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ABSTRACT 

A c e t o x y  bu ty l  esters  p repa red  f rom estol ides  
(der ived f rom cas tor  oil f a t ty  acids) were eva lua ted  
as plast icizers  for  poly (vinyl  ch lor ide)  (PVC)  resin.  
They  s h o w e d  l imi ted  compa t ib i l i t y .  T h e y  were useful  
as s econda ry  plast ic izers  for  PVC a long w i th  d ioc ty l  
p h t h a l a t e  plast icizer .  The  p roper t i e s  of  the  p las t ic ized 
s tocks  were general ly  comparab l e  to  the  ones  
o b t a i n e d  by  i n c o r p o r a t i n g  12-ace toxy  b u t y l  oleate ,  
t he  commerc ia l  secondary  plast icizer .  A m o n g  the  
es tol ides  derivat ives t r ied,  t he  a ce t oxy  b u t y l  ester  
o b t a i n e d  f rom estol ides  of  acid value 83 showed  
b e t t e r  p e r f o r m a n c e .  

INTRODUCTION 

Castor  oil con ta ins  90% h y d r o x y  fa t ty  acids. Hydro lys i s  
of  cas tor  oil u n d e r  h igh pressure  (1)  or  Twi tche l l  process  
cond i t ions  (2)  d i rect ly  yields estolides,  a po l ymer i zed  
p r o d u c t  wi th  an  average acid value (A.V.)  of  50 and  85,  
respect ively ,  and  equal ly  low h y d r o x y l  c o n t e n t .  Of  late,  
p o l y m e r i c  plast icizers  are f ind ing  accep tance .  It  is also well  
k n o w n  t h a t  12-acetoxy b u t y l  o lea te  der ived f rom cas tor  
oil is a s econda ry  plas t ic izer  for  poly  (vinyl  ch lor ide  ) 
(PVC).  So it  was o f  in te res t  to  s t udy  the  usefulness  of  t he  

1 For parts I and II in the series, see Reference 3 and 4. 

TABLE I 

Characteristics of Materials a 

A.V.  OH.V.  I .V.  S .V.  

Castor oil fatty acids 178 162 87 186 
12-acetoxy butyl oleate 0.9 0.6 74 --- 
Estolides (A.V. 83) 83.4 68 89 194 
Acetoxy butyl esters 
from estolides A.V. 83 2.1. 0.9 81 --- 
Estolides (A.V. 54) 54 40 94 197 
Acetoxy butyl esters 
from estolides A.V. 54 1.24 5 79.2 

aHydroxyl value, OH.V; Iodine value, 1.V., Saponification value, 
S.V. 

ace toxy  b u t y l  esters  o f  estol ides,  wh ich  have similar  basic 
s t ruc tu re ,  as secondary  plast icizers  for  PVC. In this  paper  
these  derivat ives were eva lua ted  and  c o m p a r e d  wi th  12- 
a ce toxy  b u t y l  o lea te  as secondary  plasticizers.  

EXPERIMENTAL PROCEDURES 

Estol ides  of  A.V. 83 and  54 were p repa red  accord ing  to 
the  p rocedure s  of  Kane  (3).  The  es tol ides  thus  o b t a i n e d  
were conve r t ed  i n t o  ace toxy  derivat ives by  re f lux ing  wi th  
acet ic  a n h y d r i d e  in the  presence  of  pyr id ine .  The  ace toxy  
estol ides  were i so la ted  and  s u b s e q u e n t l y  es ter i f ied by  
re f lux ing  wi th  b u t a n o l  in the  presence  o f  p - to luenesu l fon ic  
acid ca ta lys t  while  r emoving  the  wa te r  of  r eac t ion  as 
b u t a n o l - w a t e r  azeo t rope .  The  ace toxy  b u t y l  esters  of  
es tol ides  t hus  o b t a i n e d  were i so la ted  and  dried.  The  12- 
a ce toxy  bu ty l  oleate  was p repa red  f rom cas tor  oil by  
t r anses te r i f i ca t ion  w i th  dry b u t a n o l  u n d e r  ref lux ,  using 
meta l l ic  sod ium dissolved in b u t a n o l  as catalyst .  The  
p r o d u c t  was i so la ted  and  ace ty l a t ed  as descr ibed  earl ier  to  
ob ta in  12-ace toxy  b u t y l  oleate .  The  charac ter i s t ics  of  these  

derivat ives are given in Table  I. 
These  der ivat ives  were sc reened  as plast ic izers  for  PVC. 

The i r  p e r f o r m a n c e  was c o m p a r e d  wi th  t ha t  of  d ioc tye  
p h t h a l a t e  (DOP).  The  c o m p o s i t i o n s  screened were made  up 

of  a m i x t u r e  100 par ts  o f  PVC and  50 par ts  plast icizer .  
The  empr ica l  screening tes t  used cons is ted  of  gelling the  
resin mix  for  5 ,10 and  15 min  at 180 C i n  the  form of  a 
t h in  fi lm over  glass plates.  The  spec imens  were visually 
e x a m i n e d  for  clear and  c o m p l e t e  gelling and  exuda t ions .  
C o m p o s i t i o n s  passing the  tes t  were f u t h e r  mil led,  m o l d e d  
and  sub jec ted  to  phys ica l  test ing.  The  screening p rocedu re  
gave an  i nd i ca t i on  of  compa t ib i l i t y .  As pe r  th is  p rocedure ,  
the  ace toxy  bu ty l  esters were f o u n d  to  be useful  as 
secondary  plasticizers.  Spec imens  were made  f rom composi -  
t ions  t h a t  passed by  mix ing  b lends  con ta in ing  10,20 or  30% 
of  these  esters in  DOP, wi th  PVC in the  ra t io  5 0 : 1 0 0  for  
5 m in  and  mil l ing in a doub le  roll  s t eam h e a t e d  mil l  for  10 
min  at 140 C. 

The  c o m p o s i t i o n s  t h a t  fused and  gelled over  the  rolls 
and  r e m a i n e d  free f rom e x u d a t i o n  were  m o l d e d  i n to  7 in.  
x 7 in. x 0 . 0 7 8 7 4  in shee ts  u n d e r  300  lbs pe r  sq. in. pres- 

TABLE II 

Physical Properties a 

Plasticizer blend contained 100% Tensile 
acetoxy butyl ester and DOP Modulus strength 
from (P.h.r.) (P.h.r.) (P.h.r.) (Psi) (Psi) 

Elongation 
% 

Shore 
hardness 

10 Sec. cycle 
Volablity 

% loss 

Compatibility 
after days 

30 60 

1. NIL 0 50 1041 2222 354 73 . . . . . . . . .  
2. Castor oil 5 45 1077 2233 354 73.5 1.5 G G 
3. Estolides (AV 83) 5 45 1101 2279 351 74.5 1.5 G G 
4. Estolides (AV 54) 5 45 1075 2277 335 75.0 1.7 G G 
5. NIL 0 45 1406 2376 325 77.0 . . . . . . . .  
6. Castor oil 10 40 1059 2243 359 77.5 1.7 G G 
7. Estolides (Av 83) 10 40 1139 2304 340 78.0 1.7 G G 
8. Estolides (Av 54) I0 40 1180 2334 324 78.5 1.7 G S 
9. NIL O 40 1707 2590 305 83 . . . . . . . . .  

10. Castor oil 15 35 1129 2263 359 80 1.9 G G 
11. Estolides (AV 83) 15 35 1186 2391 335 79.5 --- G G 
12. Estolides (Av 54) 15 35 1264 2378 314 80.5 1.7 G P 
13. NIL 0 35 1871 2687 285 86 . . . . . . . . .  

aG, Good, S, Slight separation, P, Poor. phr., parts per hundred resin. 
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sure at 165 -+ 2 C for 10 min. These sheets were condi- 
tioned at 23 -+ 1 C for 7 days prior to physical testing. 
The tensile strength of the specimens were determined 
by ASTM methods. Measurements were made on a 
Zwick tensile tester and the elongation was measured at 
break. Hardness was determined using a Zwick durameter 
"A."  Volatility loss was determined by heating 1 in dia 
specimens at 105 + 1 C for 24 hr in an air oven. The speci- 
mens were stored at ambient temperature and visually 
examined for compatibility over a number of days. The 
evaulation data are presented in Table II along with those 
obtained for DOP alone as the sole plasticizer. 

RESULTS AND DISCUSSION 

The data obtained show that increase in molecular 
magnitude of  the estolides, (indicated by decreased A.V. 
of  estoLides.) decreased the plasticizer efficiency of the 
acetoxy butyl ester derivatives. Plasticizing efficiency of  the 
acetoxy butyl esters as secondary plasticizers decreased in 
the order castor oil derivative, to estolides (A.V. 83), to 

estolides (A.V. 54). The properties of the compositions 
consisting of lower amounts of DOP alone are improved 
upon by the addition of these esters. However, the acetoxy 
butyl ester derivative obtained from estolides (A.V. 54) 
generally showed poorer performance, while the derivative 
obtained from estolides ( A V .  83) was comparable with 
12-acetoxy butyl oleate within the experimental limits. 
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