e  c o n d i t i o n s  o f  t h e  s y n t h e s i s .  
R e s u l t s  a re  compared t o  those o b t a i n e d  by  direct measurements. The 
e l u t i o n  i s  d i f f e r e n t  f o r  each type o f  copolTymer, v a r y i n g  w i t h  t h e  
composi t ion b u t  sone v iscos i ty-molecular  weight  r e l a t i o n s  have been 
o b t a i n e d .  

INTRODUCTION ------------ 

T h i s  paper  r e p o r t s  r e s u l t s  I have o b t a i n e d  by g e l  permeat ion 

chromatography (GPC) with  v a r i c u s  t y p e s  o f  modi f ied  PVC, namely t h e  

t h r e e  types  o f  c o - m l - p e r s  -bloc%, q r a f t  and random- e a c h  of  d . e x  isit?. 

two cononomers and i n  series o f  d i f f e r e n t  molar  r a t i o s . T h e  p u r p s e  

i s  t h e  d e t e r m i n a t i o n  of s o l e c u l a r  weight ,  t h e  comparison wi tn  kine-  

t i c  r e s u l t s  i n  t h e  case of random copolymers and t h e  e v a l u a t i o n  of 

t h e  e f f i c i e n c y  o f  s y n t h e s i s  r e a c t i o n  f o r  g r a f t  and block c o p o l p e r s .  

This also may g i v e  i n f o r m a t i o n  on  t h e  behaviour  i n  f r a c t i o n a t i o n  
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1138 REVILLOG 

a t t e m p t s  and i n  p r e p a r a t i v e  g e l  permeat ion  chromatography. The 

e l u t i o n  is s t r o n g l y  dependent  o n  t h e  chemical  n a t u r e l  t h e  s t r u c -  

t u r e ,  t h e  composi t ion and the molecular  weight  ( M W ) .  

Although it h a s  been s t a t e d  thatl'the use  of GPC f o r  p r o v i -  

d ing  q u a n t i t a t i v e  i n f o r m a t i o n  o n  copolymer composi t ion and mole- 

c u l a r  weight  d i s t r i b u t i o n  (HWD) is n o t  w e l l  advanced" ( ' )  1 have 

a l r e a d y  found i t  u s e f u l  t o  o b t a i n  c o m p s i t i o n s  o f  m i x t u r e s  of  

components, homogeneity of t h e  copolymer v e r s u s  t h e  MW and t o  

c a l c u l a t e  MWl w i t h  t h e  h e l p  o f  s e v e r a l  d e t e c t o r s  o n - l i n e  . 
The comparison o f  t h e  responses  of t w o  detectors answers  t h e  f i r s t  

t w o  q u e s t i o n s  : t h e  cont inuous  measurement o f  t h e  v i s c o s i t y  o f  

the e l u e n t s  -when the Plark-Houwink law is n o t  known- and t h e  

a p p l i c a t i o n  o f  hydrodynamic volume as c a l i b r a t i o n  parameter  l e a d s  

to t h e  MWD . 

( 2 )  

( 3 )  

Chemical a s p e c t s  of t h e  s y n t h e s e s  w i l l  n o t  b e  developed h e r e .  

S y n t h e t i c  methods have a l r e a d y  been d e s c r i b e d  i n  a d e t a i l e d  

manner f o r  each  copolyner, and o n l y  b r i e f  d e t a i l s  a r e  q~'.-e?. h e r e .  

Free- rad ica l  i n i t i a t i o n  is used f o r  random and b lock  corci>- .ers .  

For random copol.(mers, suspens ion  - v i n y l i d e n e  c h l o r i j e  (VDC; ' ' L f '  - 
o r  s o l u t i o n  - v i n y l a c e t a t e  ( V A c )  ( ' ) -  p r o c e s s e s  were chosen wi tb .  

d i f f e r e n t  molar ra t io ,  l i m i t i n g  t h e  convers ion  or  n a i n t a i - i n q  iLne 

composi t ion c o n s t a n t  d u r i n g  t h e  copolymer iza t ion .  For  b lock  c o p -  

lymers, t h e  prepolymer - p l y v i n y l c h l o r i d e  (PVC) -is  Drepared 17. the 

presence  of  a t r a n s f e r  a g e n t  (CCL ) which ma:i r e i n i t i a t e ,  ,:!i:?. 1 4 
copper  c h e l a t e ,  the p o l y n e r i z a t i o n  o f  s t y r e n e  (S) o r  methylmetha- 

c r y l a t e  (l.U4+) ( 6 ) .  Composition w a s  determined by chemical  anal::sis 

o r  g a s  chromatography a n a l y s i s  when p o s s i b l e .  G r a f t  copolymers r e -  

s u l t  from the c a r b a n i o n i c  d e a c t i v a t i o n  o f  l i v i n q  polysvyrene  ( P S :  

o r  polybutadiene  (Pa) by PVC i n  T H F  s o l u t i o n  ( ' I .  The t w o  series 

p r e s e n t e d  h e r e  have been made by v a r y i n g  the r a t io  t '  q r a f t / b a c k -  

bone. The e f f e c t i v e  g r a f t i n q  ratio t is  a n  average v a l u e  and 

r e p r e s e n t s  t h e  number of g r a f t s  per m l e c u l e  o f  t h e  backbone. 

t *  
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GPC BEHAVIOUR OF COPOLYMERS 1139 

A c l a s s i c a l  Gel Permeation Chromatograph b u i l t  i n  t h i s  

labora tory  w a s  used with two sepa ra t e  l i n e s  ( f o r  re ference  and 

sample) and three  consecutive de t ec to r s ,  namely : d i f f e r e n t i a l  

refractometer (Model R-4,  Waters Associates,  Milford MA, USA) , 
d i f f e r e n t i a l  W absorbance de tec to r  a t  254 nm (Chromatix 220,  

Berkeley, USA) and an automatic v i sconeter  designed i n  our  labo- 

r a t o r y  ( 4 ) .  Solvent was 

and temperature w a s  2 5 O  C. Tbo sets of 3 or 4 columns (1.3 m x 

8 mn) f i l l e d  with spher ic  s i l i ca  beads ( P o r a s i l )  o f  var ious  p r e  

s i z e s  allowed a gcod sepa ra t ion  i n  the inves t iga t ed  molecular 

weight range. The viscometer i s  of  t h e  flow-type ('), dimensions 

being chosen (1 = 20 c m ,  0 = 0 . 4  o r  0.5 mm) t o  avoid var ious  cor- 

r e c t i o n s  necessary a t  low va lues  of t (which is  here about 130 

s e c . )  . 

a t  a flow-rate of  about 1 c m 3  min-l 

0 

Cal ib ra t ion  of e l u t i o n  volume We) w a s  accomplished using 

polystyrene standards,  toqe ther  with the  measurement of the  

i n t r i n s i c  v i s c o s i t i e s  of these known polyners,  f o r  app l i ca t ion  of  

the universa l  c a l i b r a t i o n  hypothesis.  Depending on the  molecular 

weight, so lu t ions  were prepared a t  0 . 2  t o  2 4 i n  weight. Correc t ion  

of the Mark-Houwink c o e f f i c i e n t s  K and f o r  l imi ted  chromatogra- 

)hic r e so lu t ion  was made w i t h  the he lp  of t he  equations proposed 

by Benoit et al. ( ' ) .  Cal ibra t ion  curves were obtained for each 

conposit ion of t he  random copolymers. 

For block copolymers, the  prepolymer (PVC) was f i r s t  charac- 

t e r i z e d ,  so t h a t  i ts chromatogram could be subs t rac ted  from t h a t  

of t he  products o f  the  reac t ion .  Moreover, i f  only one component 

of t h e  copolymer has a UV absorption, the composition of  the co- 

polymer i s  d i r e c t l y  obtained. For the g r a f t  copolymers, t he  two 

conponents nay be charac te r ized ,  allowing t h e i r  d e f i n i t e  l oca t ion  

i n  t he  chromatogram of the  Rixture.  

E f fec t ive ly ,  f o r  block and g r a f t  copolyners, there  a r e  two 

chromatographic peaks, more o r  less d i s t i n c t  : e f f e c t i v e  copolymer 

( a t  higher t4W) and unreacted homopolymer. They must be decompsed 
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REVILLON 1140 

f o r  ins tance  by using t h e  310 DuPont Curve Analyzer (Du Pont de 

Nemours & Co Inc., Wilnington 98 D e l .  USA) .  After  c a l i b r a t i o n  of 

the r e s p n s e s  of  the var ious  c o n p n e n t s ,  t h e  measurement of the  

peak a reas  allows the  c a l c u l a t i o n  of the  composition of the nix- 

t u re  and of the  copolymer. This i s  necessary to de te rn ine  the  

concentration c i n  the v i scos i ty  measurements where two peaks a r e  

v i s i b l e .  I f  t he  separa t ion  is s u f f i c i e n t ,  cne may de tern ine  the  

v i s c o s i t y  of  copolymers and homopolymers r e l a t e d  to  t h a t  of the  

mixture apparent v i s c o s i t y  ( ( q l  ) by : 
aPP * 

( [  n lc )homo + “ l l c ) c o  
(equation 1) 

c (homo + c o p )  (Qlapp .  * 

which is obtained by d i r e c t  measurement, i d 1 3  t?.e 3utoraC:c 

Fica Visco,iiatic (Am, L e  Mesnil-St-Denis, France) 3r 5: s.ir--;az~z7. 

fo  the v i s c o s i t i e s  o f  the f r ac t ions .  

Complenentary UV spec t r a  have been obtai?.e5 wiL?  3~zk:zr. 33-17 

( S c i e n t i f i c  and Process Instruments Division, F u l l t e r t o n ,  C s l  . ‘::A 

or the Carry 1115 (Applied Physics CorForation, :lonrnvLa C31. ’:::> . 

RESULTS AND DISCUSSION ...................... 
The three types of copolymers a r e  5 i f fe rer .c  3r.i x s :  ‘it:: + : : 3 -  

mined separa te ly .  The only  common fea tu res  a r e  the  l a r g e  chanqe a f  

MW f o r  d i f f e r e n t  copolyners navirq s i z i l a r  z.:.rc:.ar.=?ra:l..-z -e&:c 

and the  a p p l i c a b i l i t y  of the peak a rea  method f3r de te rn i ca t i s r .  2f 

the conposit ion.  

Graf t  copolymers 

Preliminary r e s u l t s  on the  method have been published e l s e -  

where ( ’’) and mechanistic i n t e r p r e t a t i o n  of the g r a f t i n g  r eac t ion  

according to  d i f f e r e n t  parameters is the sub jec t  o f  the next paper 

(“I. Figure  1 represents  the chromatograms of  : the  i n i t i a l  rea- 

gents  ( c ) ,  the  g r a f t  e i t h e r  polystyrene (PSI o r  p l y b u t a d i e n e  (PB) 
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GPC BEHAVIOUR OF COPOLYMERS 1141 

a 

Figure 1 

Chronatograms of g ra f t  copolymers : 1 - UV ; 2 - refractometric 

with PS gra f t  --- ; 3 - refractometric with PB gra f t  - - ; 

4 - PB gra f t  - - ; 5 - PS g r a f t  --- : 6 - PVC backbone - 

and polyvinylchloride (PVCI backbone -an example of f ina l  product 

w i t h  PB g ra f t  (b)  o r  PS gra f t  ( a ) .  

Four fac ts  are  vis ible  (i) there is not only one peak ( i n  a 

or  b), which means tha t  some unreacted polymer is present together 

with the graf t  copolymer ; (ii) it may be seen tha t  theelution 

volume of the copolymer i s  not largely modified versus tha t  of 
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1142 REVILLON 

the PVC backbone, except a t  high graf t ing ra t io .  This is normal 

since the increase i n  MW i s  due to s ide chains ; (iii) the separa- 

t ion between homo- and copolymer is not t o t a l  ( l a )  except i f  the 

t4W of the g ra f t  is low ( l b )  ; (iiii) f ina l ly ,  the grafting e f f i -  

ciency is independent of the chain length of the backbone, since 

the W and refractometric chromatograms of the copolymers are s i -  

milar and s i m i l a r  to  tha t  of the backbone. 

A t  low graf t ing r a t io s ,  the copolymer peaks only present a shoul- 

der. The peaks of copolymer and residual mnomer become more dis-  

t i n c t  when the mi of t h e  components are more di f fe ren t .  They may also 

Figure 2 

Graft copolymers : viscometric detection 

a )  with PS gra f t  ; b) w i t h  PB g r a f t  
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GPC BEHAVIOUR OF COPOLYMERS 1143 

become distinct a t  high g r a f t i n g  ratios when the  s h o r t e r  chains o f  

the backbone have f ixed  seve ra l  g r a f t s ,  which i s  shown on f i g .  2b : 

the  t w o  peaks are almost separa ted  s ince  t h e  MW of  the  g r a f t  (PB) is  

low (4 ,200) .  They are n o t  separa ted  with the  P6 g r a f t  ( f i g .  2a) s ince  

its Mw is  8,000 versus 33,000 f o r  t he  backbone. W i t h  PS g r a f t s ,  

the  w chromatogram immediately g ives  the  percent  of  reac ted  f ixed  

polymer s ince  it has been v e r i f i e d  t h a t  the  W t r a c e  is only due to 

PS. With PB g r a f t ,  the two v iscos imet r ic  peaks a r e  d i s t i n c t  (homo- 

polymers of  S and B have similar v i s c o s i t i e s  b u t  d i f f e r e n t  MW) and 

allow the  ca l cu la t ion  of the  two v i s c o s i t i e s  of homo PB and 

g r a f t  copolymers ( f i g .  2 ) .  I n  the  case of  PSI equation 1 must 

be used under the  form : 

For the  re f rac tomet r ic  peak a rea ,  it has been supposed 

t h a t  the r e f r a c t i v e  index of t he  backbone i s  equiva len t  to  t h a t  

of i n i t i a l  PVC and t h a t  of the  copolymer is a l i n e a r  combination 

of those of the  components. A t  high g r a f t i n g  r a t i o  of PB, a W 

t r ace  has  a l s o  been obtained, propor t iona l  t o  the amount of fixed. 

PB,  and is due to f o m a t i o n  of  conjugated double bonds i n  the  back- 

bone. I n  a l l  cases ,  under our conditions of  syn thes i s ,  t h e  y i e ld  

is about 50 %, SO t h a t  d i r e c t  measurements on the  product lead  

to  erroneous conclusions : t h e  apparent v i s c o s i t y  is decreased, 

then remains cons tan t  versus  PB content ,  and con t inua l ly  decrea- 

ses f o r  PS ( f i g .  3 ) .  The is ca lcu la t ed  from the MW and amounts 

of t he  conponents. On the  cont ra ry ,  osmometric measurements do not 

snow an increase  of E . C o r r e c t  i n t e r p r e t a t i o n  of  v i s c o s i t y  and 

MW l eads  t o  the r e s u l t s  of f i gu re  8. Viscos i ty  remains cons tan t  

for PS and PB a t  moderate g r a f t i n g  ratio,  then inc reases  f o r  PB. 

I t  is  not poss ib le  t o  de te rn ine  the  number and nature of g r a f t s  

by measuring the  v i scos i ty .  The similar behaviour of PS and PB 

may be explained by similar values of : v i s c o s i t y  of t h e  g r a f t s ,  
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1144 REVULON 

1 I I - 
105 2.10~ Mn 

Figure 3 

Graft  copolymers : i n t r i n s i c  v i s c o s i t y  of the r eac t ion  products 

versus t h e o r e t i c a l  molecular weight 

- -- ham PVC ; .... h o w  PB ; - homo PS ; coplymer with 

PS g r a f t  A and PB g r a f t  

l - a, and 

t y  of  the copolymer tends to  increase  s ince  pure homo PVC and PB 

have higher v i s c o s i t i e s  : conversely,  t h e  v i s c o s i t y  of pure homo 

PS is lower than t h a t  of t he  copolymer. 

( s o l u b i l i t y  parameter).  A t  high l e v e l s  of P9, t h e  v i scos i -  

Block copolymers 

The re f rac tomet r ic  chromatogram i s  genera l ly  broad w i t h  a 

shoulder ( f i g u r e  4 ) ,  corresponding t o  the prepolymer which has 

not added t h e  second monomer. A l a rge  in te rmedia te  region 

represents  a mixture of t w o  spec ies  wi th  d i f f e r e n t  e l u t i o n  

behaviours and a cons tan t  va r i a t ion  of  t h e i r  r e l a t i v e  concen- 

t r a t i o n s  (which is e a s i l y  shown by p l o t t i n g  the  ratio of the  

two instantenous de t ec to r  t r a c e s )  (*I. This i s  n o t  very v i s i -  

b l e  i f  t h e  e f f i c i ency  of the reac t ion  is low (curve 6 )  or 

high (curve 4 ) .  When using S a s  second monomer, t h e  W t r a c e  

g ives ,  d i r e c t l y ,  t he  copolymer chromatogran. As s e e n  i n  f i g u r e  
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GPC BEHAVIOUR OF COPOLYMERS 1145 

/ \ 
/ \ 

Figure 4 

Block copolymers : chromatograms 

a )  i n i t i a l  PVC --- ( 1 )  ; r e f r ac tomet r i c  - (31  and UV ( 2 )  

of copolymer with PS ; copolymer w i t h  PMMA ( 4 )  

b)  o the r  i n i t i a l  PVC --- (5) ; re f rac tomet r ic  - ( 6 ) a n c  

TJv --- ( 7 )  copolymer with PS 

4b, the  two re f rac tomet r ic  and UV t r a c e s  may have t5eir maxima 

a t  d i f f e r e n t  e l u t i o n  volumes s ince  here  the  amount of S is low : 

small e f f e c t  i n  r e f r a c t i v e  index, bu t  l a rge  W absorption. 

The measurement of peak areas  allows the  determination 

of t h e  composition (only the  whole conten t ,  n o t  t h a t  contained 

i n  each spec ies ,  if only a s i n g l e  de t ec to r  i s  used) .  Since the  

MW of  the  ptepolymer and copoliper a r e  very d i f f e r e n t ,  the  

copolymer i s  mainly cons t i t u t ed  of t he  second monomer, an as- 

sumption which has  been used to c a l c u l a t e  its MW. The comps i -  

t i o n  and t4W being known, it is poss ib le  t o  de te rn ine  the  number 

of cha ins  of each spec ies  and, from t h a t ,  the  e f f i c i ency  of  the  

r e i n i t i a t i o n  and the  apparent MW of t he  mixture. 

Depending on t h e  condi t ions  o f  t h e  r eac t ion ,  t he  mixture 

may conta in  2 0  to 80-90 weight % of  comonomer. The e f f i c i e n c y  

of t he  reac t ion  v a r i e s  from less than 0.1 t o  almost 1. This 
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efficiency is lower with S than with fw, and decreases when the 

EIW of the prepolymer increases. The viscosi ty  of copolymers is 

intermediate between those of the horn PS or  ?MMA and homo PVC. 

Random copolymers 

I t  has already been shown tha t  two copolymers of different  

compositions having the same chromatograms have different  MW 

and that  there is not necessarily para l le l  var ia t ions of e lut ion 

volume and MW, when the composition is  changed. Fig. 5 shows the  

determination of the conposition from the refractometric peak 

areas and opt ical  density for VAc copolymers, i n  agreement w i t h  

gas chromatography analysis resul ts .  

Similar tratment for  VDC copolymers has been already indicated ( 4 )  

Individual cal ibrat ion curves for each composition are  ob- 

tained : they move regularly towards lower V, w i t h  decrease o f  

VAc (Fig. 6 ) ,  the same w i t h  VDC ( 4 ) .  The K and 5 coeff ic ients  

S 

Figure 5 

Random copolymers - Evolution of the opt ical  density (0) and 

refractornetric peak area ( A )  w i t h  the molar f ract ion of VAc. 
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GPC BEHAVIOUR OF COPOLYMERS 1147 

Figure 6 

Random copolymers - GPC c a l i b r a t i o n  curves fcr the d i f fe re7 . t  

molar f r a c t i o n s  of VAC : 0.70 - : 0.47 ... ; 0.10 --- ; 
0.05 - - - 

of t h e  Mark-Houwink law show a continuous evolution with conpo- 

s i t i o n  : they increase  with the  CV content  ( 2 f 4 )  (F ig .  7 ) .  

Despite the very d i f f e r e n t  K and 5 values f o r  a qiven h o m o p l y -  

rner(12),  t h e  semilog p l o t  of K versus 5 allows t o  draw an average 

s t r a i g h t  l i n e  from which a r e  c lose  the  values obtained f o r  t he  

copolymers. Y e t ,  there  i s  no regular  evolu t ion  of  the  v i s c o s i t y  

with M ,  when the  composition i s  changed (Fig.  8 ) .  One may appro- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
0
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1148 REVILLON 

Random copolqyners - Semilogarithmic p l o t  o f  K versus h fo r  

homopolymers PVC ( A ) ,  PVAc (1) and copolymers with CVD ( A )  
and V A c  ( C ) .  (Figures ind ica t e  t h e  molar nercent o f  CO~O?.O: :EZ . 

Figure 8 
Viscosity - Molecular weight double logarithmic p l o t  

Horn PVC --- ; horn PMMA - - ; g r a f t  with PS (A )  and PB ( a )  ; 

random with VDC (0) and VAc (0) ; block w i t h  PS (0) and PMMA ( x )  

( f igu res  indicate  the molar percent of comnomer) . 
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GPC BEHAVIOUR OF COPOLYMERS 1149 

x b a t e l y  say that v i scos i ty  increases w i t h  CV content b u t  the 

va r i a t ion  of M i s  more complex : existence of  a minimum i n  the 

case of M C  and a maximurn with VAc. These evolutions may be 

compared t o  those of the copolymerization r a t e s  vs the feed com- - 
posit ion.  Rough evaluation of M by the r a t i o ( n )  %S/ (n )cGymer  
leads t o  a value close t o  fo r  VDC copolymers and t o  (MwMn)l/* 

f o r  VAc copolymers. 

Figure 8 sunmarizes some propert ies  of the various products, 

namely the r e l a t i o n  between solut ion v i scos i ty  and molecular weight. 

I n t r i n s i c  v i scos i ty  ( r l )  v a r i e s  l a rge ly  with M according to the type 

of copolymer, i t s  composition and the nature of the components : fo r  

a given v i scos i ty ,  the MW may vary by a f ac to r  of 5 .  A regular  

evolution may be found fo r  g r a f t  copolymers when the nunber of x a f c s  

t increases,  but  it is  n o t  possible  to  c o r r e l a t e  d i r e c t l y  v i scos i ty  

and t i n  a l l  the cases. For block copolymers, where a component 1 s  

i n  l a rge  excess, one approaches i t s  own (n)-M law. The s i t u a t i o n  is 

similar  f o r  random copolymers, bu t  changes rapidly i n  a “random“ 

manner with the increase of t he  comonomer content : ye t ,  it has been  

possible  to determine K and values. Since there  is a logari thnic  

r e l a t i o n  between elut ion volume and MW, and between v i scos i ty  and 

11, s m a l l  changes of e lu t ion  volume and va r i a t ion  of v i cos i ty  by t h e  

addi t ion of a second monomer, considerably a f f e c t  the r e su l t i ng  

MW, so t h a t  a rapid in t e rp re t a t ion  of t he  chronatogram by the 

posi t ion of the maximum is  unsuff ic ient  and erroneous. Appro- 

p r i a t e  i n t e rp re t a t ion  of the detector  r e s p n s e s  leads to a 

cor rec t  descr ipt ion of the products. 

- 

REFERENCES ---------- 
1. DAWKINS,J.V. , Block copolymers, ed. Allport,D.C. and 

Jones,W.J., Applied Science, New York, 1973, p 569 

2. R E V I W ! J , A . ,  Chimie Actual i tes ,  1555, 35, 1975 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
0
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1150 REVILLON 

3.  

4 .  

5 .  

6 .  

7. 

8. 

9. 

10. 

11. 

12. 

GRUBIZIC,  Z., REMPP, P .  and BENOIT, H. ,  J. P o l y m .  S c i . ,  

35, 753, 1967 

REVILLON, A . ,  DUMOEJT, B. and GUYOT, A . ,  J. P o l y m .  S C l .  

(Chem.)  , =,2263, 1976 

PICHOT, C.,  GUILLOT, J., PHAM, Q.T. and GUYOT A .  

J. Macromol. Sc i .  ( C h e m . ) ,  A7 495, 1973 

GUYOT, A., CEYSSON, M . ,  ElICHEL, A.,  and REVILLON, A . ,  

Informations C h i m i e ,  116,171 1973 

- 

LECHEREIEIER, G. ,  PILLOT, C . ,  GOLE, J. and REVILLON,A., 

J. Appl. P o l y m .  Sci., '9,1979, 1975 

REVILLOtl, A .  , P l a s t i q u e s  Modernes e t  E l a s t o m e r e s ,  26, 
99, 1974 

G W O T ,  Z. ,  MARAIS, L .  and BENOIT, H . ,  J. C h r o m a t o g . ,  

- 88, 363, 1973 

LECHERMEIER, G . ,  REVILLON, A. and PILLOT, C. ,  J. Appl.  

Polym. Sc i . ,  2, 1989, 1975 

LECHERMEIER, G . ,  REVILLON, A .  and PILLOT, C . ,  J .  :lacronol. 

Sci. ( C h e n . ) ,  PVC Symp., A l 2 ( ? ) ,  2 8 5 ,  1978 

KURATA, M . ,  IIJAMA, M. and KAMADA, T., P o l y m e r  Handbook, 

Section I V ,  B r a n d r u p  J. and I n m e r q u t  E . M . ,  ed. Wiley, 

New York, 1966 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
0
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


