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should tu rn  out to be the case, it might  serve to ex- 
plain some heretofore obscure experimeutal  facts, 
but, on the other hand, it would probably require 
a radical reformulat ion of some of our ideas about 
emulsion stability. 
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Abstract  

An investigation of butyl  stearate, butyl  oleate, 
butyl  ricinoleate, and methyl  linoleate was made 
to determine the extent of their  compatibil i ty with 
po ly(v iny l  chloride) and their plasticizing ef- 
fects on the physical propert ies  of the result ing 
molded sheets. These monoesters were evaluated 
as the sole plasticizer and in combination with 
DOP. The results showed the materials  to have 
limited compatibi l i ty in general, being less than 
10% of the total niix. In  combination with DOP 
these compomlds were found to improve the plas- 
ticizer efficiency, color, low tempera ture  flexibil- 
ity, and heat stabil i ty of the nmlded poly(v inyl  
chloride) sheets over those containing DOP as 
the sole plasticizer. Tensile strength,  per cent 
elongation, and light stabil i ty propert ies  were es- 
sentially comparable to those found for pure  
DOP. 

In t roduct ion  

T H E  PLASTICIZER l i terature contains n u m e r o u s  r e f -  
e r e n c e s  to the linlited compatibi l i ty of nmnoesters 

such as buty l  stearate and butyl  oleate with poly 
(vinyl  chloride) resins. Doolittle (1) states that  the 
quant i ty  of buty l  stearate that  can be added to vinyl 
chloride compositions is very small since the result ing 
material  tends to exude and develop an oil fihn on 
the surface and that  butyl  oleate is slightly more conl- 
patible, owing to its double bond;  however, the ex- 
tent  of compatibi l i ty and the resul t ing propert ies  are 
not discussed in the l i terature.  Therefore, several 
monoesters of f a t t y  acids were studied in order to 
determine the extent of compatibi l i ty and the effect 
on physical propert ies  of po ly(v iny l  chloride).  Ili 
addition, it has been stated that  compounds containing 
free hydroxy  groups have limited compatibil i ty (2 ) ;  
an exception to this is the citrate esters. One of the 
conlpounds studied contains in addition to Ullsatura- 
tion a free hydroxyl  group. 

Exper imenta l  

Materials. The materials  used in this illvestigatiou 
are all conunercial. 

1 Presented at the AOCS Meeting, Minneapolis, 1963. 
~A laboratory of E. Utiliz. Res. and Dev. Div., ARS, USDA. 

i 
Material Source 

Butyl s t  . . . .  t,, ~ i  ioill ~ ! f ~ i . :  Butyl Oleate 
Butyl Rieinoleate 
Methyl Linolea te 

_ _ _ I ~  number ] % 

o I 1.46 I 0.44 
74.98 75.98 0.80 
71.59 74.95 I 1.75 

/ 
172.40 138.86 / 0.71 

tllasticizer Evaluation. A three-component formlfla- 
tion of resin, plasticizer and stabilizer was used. The 
resin was Geon 101 po ly(v iny l  chloride). Two plas- 
ticizer fornmlat ions were enlployed, one (A) in which 
the plasticizer was varied f rom 4-34% with respect 
to the resin, and the other (B) using a total of 34% 
plasticizer of which the amount  of the monoester 
varied f rom 4~/.,-291/~% conlbined with the necessary 
anlouut of DOP (di-2-ethylhexylphthalate)  to bring 
the total plasticizer to 34% of the total  nfix. 

A bariuni-cadmiunl liquid phenate stabilizer sys- 
ten1 (Mark M) was used at 1% of the total mix for 
all the fornlulations. Since the p r ima ry  purpose of 
the s tudy was to deternfine compatibi l i ty and effect 
on mechanical propert ies  no a t tempt  was made to 
at ta in maxinmm heat and light stability. The fornm- 
lations were milled at 160C for 7 min except where 
low compatibi l i ty prevented fusion, thereby requir ing 
a longer time on the mill. Samples requir ing more 
than 5 rain to fuse and fornl a complete band were 
nfilled an addit ional 3 nlin af ter  fornling a complete 
band. Conipatibili ty was deternfined by observation 
of the time of fusion dur ing milling and the time for 
exudation to appear  af ter  molding. Samples were 

TABLE I 
Fusion Time (Min) 

% 

Formulation A 
4 
9 

14 
19 
24 
29 
34 

Butyl 
stearate 

3 
5 

Butyl 
oleate 

7 

Butyl 
riein- 
oleate 

2 

2V~ 
5 
5JA 

Methyl 
linoleate 

2 

2% 
3 

DOP 

1% 

1/2 
1/2 
% 
V~ 

Formulation B (Total plasticizer 34 9~ ) 

ld, 

191~ 2 '- 1 !~ 1 '" G 
24 ~,,, 3 '~ a 12 3 1 
2 9 1 / ~  . . . .  7 2 

" 22 % butyl stearate. 
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TABLE II 

Character is t ics  of Molded Sheets 

% Buty l  s tearate  Buty l  oleate Buty l  r ic inoleate  Methyl l inoleate DOP 

Formula t ion  A 
4 No exudate ; t rans- No exudate ; t rans- No exudate ; t rans- No exudate ; t rans- No exudate ; t rans-  

parent ,  amber  parent ,  yellow parent ,  yellow parent ,  amber  p a r e n t  amber  
9 No exudate ; No exudate  ; No exudate ; s l igh t  No exudate  ; t rans- No exudate  ; t rans-  

opaque, amber  hazy, yellow haze, yellow t i n t  parent ,  amber pa ren t  pale amber  
14 ............ S l igh t  exudate ; S l igh t  exudate ; No exudate ; t rans- No exudate ; t rans-  

opaque, ivory opaque, yellow t in t  parent ,  pale amber  parent ,  l igh t  amber  

Fo rmula t ion  B (Total  plast icizer 3 4 %  ) 

41~ No exudate ; t rans- No exudate ; trans- No exudate ; trans- I No exudate ; t rans- [ 
parent ,  colorless parent ,  colorless parent ,  colorless [ parent ,  crystal  whi te  I 

9 1~ No exudate ; l rans-  No exudate ; t rans- No exudate ; t rans- I Sl ight  exudate  ; t rans- 
parent ,  colorless parent ,  colorless parent ,  colorless [ pa ren t  crystal  whi te  

inspected periodically for  signs of exudation, up to 
14 nmnths. 

The tensile data  were obtained using an Ins t ron 
tensile tester. Two speeds of testing were necessary 
since the materials  ranged f rom rigid (0-141/.z%) to 
flexible (above 141~%). These were tested in accord- 
ance with the appropr ia te  ASTiV[ test procedure (3,4). 

I t  has become common practice to measure the stiff- 
ness in torsion as a funct ion of temperature .  This 
method was introduced by  Clash and Berg (5) who 
empirical ly selected an apparen t  modulus of elasticity 
of 135,000 psi as the borderline between a rigid and 
nonrigid material .  This is a value called the flex 
t empera tu re  Tf. The tempera ture  at which the stiff- 
ness of 10,000 psi is observed is called T4 and is 
significant because of its approximate  equivalence to 
the tempera ture  of maximum slope. Hea t  stabil i ty 
tests were conducted on molded specimens in an air 
convection oven at 160C. Samples were removed peri- 
odically and examined using a visible range spectro- 
photometer  to measure the % loss of t ransmit tance at 
600 m~ wavelength. Time of fai lure was a rb i t ra r i ly  
chosen as the time at which 20% transmit tance was 
recorded. 

Light  stabil i ty was determined by exposing 1-in 
squares under  a UV lamp the samples being 7 in. f rom 
the source. The samples were necessarily heated dur- 
ing exposure ; the t empera ture  averaged ca. 60C. Com- 
plete details of the method of test sample prepara t ion  
and testing have previously been published (6). 

Results  and Discussion 

Compatibility. The first indication of the compati- 
bility of a plasticizer is observed dur ing the prepara-  
tion of the test specimen upon milling. A completely 
incompatible mater ial  will not fuse with the resin, 
the rate of fusion vary ing  with the efficiency. The 
more efficient the plasticizer the faster  the rate of 

fusion. The rate of fusion for the materials  investi- 
gated is shown in Table I. 

All the experimental  materials  produced fused 
sheets on the mill ;  however, the extent to which they 
could be employed varied. In  formulat ion A (Table 
I)  butyl  s tearate and butyl  oleate show the poorest 
miscibility, being completely incompatible above 9 
and 14%, respectively (no fusion).  Although the 
butyl  ricinoleate showed miscibility at 24%, the fusion 
time was long. On the other hand, methyl  linoleatc 
could be incorporated to the greatest  extent (34%),  
requir ing a fusion time of 3 min. 

The compositions listed in Table I were then molded 
into sheets and observed immediately af ter  cooling 
for surface exudate. The results are shown in Table 
I I .  All samples show no immediate exudate up to 9%, 
and no exudate was observed even af ter  12 months. 
Buty l  oleate and butyl  ricinoleate first exhibit slight 
exudation at 14%, whereas methyl  linoleate was exu- 
date-free. Wi th  methyl  linoleate, exudate appeared 
at 19% and became heavier at higher levels. The 
DOP control shows no exudate at any level investi- 
gated, the highest level in this case being 34%. 

In  formulat ion B, where these materials  arc used 
in combination with DOP (Table I ) ,  the tolerance 
is increased and the fusion times are great ly  lowered, 
except where the incompatibi l i ty  level is approached 
and the fusion time increases. With  the exception of 
the methyl  linoleate, the fusion time begins to in- 
crease above the 1 4 � 8 9  level. All the molded sheets 
at 9 � 8 9  and below (Table I I ) ,  like those of formula-  
tion A, show no immediate exudation. The butyl  
stearate and butyl  oleate at the 4 � 8 9  level remain 
free of exudate af ter  14 months and at the 9 � 8 9  
level show exudate af ter  12 mouths. The butyl  riein- 
oleatc and methyl  linoleate at the 9 � 8 9  level showed 
surface exudation af ter  1 and 6 months, respectively, 
and at the 4 � 8 9  level showed exudate af ter  12 months. 

T A B L E  I I I  

Tensile Data  

Buty l  s tearate Buty l  oleate Buty l  r icinoleate Methyl l inoleate DOP 

% Tensi le  Elonga- 
s t r eng th  t ion 

(psi)  % 

Formula t ion  A 
0 
4 
9 

14 
19 
24 
29 
34 

Tensile Elonga- 
s t r eng th  t ion 

(psi)  % 

7700 10 
7100 10 
6000 10 

Tensile Elonga- 
s t rength  t ion 

(ps i )  % 

7700 10 
6500 10 
5700 10 
4700 10 

Tensile Elonga- 
s t r eng th  t ion 

(psi)  % 

7700 10 
7200 10 
5500 10 
5300 10 
3000 150 
2900 275 

Tensile Elonga- 
s t rength  t ion  

(psi)  % 

7700 10 
7100 10 
5500 10 
4600 10 
3500 200 
3200 250 
2900 300 
2800 325 

7700 
7100 
6200 
5100 
3300 
3000 
2900 
2700 

10 
10 
10 
10 

150 
275 
250 
325 

Formula t ion  B (To ta lp las t i c i ze r  34 % ) 

0 2700 325 2700 325 2700 325 2700 325 ( 3 4 %  D O P )  
4 ~  2600 375 2600 350 2600 400 2600 375 
9 �89 2500 375 2600 375 2600 375 2500 375 

1 4 ~  2400 375 2500 375 2600 375 2600 375 
19 �89 2500 400 2500 350 2700 375 2500 400 
24 �89 2000 a 250 a 2400 250 2800 350 2500 350 
29 ~ 2500 275 2900 375 

: ' 2 2 % b u t y l s t e a r a t e .  
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T A B L E  I V  

Clash-Berg  Flexibi l i ty  

Bu ty l  s t ea ra t e  Bu ty l  oleate Bu ty l  r ie inoleate  Methyl  l inoleate DO:P % 
T~ T~ T~ T t  

Formulation A 
0 
4 
9 

14 
19 
24 
29 
34 

79 
59 
53 

82 
68 
62 

Tf Tt  

79 82 
60 68 
50 58 
48 57 

T f  T~ 

79 82 
59 69 
48 60 
47 56 
43 54 
24 53 

T f  T4 

79 82 
62 7 I  
51 59 
40 53 
16 44 

0 41 
- -5  40 
- -9  40 

79 
60 
50 
40 
16 

--I 
- -18  
- -28  

82 
70 
58 
47 
40 
26 
12 

1 

For inu la t ion  B (Total  p las t ic izer  34 % ) 

0 - -28  1 - -28  1 - -28  1 - -28  i ( 3 4 %  DO:P) 
4~/2 - -35  - -1  - - 3 6  - -4  - -35  - -2  - -38  - -6  
9 ~  - - 3 4  2 - -42  - - 4  - -38  - -2  35 - -2  

14~A - -30  11 - -51  0 - -38  8 - -35  - -3  
191/2 - -22  36 - - 5 4  20 - -30  23 - -33  3 
241A - -15  a 46 ~ - -37  46 - -20  41 - -30  12 
291/2 - -30  46 - -19  32 

a 22 % buty l  s teara te .  

The butyl  oleate and methyl  linoleate did not pro- 
duce immediate exudate at 141/.2%; however, exudate 
appeared  af ter  1 month. In  general it can be seen 
f rom the results obtained for  the two formulat ions 
that  91~% is the highest percentage of these com- 
pounds which can be employed without exudation 
occurring immediately af ter  molding, al though the 
resin will tolerate larger  amounts, e.g., butyl  riein- 
oleate and methyl  linoleate. 

Physical Properties. The data obtained on the 
tensile s t rength and per cent elongation at break are 
summarized in Table I I I .  In  general for formulat ion 
A the effect of the various materials  on these proper-  
ties is seen to be comparable to those obtained for 
equivalent amounts of DOP. I t  should be noted that  
in formulat ion B a small amount  (41/~%) causes a 
slight decrease in the tensile s t rength and an increase 
in the per cent elongation, compared to the DOP 
control indicating increased plasticizer efficiency. This 
is also general ly the effect obtained for the higher 
levels, and there is little change in these propert ies  
as the ratio of DOP is decreased. 

In  Table IV  are given the Clash-Berg Tf and T4 
values observed for the PVC specimens plasticized 
with the monoesters. I t  can be seen that  for the low 
concentrations of 4 and 9% that  these materials  pro- 
duee the same effect on flexibility as DOP, but  that  
at the higher concentrations none of the experimental  
materials  in formulat ion A develop the low tempera-  
ture flexibility obtainable with DOP. I t  can also 
be seen that  at 29 and 34% the methyl  linoleate 
which exhibits poor compatibi l i ty as demonstrated by 
heavy exudation, produces a mater ial  whose flexibility 
changes more slowly over a wider t empera ture  range 

TABLE V 

I-teat Stabi l i ty  at  1 6 0 6  ( h r )  

% 

F o r m u l a t i o n  A 
0 
4 
9 

14 
19 
24 
29 
34 

Bu ty l  
s t ea ra t e  

Bu ty l  
oleate 

1 %  

1 %  

. c ' e a l e  

? 
a 
a 

Methyl  
l inoleate 

11A 
�88 

~A 
i 
i 
1�88 

D O P  

�88 
IA 

1 
1 
1 
1% 

F o r m u l a t i o n  B (Tota l  p las t ic izer  34 % 

0 11s 11~ 1~i  11 /2  ( 3 4 %  DO:P)  

9 ~  2�89 1% 3 ~  2 
14 ~/z 2 ~/a 13/4 41/2 21A 
19~A 21~ 1~/1  49{ 21s 
2 4 ~  21~ b 1 ~  33~ 2 ~  
29V2 4 ~  2 ~  

" Opaque.  
b 2 2 %  butyl  s tearaee.  

than the DOP control as seen by the 45 and 49 ~ 
tenIperature difference between T~ and T4 as compared 
to 30 and 29 ~ for  the DOP. 

The effect of the combination with D 0 P  (fornmla-  
tion B) shows that  in all cases addition of as little 
as 41/~% of the experimental  materials  improves the 
low tempera ture  propert ies  by lowering the flex tem- 
peratures  as much as 10 ~ The butyl  oleate at 191/.2%, 
although not highly compatible, great ly  decreases the 
low tempera ture  flexibility ( - 5 4 ~  

In  addition, as the DOP content is decreased the 
over-all flexibility decreases, as noted by the T4 tem- 
pera tures  which increase as the DOP content is de- 
creased. 

Heat Stability. The first indication of heat stabil i ty 
was observed af ter  molding (Table Ill). The colors 
of the formulat ion B sheets were all improved over 
both the formulat ion A materials  and the DOP con- 
trol. The combination of 41A% methyl  linoleate with 
DOP produced the best color, being near ly  crystal  
clear. 

The effect on heat stabil i ty at 160C of the various 
materials  is shown in Table V. Buty l  stearate, methyl  
linoleate and DOP are comparable.  Bu ty l  oleate and 
butyl ricinoleate great ly  improve heat stabil i ty com- 
pared to DOP. In  combination with DOP (formula-  
tion B) all the materials  have increased stabil i ty 
over the control, with the butyl  ricinoleate producing 
the greatest  stability. 

Light Stability. Under  severe UV exposure the 
light stability, with regard  to color change, for  all 
samples tested ( formulat ion A) including the DOP 
control improved as the plasticizer level increased. 
A t  the 4% level the experimental  mater ia ls  had 
greater  stabil i ty toward initial color change than the 
control;  all were black af ter  20 hr. 

The greatest  light stabil i ty was observed for  the 
plasticizer content of 34%. The test specimens (formu- 
lation B) containing 4I/.2% of the monoester showed 
essentially the same stabil i ty as the control;  all be- 
came tacky af ter  15 rain and all showed the same 
degree of fai lure af ter  100 hr (yellow with a large 
brown area) .  Above 41~% color change occurred 
earlier and exudation became a second factor.  
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