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MACROMOLECULAR REPORTS, AZB(SUPPL. 3 ) ,  2 0 9 - 2 1 9  (1991)  

THE EFFECT OF CASTOR OIL ON THE STRUCTURE AND PROPERTIES 
O F  WLYURETHANE ELASTOHERS (TDI SYSTW)* 

K . G .  Raut and S.R.  Srinivasan+ 
Div i s ion  of P c ~ l y ~ i e r  Chemistry, 
t4aticma.i Chemicai. Laboratory,  

Pune 411dOi3, I N D I A ,  

and 

J. f frouz and M. Ilavsky: 
l n s t  i t u t c  C J ~  t.lacrc~mcrlecular Chemistry, 

Czechoslovak Academy of Sc iences ,  
162 , Oi5 PRAGUE 6 ( CZECH(3SLOVAKIA i . 

c Legmerited puiyurethane e l a s tomers ,  based on R mixture o f  
c a , ~ t o r  o i l  and polypropyiene g l y c o l ,  t o luene  di isocyan-  
a t e  and 1,4-butaneclio? were prepared.  The p h y s i c a l ,  
%herma1 , dyriarriic rnechanica 1 behaviour , and x-ray d i f -  
f r a c t i o n  have heen studi.ed.  The use of castor.  o i l  s h i f t s  
t h ~  main tr.%rmi%iorl rJ f the s o f t  phase tcr h ighe r  tempera- 
t u r e  ( g l a s s  t r a n s i t i o n  temperature  Tg  i n c r e a s e s  j , i m -  
proves hardness ,  t e n s i  la s t r e n g t h ,  niodulus a.rid. tear. 
s t r e n g t h .  Elongat ion amd abrasion r e s i s t a n c e  dec rease  as 
ratio of c;-st.or. o i l  increa.ses.  X- r a y  d i f f r a c t i o n  pat- 
term5 s t i i~w e!iasto:lIers are Xrioryhous. T r i f u n c t i o n a l i t y  o f  
c : a s t o r  o i l  l e a d s  t o  t h e  c r o s s l i n k i n g  of s o f t  segments 
a.nc1 a decrease of s o l u b i l i t y  arid swe l l ing  of  e l a s tomers .  

INTROJXJCTION 

Pvlyurethane i P[J )  e l a s tomers  are w e l l  known f a r  t h e i r ,  
h igh s t r .ength,  r e s i l i e n c y  end good resis ta .nce t o  abra- 
s i o n .  The main c o n s t i t u e n t s  of poiyurathane e l a s tomers  
a r e  a. long cha in  ol igomeric  p o l y o l ,  a d i i socyana te  and a 
l u w  molecular weight. d i o l  o r  di;smine as a cha in  extend- 
e r .  The polyo1 may be a p o l y e s t e r  o r  a po lye the r  oligcrcn- 

' NCL C:ommunication No. 51E13. 
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210 RAUT ET A L .  

TAEiLli 1 

COWOSION AND PROPIlfcI'lYS OF PHEPOLYHERS 

Sample F'1 PZ € 3  Pq Pg Pg 

Composition 

Castor oil 0.00 23.00 54.40 61.W 136.00 340.00 
pbw 

( 0 . 0 0 )  (0 .2U) ( 0 . 4 0 )  (0.6U) (0.08) ( 1 . 0 0 )  

PPG 333.00 266.66 240.00 120.00 100.00 0.00 
(1.00) (0 .80 )  ( 0 . 6 0 )  ( 0 . 4 0 )  ( 0 . 2 0 )  (0 .00 )  

TDI 130.00 116.00 121.80 80.37 116.14 200.00 

NCO/OH 4.49 3.58 3.50 3 .08  2.67 2.25 

Colour Cl cl lY l Y  Y Y 

% NCO 10.60 5.50 10.37 5 .36  5.87 5 .55  

Eq.~wt. 396.20 442.12 405.00 448.7 425.5 435.7 

pbw = parts by waight,parentheses ( ) indicate equiva- 
lent ratios, cl= colourlses, ly= light yellow, y= yel- 
low,Eq. wt.= equivalent weight. 

er. E f f o r t s  have Lean rmde dur ing  the pa.s t  few dei;~td.es 
t.0 r.epla.ce these expei-~si.ve p i l iyo ls  wi- th  low c o s t  na tura l  
vege tab le  ails CJT t h e i r  d e r i v a t i v e s  i n  the prodixc-tion i i f  

u r e thane  produrts .  
Among the  vegetable oils, c a s t o r  n i l  posses s ing  h y d r o x y l  
grcrups is ~ _ y o c ~ d  pcrlyol for t he  s y n t h e s i s  of u r e t h a n e  
eiast,omers. Cast. polyurethane elast.omers based on 
cast.or o i l  and d i i socyana t . e s  are  h i g h l y  c r o s s l i n k e d ,  
hard and have l o w  elcingation at. kri-eak. We have observed 
that.  cas tor  o i l  possesses excel lent  c o m p a t i b i l i t y  w i t h  
pu lypropylene  g l y c o l s  ( E ' P G )  i n  a l l  p r o p o r t i o n s  SCI tha t .  
P E G  can be e f f e c t i v e l y  blended w i t h  c a s t o r  o i l  tcr o b t a i n  
pcr lyure t .hane e lastomers . 
T n  t.he present,  s tudy  w e  report. blends of castor  o i l  , f ' f G  
fcrr producing cast,able u r e t h a n e  e l a s t o m e r s .  E f f e c t .  of 
t h e  d i f f e r e n t .  r a t i o s  irf t , w o  p o l y o i s  ton t,he p h y s i c a l ,  
t h e r m a l ,  dynamic mechanica l  p rope r t i e s  and x-ray d i f -  
f r a c t i o n  cif t h e s e  urethane e l a s tomers  have been s t u d i e d .  

EXPERIMENTAL 

M - d  ' 4: F'olypi-opylene g l y c o l  of M,= 1930 (RASF 
Wyandotte ( h r p o r a t i o n  U. S -  A.1, c a s t o r  oil ( I . P .  grade)  
having hydroxyl  number 165 mg IC(3H/g w e r e  u s e d .  1,4- 
butanediol w a s  obtained frcrm f 4 / s .  Koch Light  Lab. Eng- 
land. Toluene di isocyanate  (TDI ) having i30/'20 blends of 
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CASTOR O I L  ON POLYURETHANE ELASTOMERS 211 

TABLE 2 

COMPOSITION OF ELASTOMERS 

Sample El E 2  E 3  334 E 5 E€l 
__ 
Composit,ion 

pbW 
CO,/'FPG 1:). 0,,'1 . 0 0 .  2 / 0 .  8 0 .  4,/0 6 0 .  6,iO. 4 0 .  8/'0 . 2 1 . O,/O . 0 

PF' 43.40 46.32 42 .77  47.09 44.68 46.17 

1 , 4 - A D  4 . 5  4 . 5  4.5 4.5 4.5 4 . 5 

Pli:O/OH 1.05 l . 0 5  1 . 0 5  1 . 05 1.05 1 . 05 

T, c.'c:! -43.5 -42.1 -33 .5  -28.2 -11.7 15.1 

t h e  2,4- and 2,6- isomers of 48.2 X !?(:(I was ob ta ined  
from M/s. BASF Wyandotte Ccrrporat i o n ,  U. S . A. 

'?par at. i r~fi  prevo lvrner '3; In a four-neck f l a s k ,  
equipped wi th  a mechanical s t i r r e r ,  thermometer, nitrcl-  
gen ga.s i n l e t  amd ou t  l e t ,  c a l c u l a t e d  quant i t 7  of TDI was 
t aken  i n  t h e  f la&.The r e q u i r e d  q u a n t i t y  of mixture  of 
c a s t o r  o i i  and PPG (Table  lj w a s  added g radua l ly  t o  TDI 

till t h e  a d d i t i o n  of yo lyo l  i s  completed. Later. t h e  
r e a c t a n t s  were hea ted  t o  80" c and maintained a t  8 ~ t " - i 3 5 ~  
C f o r  one ho-ur t o  comple-te r e s i n i f i c a t i o n  r ea . c t ion .  The 
i socyana te  content.  (2; NCO) of t h e  prepolymers were 
determined a.s p e r  t h e  prcrcedure rnentioned i n  t h e  
l i t e r a t u r e .  8 

maintaining temperature  of t h e  r e a c t a n t s  a t  Zc-Jo-"Ecr LaJ -, 

Preni i  - n  a t  ion I;rf elitsttmncca: Castable  polyurethane elast.crm- 
er w a s  prepared b y  t a k i n g  t h e  required quant.it.y of 
prepolymer, 1,4-but.ane d i o l  (Table  2 )  and t h e  c a t a l y s t .  
dibut.ylt , in d i l a u r a t e  { 0 .01  w t .  X of tot .a l  cha rge ) .  T h e  
r e a c t a n t s  were weighed i n  a beaker, degassed under 
reduced pressure ( 2 - 5  mm of H g )  and poured i n t o  a heated 
sheet.  mould maint.ained at, 80" C ,  having s i l i c o n e  r e l e a s e  
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212 RAUT ET AL. 

agent , .  E las tomer  5heet .s  o f  s i z e  14Ox10Ox." mm s i z e  w e r e  
produced.  The cast  s h e e t s  were cured. t o  s o l i d i f y  at, i3Ctc' 
c i n  8bcJut 2-:3 h o u r s ,  and f i n a l l y  cured  a t  IIO"C f o r  
3 d d i t i o n a l  1 2  hour s .  All t h e  sampler;; were aged a-t room 
t.ernpei-ature 27 - + 2" C f o r  3O d a y s ,  p r i o r  t.cr evaluat , ic in  
of p r o p r r t , i e s .  

c; '3 Le&hg:  The t , e n s i l e  s t r e n g t h ,  1 C i O  X modulus, 
h a r d n e s s  and e l o n g a t i o n  at. b reak  w e r e  det.ermined accord-  
i ng  t.o ASTM -1:) 412. Tea r  s t . rengt .h  was de te rmined  a c c c ~ r c l -  
i.ng t o  HSTM-D 62'4-514 u s i n g  d i e  'J. 

rr: ' .- w: The,dynamic s h e a r  modulus 
G . ( w )  =-where G and G' w e  t h e  st.ctrage and 
l o s s  moduli r e s p e c t i v e l y  was measured u s i n g  a Hheomet.- 
rics system fcmr a p p a r a t u s ,  a t  1 n s t i t . u t . s  of Mac:romcrlec.- 
ular Chemistry i IMCj ~ Prague ~ Czechos lovakia .  The meas- 
nrements  were made a t  f requency  w = 1 Hs i n  t h e  t.emprra- 
t u r r  range  --GO"' and 2OO "c. 

. .  a . r t r o r a  mDe .rat.- Tg: D i f f e r e n t . i a l  s cann ing  
c a l o r i m e t r y  measurements w e r e  c a r r i e d  out. w i t h  a Higairu 
Thermal Analyser  Model I W -  8 2 3 0 ,  u s i n g  sample weight. i ~ f  
17- 18 mg. The h e a t i n g  ra te  was kept  at. I(:J'' i:: per miiiute 
i n  n i t r o g e n  atmosphere. 

Thcrmcrer.nv1 ' t , r i G  a d v s  j R ( 'I 'r JA 1: E'erkin E l m e r  7 ser ies ,  
the rma l  a n a l y s e r  was used  i n  t h e  s t ,udy.  The samples  w e r e  
t e s t e d  a t  t h e  h e a t i n g  rate of loc'i: g ~ e r  miniite iinrj-er. 
n i t r o g e n  a tmosphere ,  at, IM(3, Fragu.e. 

&TI.c:ion 1 'F: .c: i .ct il nzc : Abra.s i o n  r e  s i s t a rice R t u d  ie  s were 
c a r r i e d  out u s i n g  Taber Abrasion t e s t e r  model 50:3 and 
H-l i3 abrad ing  w h e e l s  f o r  1000 g l o a d  fur lctoil cycles. 

&lvent swelling & =;ulu& P extract- . The samples were 
kept i n  s o l v e n t  benzene f o r  one week, and voi-ume s w e l l  3; 
was d.etermined from the  i n c r e a s e  i n  weight  of t h e  sarnple 
The SamElleS w e r e  k e p t  i n  d imethyl  forrnarnide ! D t l F  f o r  Y. 
wrek and ao luk~ le  f r a c t i o n s  ( X j were de termined .  

X-ray d i f f r a c t i o n  p a t t e r n s  of PT? 
elastomerr;; were de te rmined  usii-ig P h i l i p s  X-ray u n i t  
(E'hi1.ips genera . tor  FW-17:30) and N i - f i l t e r e d  CuK, r a d i a -  
t i o n s .  

RESULTS AND DISCUSSION 

aevera l .  veget.able o i l s  and t h e i r  d e r i v a t i v e s  have been 
e m p l o  4 i n  t,hs preparat.icrn o f  u r e t h a n e  p r o d u c t s .  Gold- 
b1at.t" h a s  r e p o r t e d  t h e  use of  castmr o i l  wit,h of 
rnolec:ular*weight. 400 and 2000 wit,h t o l u e n e  d i i s o c y a n a t e  

r 

F'F'G 
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CASTOR OIL ON POLYURETHANE ELASTOMERS 213 

1.1 s i ng 4- 4 -me t.hy 1 ene  -b i s- 2 - ch  1 ci i-clan i 1 i rie ( M O ~ ~ A  ;I a s  c h a i n  
e x t e n d e r .  The elast.cimer=: thus nbt .a ined have h igh  t , e n s i l e  
s t , rengt ,h  h a r d n e s s  and moderat,e elcingat, ion at .  t~ i -eak .  

In t .he p r e s e n t  st .udy prcpci lymsr  
hav ing  i s o c y a n a t e  (content (2; PJ 

e q u i v a l e n t  we igh t  j . TDI q u a n t i t i e s  w e r e  also v a r i e d  
a c r : c ) r d i n $ l y .  T h e  average molecuiar we igh t  of p o i y o l s  
rni:<turc- decreases a s  castor o i l .  cont.ent increases f r o m  
F’) to Ff5. A l l  t h e  prepvlyrrrers were f r ee  f lowing  viscous 
l i q u i c t s  posse=:s ing  sa t , i e fac t .c r ry  r?t.orage = : t a h i l i t , y .  

The elastamer samples 
w e r e  prepareci wit .h 
NC:O/’OH r a t . i u  1 . 05,,’1. 0 .  
The mixed r e s i n s  p r n -  
v i d e d  miff icierit time 
far mixing ,  degassing 
and cas t . i ng .  Increase i n  
raster. o i l  r a t . i o  i n  t h e  
t r lend.  resul t .eci  i n  
h i g h e r  visc:osi t .y  \of t h e  
prepolyrners .  cast. 
eheer .s  w e r e  t ,est .ed 
a f t e r  one mcint.h a g i n g  
at .  r c m m  t .emperat.ure.  

PF1[.: W a s  reF’lact3d SUcceSSflJlly kJ 

m Lhr;.sp ~ : l a s t , o tne r s  may tie 

v i s u a l i z e d  as  cc ipoly-  
mers having  randomly 
d i s t, 1- i Lute? s o f t .  see- 
r1ent.s of c a s t o r  o i l  and 
FtG and h a r d  s e g m e n t s  
vf TDI and FL. Ei . a s t . om-  
er based c~n o n l y  FF’G 
has 2!3. 8 X s o l u h i l i t ~ y  
where a s  e 1 a E tr.orne r kia sed 
Or1 o n l y  r.ast.crr o i l  has 
nag 1 j. g iS I e 
However , su lu t i i 1 i t . y  o f  
e l a s t . ~ m e r s  E l  t.cr Eg 
decreases w i t h  t h e  
i n c r e a s i n g  r a t i o  of 
castrrir o i l  ( F i g .  1 ) .  The 
degree  of s w e l l i n g  is 
dependent. on the amount. 
of c:ast.or o i l  and it 
d e c r e a s e s  from 173.5  % 
i n  E l  t.o 89. 9 % i n  Eg . 

EO I.ub i 1 i t. y . 
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1ov. 
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y r o r j e r t i s :  The physi- 

214 RAUT ET A L .  

fhvsic:al & thcrmdl - -  
y r o r j e r t w :  The phys i -  
c a l  p r o p e r t i e s  uf 
samples  w e r e  dependent.  
on t h e  amount, of cas to r .  
o i l  i n  t.he poiymer.  The  
t e n s i l e  s kreng t h  
i n c r e a s e s  f r c m  2.09 t.o 
15.46 ME'a  f o r  elast .om- 
ers E7> t o  Eg ( F i g . 2 ) .  
I n i t i a I l y  it! d e c l i n e s  
f r o m  3. 34 t o  2 . 09 MF'a 
for samples El to E2.  
100 X mudulus also 
shcrws E i m i l a r  beha- 
vi.our . 
I t .  decreases f r o m  C ! .  529 
t , ~  <:i.38$1 for El t o  k.2. 
But. increases  from 
0.38Ci t,o 7.r31 PjF'a ICJY 
E2 to E Elongat . ion at  
b r e a k  $;creases from 

fc l r  ES i n d i c a t i n g  t h a t  
as  c:ast.crr oil p o l y o l  

I increases, h i g h e r  crass- 
l i n k i n g  occ'urs due t.o 
its t.r i funct .  iona. 1 
nat .ure  . 

-. 

59!:) x f o r  El t.n 210 Zb 

;? 2 Wi t.h i n c r e a s i n g  conten t .  
t of cas t , o r  rrbi 1 i n  t h e  
8 b l e n d  glass t . r ans i t . i on  
{Tgj of so f t .  segment. 

1 Y i r l c r eases  froin -43.  5" 4 to 1:). I"C: f o r  elastorn- 
, t  ers El t,i:l EA iTable 2). 

T e a r  st.1-engt.h fclr  sam- 
p les  E t o  E~ i n c r e a s e s  

E f r o m  A ~ . o E ~  t o  32.94 
KN/m r e s p e c t i v e l y .  Then 
t h e  tear s t r e n g t h  value ? for sample Eg de- 

P creases t.o '20 . 1 3  KM/rn. 

' 0  

Fffi.3 PHYSICAL PROPERTIES OF PU ELnSTONERS 
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CASTOR O I L  ON POLYURETHANE ELASTOMERS 215 

TABLE 3 
THERMOGRAVIMERTIC ANALYSIS OF POLYURETHANE ELASTOMERS 

Ei 

Again it increases s t e a d i l y  a s  r a t i o  of c a s t o r  o i l  
j ncrF;'ysec: ( Fig 3 j  . Shore A hardness i n c r e a s e s  from 30 
f o r  El t o  80 f o r  Eg. On the o t h e r  ha-rid weight loss d.ue 
t.o abras ion  i n c r e a s e s  as  cast.cJr o i l  content. i n c r e a s e s .  
Th i B shows abl-a s i on prope r t, i e s cle te r i 0 ra t .  e a s c rD s s 1 ink -- 
ing i n c r e a s e s  wit.h increas ing  r a t i o  cif castor o i l .  

According t.o Apukht.inaici et. a1  . , abras ion  r e s i s t a n c e  of 
F'U e l a s t . c i m s r s  decreases  as t h e  length crf t h e  f l e x i b l e  
d i a l  chain i n c r e a s e s  from ( C H 2 ) z  t o  ( C I H Z ) ~ .  The least. 
abras ion  r e s i s t a n c e  of elast.omer E e  based on c a s t o r  o i l  
wi th  high c r o s s l i n k i n g  may be a t t r i b u t e d  t o  .the t r i g i y c -  
er i .de s t r u c t u r e  of c a s t o r  o i l  conta in ing  r i c i n o l e a t e  and 
CHz a!.Byl chairis. 

Weight. loss of t h e  elastcrmers have been recorded from 
2f~cJ"' C: t C J  6(K)" C!. I n i t i a l  decomposition t.emperat.ure( Tg! 
and temperature at, 10 %; (TIC) 1, :3(1 X (Tgc:,), and 50 X(T5(- I 

f o r  all t h e  sa.roylas is between 25go t o  272" ( 2 .  
and Tq?: ;ernpera.ture f o r  e las tomer s a ~ i ~ ~ l e s  a r e  
314", --.'3 t o  357@,  and 380" t o  397" C: r e s p e c t i v e l y .  

T e m p e r a t a r e  Tm,,-,(,decomFosit.ior: t e m p e r a t u r e  at, f i r s t  
s t a g e  ) and Tma,-2 ( ecompnsit ion t.emperature a t  second 
s t a g e )  are bet,ween 319"t.o 32BV C and 394" t.o 4 6 3 O  C 
r e s p e c t i v e l y .  These e las tomers  have lower thermal sta- 
b i l i t y  i r r e s p e c t i v e  of t h e  h igher  c r o s s l i n k i n g  as r a t i o  
of c:ast.or o i l  is increased .Thermal dat.a of M D I  based F'LJ 

weight, L c r s s  ocxurred are given i n  Table 3 and F i g .  4. 4, 
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FIG 4 THERMOGRAVIMETR~C ANALYSIS OF POLYURETHANE ELASTOMERS 

Due t.o h igher  f u n c t i o n a l i t y  of c :as t .n r  o i f  , (about. 2 . 7 )  
and i n c r e a s i n g  o i l  c o n t e n t ,  t h e  r r i o d i i i u s  (3 In  t h e  rubber 
region increa.ses (Fig. 5 i . 

rubbers  crf F'F'G,,'rastor o i l  blends has shown h i g h e r  t,her.- 
ma1 s t a b i l i t y  than the PIJ e l  as. torners of TDI system' ' .  
w- w: The dynamic rnechanica.1 
behav iour  of sarnples E 2 ,  Eq  and E,; is s l i o w n  i n  F i g .  5- 7 . 
The g r a p h s  of e l a s t u r n e r s  have 3. shape typical. f o r  arnor- 
yhoits systerri ( Fig. 6 1 . 

Increasing CaSt,CJl-  oil c:nnt,ent. s h i f t s  t h e  main t . r a n s i t . i o n  
zone t o  h i g h e r  t . empera turex .  T h i s ,  a s  expect.ed the main  
t r a n s i t , i o n  regi .on of polyet.her c h a i n  based on E'F'G is 
1ocat.ect at. at-mut. 40" C lciwer t .emperat ,ure  t.her. t,he main 
t . r a r i s i t , i o n  of ca s to r  o i l .  

. .  
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nG.D TEMP DEPENDENCE Cf TENSLE STORAGE IG'I MODULUS FOR POLYURETHINE 
ELASTOMERS 

TEMPERATURE 1% 1 

F IG.6  TEMP DEPENDENCE OF ENSILE STORACE(G') MODULUS FOR RXYLIRElHANE 
ELASTOMERS 
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~ 

0 60 120 180 
TEMP *c 

FIG. 7. TEMPERATURE DEPENDENCE OF TAN 1 FOR WLYURETHANE ELPSTOMERS 

1 From t h e  value of  (1; M E ’ a )  
it is  p o s s i b l e  t o  c a l c u l n t e  t h e -  rno1ecula.r we igh t  M ,  
hetween t h e  c r v s s l i n k s .  

M, = eKT/G‘ 

w h e r e  < is t h e  d e n s i t y ,  H is the. gas cons tan t .  and T is  
the t .smperat.ure. One c a n  f i n d  t.he v a l u e  M, = 1800 
which q u a - l i t a t i v e l y  correlates with the e s t i m a t e d  va‘lue 
of !Ic (2,/:3 CO + TDI j 800 

F o r  sample E2 w i t 9  h i g h e r  cont.ent. of F’FG t . r ans i t . i un  t o  
f l o w  r e g i o n  on C; and log E can  be observed  (F ig . ? )  and 
F i g .  7 ) .  T h i s  means t h a t  chemica l  network w a s  n o t  formed 
i n  t . h i s  case. From F i g . 7  one can  see ,  t ,hat  b roadening  C J f  

main t r a n s i t i o n  t a k e s  glace w i t h  i n c r e a s i n g  content .  of 
FPG. X-ray d i f f r a c t i o n  p a t . t e r n s  of F’U e las t*omer  samples 
E l  t.o E6 dcr not. show s i g n i f i c a n t .  v a r i a t , i o n  on t h e  

for sample EA at. 110“ (7 (G’z2 D
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1. 
3 
Y .  

3 .  

4.  

5.  

6. 

7 .  

8. 

9 .  

1 0 

11 

s p e c t r a  ( F i g .  8 ) .  The spec- 
t r a  c o n s i s t e d  of one b road  
h a l o  i n  t h e  r e g i o n  between 
28 = IS)” and 21@, i n d i c a t i n g  
tha t .  majo, p o r t i o n  of t h e  
polymer is amorphous i n  
c h a r a c t e r .  
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