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Most investigators seem to be of the opinion that 
the so-called copolymerization of styrene and drying 
oils proceeds by a chain reaction of the free radi- 
cal type. Rinse (13) however has postulated that the 
reaction occurs via a proton shift because the usual 
catalysts for a free radical type of reaction have little 
or no effect on the course of the reaction whereas 
certain ketonic compounds such as anthraquinone, 
which arc proton acceptors, promote the reaction. 

It  is not clear just how the peroxide functions in 
the reaction. Peterson postulated that a peroxide cat- 
alyst acts as a modifying agent, causing a reduction 
of the molecular weight of the polystyrene chains and 
thereby promoting greater compatability among the 
various molecular species. Our data lends support to 
this proposal. 

The question whether the styrene actually copoly- 
merizes with the oils and to what extent has not been 
conclusively answered. Although increasing the vis- 
cosity of the oils leads to more homogeneous products, 
this could be the result of greater mutual solubility 
as well as a result of copolymerization. Brunner and 
Tucker (2) have presented evidence based on ultra- 
violet and infrared absorption data that no interpoly- 
merization between styrene and dehydrated castor oil 
occurs but that copolymerization between styrene and 
tung oil does occur. Petit and Fournier (11) have 
shown that no true interpolymerization between sty- 
rene and linseed oil takes place, but that a small 
amount of a condensation product consisting of one 
mole of styrene per mole of linolenic acid is formed. 

Summary 
Data and properties of products obtained by poly- 

merizing styrene in the presence of drying and semi- 
drying oils have been presented. Evidence is given 
showing that conjugation in an oil or peroxide content 
are not of fundamental importance for obtaining ho- 
mogeneous products. The increasing of the viscosity 
of the oils appears to lead to the formation of sty- 
renated products of higher homogeneity. 
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Reactions of Fatty Materials With Oxygen. IX. 1 Analytical 
Study of the Autoxidation of Methyl Oleate 2 
H. B. KNIGHT, JOSEPH E. COLEMAN, and DANIEL SWERN, Eastern Regional Research 
Laboratory,: Philadelphia, Pennsylvania 

~ investigation of the reliability of conventional 
analytical procedures for the quantitative deter- 
mination of oxygen-containing functional groups 

likely to be encountered in autoxidation reactions was 
reported in an earlier paper (3), in which model com- 
pounds and mixtures of them were studied. In the 
absence of peroxide and oxirane groups, the analytical 
procedures were shown to be reliable. When peroxides 
were present, however, unusually high and non-re- 
producible values for carbonyl oxygen were obtained, 
and iodine and saponification numbers were often un- 
reliable. Large proportions of oxirane compounds in- 
terfered with hydroxyl oxygen de te rmina t ion  but  
peroxides did not interfere. The determination of acid 
number and peroxide and oxirane oxygen was reliable 
in the presence of all other functional groups investi- 
gated. Techniques were described for the accurate 
determination of functional groups when peroxide 
and oxirane groups were present. As a check on the 
reliability of the analytical methods finally employed, 

1The previous paper  in this series is reference (2) .  
~Report  of a s tudy in which certain phases were  carried on u n d e r  

the Research  and  Marke t ing  Act of 1946.  
aOne of the laboratories of the B u r e a u  of Agr icul tura l  and  Indus t r i a l  

Chemistry, Agr icul tura l  Research Administrat ion,  U. S. Depar tment  of 
Agricul ture.  

good agreement was noted between total oxygen de- 
termined by difference from carbon and hydrogen an- 
alyses and total oxygen obtained from the sum of the 
analyses for the various oxygen-containing functional 
groups. 

In the present paper we are reporting an analytical 
study of the autoxidation of methyl oleate irradiated 
with ultraviolet at 35 ~ 70 ~ and 100~ employing the 
improved analytical techniques described earlier (3). 
The effluent gases were not studied in view of the sys- 
tematic study of them by Hamilton and Olcott (1). 

Experimental 
Starting Material. The preparation of the methyl 

oleate employed has already been reported (3). 
Oxidation Procedure. The oxidation procedures 

were the same as described previously (2) except 
that, in the oxidations at 35 ~ and 100 ~ the quartz 
reaction flask was immersed in a constant tempera- 
ture bath. In the oxidation at 70 ~ heat f rom the 
ultraviolet lamps was sufficient to maintain the tem- 
perature to within _ 3% Approximately 700 g. of 
methyl oleate were oxidized. The samples removed 
for analytical study were stored in the dark at 0 ~ 
to --20 ~ until analyzed. During the oxidation the 
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T A B L E  I 

Au tox ida t ion  of :Methyl Oleate  a t  3 5 ~  :Millimoles of Oxygen I n t r o d u c e d  
P e r  100  G r a m s  of Non-Vola t i le  Autoxid ized  S u b s t r a t e  

499 

Oxida t ion  Time,  H r s .  

0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

24 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

72 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
98 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

123  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
152  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
200  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
299  ...... . . . . . . . . . . . . . . . . . . . . . . . . .  
408 . , . . , /  . . . . . . . . . . . . . . . . . . . . . . . . .  
504  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
600  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
700  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
800  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 0 0 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 2 0 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 
1 4 0 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 6 5 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 2 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 0 0 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P e r o x i d e  a 
Oxygen 

0 
2.0 
7.5 

13 .7  
23 .7  
2'9.3 
40 .0  
4 2 . 5  
51 .8  
66 .8  
69 .3  
87 .5  

1 0 3 . 7  
96 .2  

110 .6  
103 .1  
100 .0  

98 .1  
8 4 . 3  
65 .0  
69 .3  

Ca rbony l  
Oxygen 

0 
0 
0 
0 
0 
7.2 

12.8  
17,2  
12,8  

7,2 
30 ,9  
31 ,2  
4 8 , 4  
57 ,2  
64 ,3  
74 ,3  
76 ,5  
82 ,8  
95 ,9  
90 ,9  
92,2  

Hydroxy l  
Oxygen 

0 
0 
0 
0 
0 
0 
0 
0 
0 
6.8 

12.8  
20 .6  
20 .0  
21 .8  
30 .0  
41 .5  
3 9 . 0 '  
44 .0  
34 .0  
52.2  
39.7  

O x i r a n a  
Oxygen 

O 
0 
0 
0 
0 
o 
0 
0 
7.5 
8.7 

11.2 
lO.O 
16.8  
17.5  
18.1 
25 .6  
27 .5  
28 .7  
33.1  
35.0  
40 .6  

E s t e r  b 
Oxygen 

0 
1.5 
3.1 
4 .0  
6.3 
5.6 
8.7 
8.4 
6.4 
9.2 

20 .5  
21.3  
18 .0  
19.3  
22.1  
37 .6  
39 .0  
59 .5  
61.7  
63 .6  
71 .0  

Carboxyl  e 
Oxygen 

0 
0 
0 
0 
0.7 
0.2 
0.4 
1.0 
4.0 
6.1 
9.8 

13 .6  
18.5  
22 .8  
27 .6  
48 .8  
62 .7  
78 .3  
97 .3  

120 .2  
135 .1  

To ta l  Oxygen I n t r o d u c e d  

Sum of 
I n d i v i d u a l  

Oxygen 
AnalysGs 

0 
3.5 

10 .5  
17.6  
30 .7  
42 .3  
61 .9  
69.1  
82.5  

104 .8  
154 .5  
184 .2  
2 2 5 . 4  
2 3 4 . 8  
2 7 2 . 7  
330 .9  
344 .7  
2 9 1 . 4  
4 0 6 . 3  
4 2 6 . 9  
4 4 7 . 9  

Combus- 
t ion  a 

0 
- - 2 . 5  
- - 4 . 6  
10 .3  
21 .8  
30 .9  
31 .8  
47 .1  
78.1  
9 9 . 6  

134 .3  
166 .8  
169 .3  
178 .7  
2 3 6 . 8  
2 5 0 . 3  
2 9 5 . 0  
3 1 5 . 0  
386 .2  
4 1 7 . 5  
4 5 0 . 9  

a C a l c u l a t e d  b y  d i v i d i n g  the  p e r c e n t a g e  of ac t ive  oxygen by 16 and  m u l t i p l y i n g  by 1 0 0 0 .  T h e  va lue  for  p u r e  methyl  oleate hydroperox ido  is 305  
m i l l i m o l e s  of pe rox ide  oxygen p e r  100  g. 

b C a l c u l a t e d  f rom the d i f ference  be tween  the es te r  n u m b e r  a t  va r i ous  o x i d a t i o n  t i m e s  a n d  t h e  es ter  n u m b e r  of the o r i g i n a l  methyl  oleate.  
e Calc t t la ted f rom the d i f ference  be tween  the  ac id  n u m b e r  a t  v a r i o u s  o x i d a t i o n  t i m e s  a n d  the  acid  n u m b e r  of the o r i g ina l  methyl  oleate.  
a C a l e u l a t e d  f rom the  d i f ference  be tween  the  to ta l  oxygen con ten t  a t  v a r i o u s  ox ida t ion  t imes and  the  oxygen conten t  of the  o r i g ina l  methyl  oleate.  

samples became pale-yellow and did not show any 
appreciable increase in viscosity. They remained ho- 
mogeneous throughout  the oxidations. 

Analytical Methods. The methods and techniques 
have already been described (3). 

R e s u l t s  a n d  D i s c u s s i o n  

Table I shows the distr ibution among the various 
functional  groups of oxygen introduced (in milli- 
moles of oxygen per  100 g. of non-volatile autoxidized 
subst ra te) ,  in the autoxidation of methyl  oleate at  
35 ~ As a check on the rel iabil i ty of the analytical  
methods, total  oxygen introduced was also determined 
b y  difference f rom carbon and h y d r o g e n  a na ly se s  
(last column of Table I ) .  F igure  1 shows the rela- 
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tionship among the various types of oxygen-containing 
functional  groups present  in methyl  oleate autoxidized 
at  35 ~ Table I I  and Figure  2 summarize the data for  
methyl  oleate autoxidized at 70 ~ Table I I I  and Fig- 
ure 3 summarize the data for  methyl  oleate autoxi- 
dized at  100 ~ 

Peroxide oxygen was the first oxygen-containing 
group introduced which could be detected chemically 
at 35 ~ and 70 ~ Peroxide oxygen rose fa i r ly  steadily 

to a maximum of 110-120 millimoles per  100 g. of sub- 
strate in about 800 and 65 hours, respectively, before 
decreasing. At  100 ~ the maximum in peroxide oxygen 
was only 87 millimoles per  100 g. in about  12 hours 
before decreasing at  a rapid  ra te .  In  all cases the 
peroxide oxygen value levelled off, indicating an ap- 
proximate ly  equivalent format ion and destruction. At  
70 ~ and 100 ~ however the flattening of the peroxide 
oxygen curves was at  much lower peroxide levels than 
at 35 ~ 

At  all temperatures,  c a r b o n y l  oxygen  rose less 
rapidly  than did peroxide. At 35 ~ carbonyl  oxygen 
levelled off at about  90 millimoles per 100 g., a f te r  
reaching a maximum of about  96 at about  1,656 
hours. At  70 ~ and 100 ~ earbonyl  oxygen rose to 
about  74 and 64 millimoles per 100 g. a f ter  about  
144 and 24 hours, respectively, and then decreased 
slowly. Carbonyl  oxygen was not detected for  the 
first 98 hours at  35 ~ 6 hours at 70 ~ and 4 hours at 
100 ~ . 

A t  70 ~ and 100 ~ the hydroxyl  oxygen curves were 
similar to the corresponding earbonyl  oxygen curves 
both quali tat ively and quanti tat ively.  The maxima 
in hydroxyl  oxygen were 69 and 76 millimoles per 
100 g. of substrate  at 144 and 96 hours, respectively. 
I t  was noted however that  in the autoxidation at 
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T A B L E  I I  

Au tox ida t ion  of Methyl  Oleate  a t  7 0 ~  Mil l imoles  of Oxygen Introduced 
P e r  100  G r a m s  of Non-Vola t i le  Autoxid ized  S u b s t r a t e  

Oxida t ion  Time,  H r s .  

0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

24  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
43  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
72 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

96 .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
120  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
144  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
168  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
192  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
216  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
240  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 6 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P e r o x i d e  
Oxygen 

0 
16.1  
70 .5  

107 .8  
1 1 6 . 6  

98 .1  
73 .4  
53 .4  
4 8 . 9  
26 .0  
16 .3  
16 .0  
12.3  

Carbonyl  
Oxygen 

0 
3 .8  

20 .5  
43 .1  
60 .8  
71 .1  
72 .7  
73 .9  
72 .4  
63 .2  
62.1  
59.1  
56 .5  

Hydroxyl 
Oxygen 

0 
5.0 

12.9  
26 .9  
39.2  
54 .0  
64 .5  
68 .9  
65 .0  
55 .6  
53 .2  
51 .9  
49 .8  

Oxirane 
Oxygen 

0 
5.6 

14 .4  
26 .0  
40 .5  
43 .7  
45 .9  
40 .2  
33 .9  
20 .6  
19.8  
15 .6  
12.2  

E s ter  (~arboxyl 
Oxygen , Oxygen 

0 0 
- - 1 2 . 0  4 ,2  
- - 1 6 . 0  9.8 
- - 1 5 . 0  24 .7  
- - 1 7 . 0  53 .6  
- - 2 7 . 0  86 .1  
- - 3 2 . 0  117 .8  

17 .0  140 .8  
20 .0  151 .7  
2'4.0 181 .5  
54 .0  2 0 7 . 1  
41 .0  2 1 6 . 6  
20 .0  2 2 5 . 9  

Total Oxygen Introduced 

Sum of 
I n d i v i d u a l  

Oxygen 
Ana lyses  

0 
2 2 . 7  

112 .1  
2 1 3 . 5  
2 9 3 . 7  
3 2 6 . 0  
3 4 2 . 3  
394 .2  
3 9 1 . 9  
3 7 0 . 9  
4 1 2 . 5  
4 0 0 . 2  
3 7 6 . 7  

Combus- 
tion 

0 
72 .1  

123 .1  
181 .2  
2 6 0 . 0  
3 3 0 . 9  
3 5 5 . 0  
3 8 8 . 7  
4 1 1 . 2  
4 4 7 . 5  
4 6 1 . 8  
4 6 9 . 6  
47~ .2  

100 ~ the h y d r o x y l  o x y g e n  curve crossed tha t  of 
carbonyl  oxygen. At  35 ~ the max imum in hydroxyl  
oxygen v~as only 44 millimoles per  100 g. of sub- 
s t rate  (1,400 hours) .  This was surpr is ing since it 
was ant icipated that  at the lower autoxidation tem- 
pera ture  higher hydroxyl  values would be obtained 
because hydroxyl  groups would not be consumed in 
esterification reactions with carboxyl  groups or in 
etherification reactions with o x i r a n e  g roups .  Hy-  
droxyl  oxygen (non-peroxidic) was not detected for  
the first 299 hours at  35 ~ , 6 hours at  70 ~ and 4 
hours at  100 ~ 

Af te r  autoxidation for  2,000 hours at  35 ~ oxirane 
oxygen values were still increasing (41 millimoles per  
100 g.).  At  70 ~ and  100 ~ oxirane oxygen reached a 
maximum of about  46 and  44 millimoles per  100 g. 
in 120 and 24 hours, respectively, before decreasing 
slowly and levelling off at low values (about  10 milli- 
moles per  100 g.). Oxirane oxygen was not detected 
for  the first 200 hours at 35 ~ 6 hours at 70 ~ and 4 
hours at  100 ~ . 

At  all t empera tures  carboxyl oxygen climbed stead- 
ily without  levelling off. At  the end of the autoxida- 
tions the values for  carboxyl  oxygen were 135, 226, 
and 309 millimoles per  100 g. at  35 ~ 70 ~ and 100 ~ 
af ter  2;000, 264, and 168 hours, respectively. Car- 
boxyl  oxygen was not detected for  the first 72 hours 
at  35 ~ 6 hours at 70 ~ and 6 hours at  100 ~ 

At  35 ~ ester oxygen increased gradual ly  through- 
out without  levelling off a f ter  2,000 hours (71 r a i l  
limoles per  100 g.).  At  70 ~ ester oxygen reached 
a max imum of 54 millimoles per  100 g. in 216 hours 
and then decreased. At  100 ~ ester oxygen was low 

throughout  the entire oxidation, the value ho~ering 
about  0. The negative values for  ester oxygen in 
the autoxidations at 70 ~ and 100 ~ are p robab ly  a 
reflection of the more rapid  increase in molecular 
weight of the autoxidized ester than in its ester oxy- 
gen content. Since ester oxygen introduced is calcu- 
lated f rom the difference between the ester number  
at  various oxidation times and the ester number  of 
the original methyl  oleate, increase in average molec- 
ular  weight of the mater ial  being analyzed has a 
marked effect on the value obtained. 

At  35 ~ moderately  sat isfactory agreement  was ob- 
tained throughout  the autoxidation between total oxy- 
gen introduced determined f rom combustion a~alyses 
and total  oxygen introduced determined f rom the sum 
of the individual  analyses. At  70 ~ and 100 ~ however 
good agreement  was noted only for  the first 168 and 
24 hours respectively, a f ter  which the combustion val- 
ues for  oxygen introduced were higher and the spread 
between the values became progressively larger.  This 
difference in oxygen values can be accounted for  by  
assuming the format ion of ethers ei ther b y  reaction of 
hydroxyl  groups with oxirane groups, both of which 
decreased a f te r  reaching a maximum, or by  the for- 
mation of oxygen-l inked polymers  (4).  Both '  types 
of ether-forming reactions are favored by  the higher 
temperatures .  Neither type of ether oxygen would be 
detected analytically,  but  the format ion of th i s  type  
of oxygen linkage would be reflected in higher total  
oxygen values by  combustion ra ther  than  f rom the 
sum of individual  oxygen analyses. At  all three tem- 
peratures  about  2.5 to 3.0 atoms of oxygen wereiintro- 
duced per  molecule of methyl  o]eate. 

T A B L E  I I I  

Au tox ida t ion  of Methyl  Oleate  a t  1 0 0 ~  Mil l imoles  of Oxygen Introduced 
P e r  100  G r a m s  of Non-Vola t i le  Autoxidized Substrate 

Oxida t ion  Time.  H r s .  

0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6,5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
24  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

30.5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
48  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
54 .5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
72 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
78 .5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
96 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

107  . . . . . . . . . . . . . . . . . . . . . . . . . . .  : ......... 
120  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
144  .... . . . . .  ; . . . . . . . . . . . . . . . . . . . . . . . . . . .  
168 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P e r o x i d e  
Oxygen 

o 
26 .8  
54 .2  
87 .0  
58 .9  
39.7  
21 .7  
25 .1  
18.0  
12.0  

6.5 
4.3 
3.8 
1.9 
2.3 

Carbonyl  
Oxygen 

0 
8.5 

17.8  
34 .0  
64 .3  
60.1  
61.2 
61 .9  
62.2  
53 .0  
50 .6  
50 .7  
43 .2  
4 1 . 4  
43 .3  

H y d r o x y l  
Oxygen 

0 
7.7 

10 .6  
15.2  
32 .4  
54 .0  
61 .8  
68 .7  
71 .8  
75 .0  
75 .6  
73 .4  
72 .2  
62 .5  
57 .8  

Oxirane 
Oxygen 

0 
4 .0  
9.8 

23 .5  
4 4 . 0  
4 1 . 6  
31 .9  
30 .1  
25 .9  
21 .9  
13.3  

7.2 
7.2 
7.1 
7.9 

Ester Carboxyl 
Oxygen Oxygen 

0 0 
--4.1 0 
- - 9 . 0  0 .4  

- - 3 2 . 8  16.7  
- - 1 5 . 1  67 .6  
- - 2 8 . 4  81 .7  
- - 1 2 . 6  88 .3  

3 .7  112 .5  
11.3  166 .0  

- - 6 . 7  182 .5  
- - 1 3 . 1  2 1 8 . 8  

18.1  2 4 1 . 3  
- - 1 . 4  2 6 0 . 9  

- - 1 5 . 6  292 .2  
- - 2 2 . 0  3 0 8 . 9  

Total Oxygen Introdficed 
I 

Sum of 
I n d l v i d u a l  Co m~us-  

Oxygen titan 
Analyses  

o 0 
4 0 . 4  30 .3  
83.8 91 .5  

1 4 3 . 6  14  .3 
2 5 2 . 1  2 5 8 . 7  
2 4 8 . 7  282".8 
2 5 2 . 3  2 9 0 . 3  
3 0 2 . 0  3 3 5 . 9  
355 .2  39~ .5  
3 3 7 . 7  4 1 5 . 0  
3 5 1 . 7  4 6 ~ . 5  
395 .0  4 6 5 . 1  
3 8 5 . 9  49().9 
3 8 9 . 5  4 9 5 . 1  
398 .2  4 8 5 . 3  
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FIG. 3. 

The iodine number (Wijs method) of the methyl 
oleate decreased smoothly with au toxida t ion  time, 
more rapidly, of course, at the higher temperatures. 
When the oxidations were concluded, the iodine num- 
bers of the methyl o leate autoxidized at 35 ~ 70 ~ and 
100 ~ were 22, 6, and 6, respectively. Attempts to cor- 
relate oxygen introduced with double bond disappear- 
ance gave no simple or understandable relationship. 

The data presented and discussed indicate that the 
course of the autoxidation is exceedingly complex and 
that investigation of unfractionated oxidation mix- 
tures is less likely to be productive of useful infor- 
mation for mechanism elucidation or the preparation 
of useful chemicals than fractionation followed by 
investigation of the behavior of pure intermediates. 
Fractionation work is now in progress and will be 
the subject of future reports. Furthermore, to direct 

the oxidation reactions along preferred paths, highly 
selective oxidation conditions must be found. 
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S u m m a r y  

Methyl oleate, irradiated with ultraviolet, has been 
autoxidized at 35 ~ 70 ~ and 100~ for 2,000, 264, 
and 168 hours, respectively. Samples were withdrawn 
at intervals and total oxygen introduced was deter- 
mined by chemical analysis for peroxide, carbonyl, 
hydroxyl, oxirane, ester, and carboxyl oxygen. 

Total oxygen introduced was also determined by 
difference from carbon and hydrogen analyses. In 
the autoxidation at 35 ~ good agreement was obtained 
between the two methods for determining total oxy- 
gen introduced, over the entire time period studied. 
At 70 ~ and 100 ~ however good agreement was noted 
only during the early stages, after which the com- 
bustion values were higher and the spread between 
them became progressively larger. This difference is 
accounted for by formation of ethers, which could 
not be determined chemically. At all three tempera- 
tures about 2.5 to 3.0 atoms of oxygen were intro- 
duced per molecule of methyl oleate. 

Even with such a comparatively simple substrate 
as methyl oleate the autoxidation reaction is exceed- 
ingly Complex. 
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Phase Relations Pertaining to the Solvent Winterization of 
Peanut Oil in Acetone-Hexane Mixtures 
RICHARD E. BOUCHER and EVALD L. SKAU, Southern Regional Research Laboratory, ~2 
New Orleans, Louisiana 

C O M P L E T E  phase relation data on the solvent 
winterization of peanut oil in acetone (3) showed 
that commercial C.P. acetone did not show prom- 

ise as a winterization solvent for peanut oil because of 
the formation of two liquid layers in the concentra- 
tion and temperature ranges necessary for adequate 
winterization. I t  was found in the case of cottonseed 
oil (2) that separation into two liquid phases can be 
counteracted by the presence of a small proportion of 
a hydrocarbon, such as hexane, in the acetone. 

The present report gives the phase relation data 
pertinent to the solvent winterization of a refined 
peanut oil in a solvent mixture consisting of 85 parts 
by weight of acetone and 15 parts of hexane. The 

1 P r e s e n t e d  at  the 25th Fall  Meeting of the American Oil Chemists' 
Society, Chicago, Ill., Oct. 8-10, 1951. 

2One of the laboratories of the B u r e a u  of Agr icu l tura l  and  Indus tr ia l  
Chemistry, Agr icu l tura l  Research Administrat ion,  U. S. Depar tment  of 
Agricul ture.  

results show that with this solvent mixture a well- 
winterized peanut oil can be obtained without en- 
countering two-liquid-layer formation. 

Materials. A commercial refined and bleached pea- 
nut oil was used in the investigations. Its character- 
istics were : iodine value (Wijs), 94.1 ; free fat ty acids 
as oleic, 0.34%; peroxide value, 4.2 millimoles per 
kg. ; unsaponifiable matter, 0.35%; and moisture and 
volatiles, 0.04%. 

Several hydrocarbon solvents were used with the 
commercial C.P. acetone in preparing the solvent mix- 
tures. The commercial hexane and pentane used were 
Skcllysolve B and F, respectively2 The isooctane was 
"99 mole % pure ,"  and the cyclohexane was an East- 
man Kodak Company product2 

aThe mention of firms and trade  p r o d u c t s  does not imply tha t  they 
are  e n d o r s e d  or r e c o m m e n d e d  by  the  D e p a r t m e n t  of  A g r i c u l t u r e  over 
o ther  f irms or s imi lar  p r o d u c t s  not  m e n t i o n e d .  


