
Polymer Bulletin 13, ara-arr (19Bsl Polymer Bulletin 
�9 Springer-Verlag 1985 

Quantitative Analysis of Natural Rubber, Polybutadiene 
Rubber and Styrene/Butadiene Rubber Blends 
by Infra-Red Spectroscopy* 

V, K. Kaushik and Y, N. Sharma 

Research Centre, Indian Petrochemicals Corporation Limited, Baroda 391 346 (Gujarat), India 

SUMMARY 

Infra-red spectra of natural rubber (NR), polybutadiene rubber (PBR) 
and styrene butadiene rubber (SBR) have been studied for the est imation of 
these polymers in ternary rubber blends. A lstudy of di f ferent  infra-red _alctive 
bands suggests that  the bands at 1316 C m - ' ,  1379 Cm-* and 1493 Cm are 
most appropriate for quant i ta t ive  purpose. A detailed analysis of observed 
data has been made and based on this analysis, formulae for the est imation 
of these rubbers have been deduced. 

INTRODUCTION 

Unlike the est imation of two elas tomers  in a blend (1-2), es t imation 
of const i tuents  in ternary rubber blend is a diff icult  task where the absorbance 
of two will change in the presence of third polymer.  This complexici ty  is 
observed because of the following reasons - (a) The absorbance frequencies 
are quite close in these polymers hence, the base line changes with di f ferent  
compositions and (b) In some cases even the shape of absorption band changes. 
An example of this is _s~own in Fig 1. SBR absorbs infra-red radiati.qns at 
700 C m -  and 760 C m - - w h i l e  PBR shows the absorption at 7et0 Cm-*.  A 
composition variation of 10%-90% in the mixture drastically change the shape 
of absorption bands. 
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The assignment of d i f fe rent  infra-red act ive bands is reported in the 
l i terature(3-4).  In the present invest igat ion the blends of three elastomers 
have been studied in the composit ion range I0%-70~ and spectra have been 
analysed in the frequency region 1600 Cm-* - 600 Cm-- .  Based on this analysis, 
best possible formulae for est imat ion of three rubbers in a blend have been 
developed. Once the absorbance of interested bands are known from IR spectra~ 
present method gives d i rect ly  the composit ion of d i f fe rent  rubbers in a blend. 

EXPERIMENTAL 

The i n f r a - r ed  s p e c t r a  of rubber  samples  were  r eco rd ed  on a Pe rk in -  
E lmer  567 s p e c t r o p h o t o m e t e r  using CsI window.  For t h e s e  studies~ rubber  
s amples  w e r e  f i r s t  cu t  into smal l  p i eces  and e x t r a c t e d  overn igh t  wi th  a c e t o n e  
to r e m o v e  the  impur i t i e s .  This sample  was then  dr ied,  w e i g h t ed  and soaked 
in benze  ove rn igh t  and shaken finally a t  ap p ro x i ma t e l y  65~ to give a uni form 
solu t ion .  The f i lm of rubber  on CsI window was ob ta ined  by evopa ra t i ng  b e n z e n e  
f rom this  so lu t ion .  This f i lm was f inal ly used for  in f ra - red  s tud ies .  

RESULTS AND DISCUSSION 

A ca re fu l  analys is  of in f ra - red  bands of t h r e e  e l a s t o m e r s  and the i r  
d i f f e r e n t  compos i t i ons  was ca r r i ed  out to s e l ec t  bands for q u a n t i t a t i v e  purpose .  
Only bands  which w e r e  very sens i t ive  for compos i t i on  change  and also main ta in  
L a m b e r t  Beer  law over  a wide range of compos i t i on  (5) were  s e l e c t e d .  This 
de t a i l ed  s~udy gave  us th~ cho ice  of in f ra - red  ac t i v e  bands a t  1316 C m -  , 
1379 C m -  and 1493 Cm -1. Using the  abso rbance  of t hese  bands~ da t a  for  
six ca l ib ra t ion  cu rves  was  ob ta ined .  This da ta  was f i t t e d  by l inear  leas t  square  
f i t  and the  equa t ion  of d i f f e r e n t  ca l ib ra t ion  cu rves  shown .in Table 1 .were  
deduced ,  i H e r e  A1, A2 and A3 are abso rbance  of 1316 Cm-l~  1379 Cm -I  and 
1493 C m -  bands~ Y is t he  a b s o r b a n c e  ra t io  of bands and x is the  compos i t ion  
(in wt%) ra t io  of two  rubbers  in a b lend.  

Table 1 : Equat ion of d i f f e r e n t  ca l ib ra t ion  cu rves  

Sr. Equat ion of ca l ib ra t ion  curve  Y X In p r e s e n c e  of 
No. 

1. Y -- 0.Lt07X - 0.039 A3/A2 SBR/NR - 

2. Y = 3.075x - 0.063 A2/A3 NR/SBR PBR 

3. Y = 0.286x + 0.126 A I / A 2  PBR/NR - 

4. Y = 1.459x + 0.337 A2/AI  NR/PBR SBR 

5. Y = 0.912x - 0.033 A I / A 3  PBR/SBR 

6. Y -- 0.798x - 0.310 A3/AI  SBR/PBR NR 

Once  equa t ion  of ca l ib ra t ion  cu rves  were  deve loped ,  ana ly t i ca l  me thod  
s imi lar  to  t h a t  r e p o r t e d  by K a r a y e n e v  e t . a l  (6) has been used for  compos i t ion  
e s t i m a t i o n .  A to ta l  of twe lve  resu l t s  w e r e  ob ta ined  f rom six ca l ib ra t ion  curves .  
In o rde r  to  e x t r a c t  the  bes t  me thod ,  t w e n t y  four  ~est blends of known 
compos i t i on  w e r e  p r e p a r e d  and the  e r ro r  square  sum • i .e.  sum of squar~ 
of e r ro r s  b e t w e e n  c a l c u l a t e d  and obse rved  compos i t ion  were  c a l c u l a t e d .  These X ~ 
values for f i r s t  f ive  blends  are  shown in Table 2. Resu l t s  show tha t  the  
compos i t i on  ob ta ined  f rom curve  no . l  and curve  no.4 give the  bes t  resu l t s  
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Table  2 : Error  s q u a r e  sum va lues  f r o m  d i f f e r e n t  s e t s  of c a l i b r a t i o n  c u r v e  

C u r v e  Nos. Se t  I Se t  II Se t  III Se t  IV Se t  V 

1,3 35.6 178.2 96.8 85.8 79.5 

1,4 0.1 39 .5  6.7 6.9 6.8 

1,5 394.3 306.8 166.7 102. I 67.3 

1,6 1.7 53.2 6.7 31.4 122.0 

2,3 35.4 121.8 /-/-3.9 36.4 35.6 

2,4 0.2 21.4 4.3 25.4 31.I  

2,5 398.8 307.9 166.9 111.9 83.8 

2,6 1.6 53.1 0.2 27.1 110.2 

3,5 143.5 325.0 178.3 101.3 69.6 

3)6 73.3 73.6 27.3 89.7 189.4 

4,5 187.4 472.8 331.3 170.5 82.9 

4,6 2.9 131.4 6.8 27.2 117.2 

over  a wide r a n g e  of c o m p o s i t i o n .  In f a c t ,  X 2 va lues  w e r e  c h e c k e d  for  al l  
t h e  t w e n t y - f o u r  t e s t  b l ends  and  it  was  c o n c l u d e d  t h a t  c u r v e s  n o . l  and  no.4 
g ive  t h e  b e s t  r e s u l t  ove r  t he  va ry ing  c o m p o s i t i o n  r a n g e  of t h r e e  e l a s t o m e r s ,  It  is 
w o r t h  m e n t i o n i n g  h e r e  t h a t  s t y r e n e  p e r c e n t a g e  in SBR was  23.8 p e r c e n t .  
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These  be s t  c a l i b r a t i o n  c u r v e s  o b t a i n e d  as a r e s u l t  of ana lys i s  a re  shown 
in Fig.  2 and Fig.  3. 

Fo l lowing  f o r m u l a e  for  t he  e s t i m a t i o n  of t h r e e  e l a s t o m e r s  in a b lend  
w e r e  deduced  f rom t h e s e  c a l i b r a t i o n  c u r v e s  - 

NR = 100 A22 - 3 3 , 7 A I A  2 

D 

PBR -- 145.9 A I A  2 

D 

and  SBR = 9.582 A22 - 82.801 A I A  3 + 245.7A2A 3 - 3.229 A1A 2 

w h e r e  D = 1.09582 A22 + 1.08971 A1A 2 + 2.457 A2A 3 - 0.82801 A1A 3 

and  A1,A2,A3 a r e  a b s o r b a n c e  of 1316 C m  -1, 1379 Cm -1, and 1493 Cm -1 bands .  
The a g r e e m e n t  b e t w e e n  known c o m p o s i t i o n  and c a l c u l a t e d  c o m p o s i t i o n  using 
t h e s e  f o r m u l a e  is shown in Tab le  3 and e x a m p l e s  of IR s p e c t r a  used in e s t i m a t i o n  
of some  c o m p o s i t i o n s  a r e  i l l u s t r a t e d  in Fig.4.  

Tab le  3 : D e t e r m i n a t i o n  of po l ym er  c o m p o s i t i o n s  in b lends  

St .  C a l c u l a t e d  c o m p o s i t i o n s  Known c o m p o s i t i o n s  
No. NR PBR SBR NR PBR SBR 

I .  49.7 25.0 25.3 50.0 25.0 23.0 
2. 19.1 14.8 66.1 20.0 10.0 70.0 
3. 21.9 19.8 58.3 20.0 20.0 60.0 
t~. 21.7 28.0 50.2 20.0 30.0 50.0 
5. 21.4 37.9 40.7 20.0 40.0 40.0 
6. 24.6 44.5 30.9 20.0 50.0 30.0 
7. 23.4 63.7 12.9 20.0 70.0 10.0 
8. 9.7 23.9 66.4 10.0 20.0 70.0 
9. 19.6 20.6 59.8 20.0 20.0 60.0 
10. 31.5 20.0 48.5 30.0 20.0 50.0 
11. 39.7 19.3 41.0 40.0 20.0 40.0 
12. 49.6 20.0 30.4 50.0 20.0 30.0 
13. 59.3 20.6 20.1 60.0 20.0 20.0 
14. 70.3 18.5 11.2 70.0 20.0 10.0 
15. 24.2 53.7 22.1 20.0 60.0 20.0 
16. 53.2 25.3 21.5 50.0 30.0 20.0 
17. 54.3 23.0 22.7 60.0 20.0 20.0 
18. 61.3 19.3 19,4 60.0 20,0 20.0 
19. 28.7 24,1 47.3 25,0 25,0 50.0 
20. 35.0 29.9 35.1 33.3 33.3 33.3 
21. 34.7 16.0 49.3 35.0 15.0 50.0 
22. 40.7 19.1 40.2 40.0 20.0 40.0 
23. 31.1 23.6 45.3 30.0 25.0 45.0 
24. 8 . 7  24.3 67.0 10.0 20.0 70.0 
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