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T A B L E  4. 

Stabi l i ty  V a l u e s  a n d  Pro tec t i on  Fac tors  of Stabi l ized L a r d  Obta ined  by V a r i o u s  R a p i d  Stabi l i ty  Tests• 
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k n t i o x i d a n t s  added  ] 

p e r c e n t  
S team-rendered  l a rd -D (con t ro l ) .  

+ , 0 1  toe~+.04  l ee2+ .04  d-lPa.. 
+ . 0 2  NDOA ~ ........ 

S t eam- rende red  la rd-E 5 ( con t ro l ) .  
+ . 0 1  toe + . 0 4  tee + . 0 4  d- l l~ . .  
+ . 0 1  toe + . 0 4  lee + . 0 4  d-IPL. 
+ . 0 2  N D O A  ............................. 

Stabi l i ty  Pro tec t ion  fac to r s  

A . O . M .  A . O . M .  

(md i s t  ( d r y  
a ir )  a i r )  

98.5 ° 98.5 ° 

hours  hours 
2 1.8 

30 24 
37 33 

5.5 5.5 
68 53 
84 66 
64 57 

Oz-Abs. 
( d r y  ( m a c r o )  
%)  100 ° 

98.5 ° 

hours  hours 
1.5 1 

15 15 
34 22 

4 3.3 
23 23 
30 29 
45  41 

Os-Abs. 
( B - W )  
100 ° 

hours  
1.2 

14 

2.8 
19 
23 

Oven  
test  
63 ° 

days  
1.5 

16 
49 

4 
33 
44 
51 

(mois t  
a i r )  

98.5 ° 

1 
15 
19 

1 
12 
1.5 
12 

( d r y  
a i r )  

98.5 ° 

1 
13 
18 

1 
10 
12 
10 

( d r y  
o2) 

98.5 ° 

1 
10 
23 

1 
6 
8 

11 

Oz-Abs. 
( ma c r o )  

100 ° 

1 
15 
22 

1 
7 
9 

12 

O~-Abs. 
( B - W )  
1OO ° 

1 
12 

1 
7 

l 0  

O v e n  
test  
63 ° 

1 
11 
33 

1 
8 

11 
13 

x A m i x t n r e  of tocopherols  w a s  added  as a concen t r a t e  ( 3 4 %  in vege tab le  oi l ) .  
2 Commerc ia l  soya leci thin.  
a d-Isoascorbyl  pa lmitate .  
4 N o r d i h y d r o g u a i a r e t i c  acid.  
6 The  s a m e  lard as ( D )  e~xcep~ t h a t  abou'~ 1 2 %  of h a r d e n e d  l a r d  had  been a d d e d  and  then  deodorized.  
s A f t e r  the  addi t ion  of tocopherol ,  the  lard  w a s  deodor ized;  then lec i thin  a n d  d- isoascorbyl  p a l m i t a t e  w e r e  added.  
¢ The  tocopherol ,  lec i thin,  a n d  d- isoascorbyl  pa lmi ta te  w e r e  added  a f ter  the  lard was  deodorized.  

this series of tests (Table 4), the use of dry air in 
the active-oxygen method gave lower stability values 
than did the use of moist air. Differences due to 
dry air were most significant for preparations con- 
taining tocopherol, lecithin, and d-isoascorbyl palmi- 
tote. When dry oxygen was employed, the stability 
values were somewhat comparable with those ob- 
tained by the oxygen-absorption methods. In this 
series, owing to the relatively low stability of the 
control, protection factors by the different methods 
are exaggerated and may be subject to greater error. 

Summary  

A C O M P A R I S O N  was made of stability values 
and protection factors as determined by three 

widely used rapid methods--the active-oxygen, oxy- 
gen-absorption, and the oven-test methods. In most 
instances there was fair agreement between the re- 
suits by the active-oxygen and o x y g e n - a b s o r p t i o n  
methods, as indicated by protection factors. In gen- 
eral, use of dry air instead of moist air in the active- 
oxygen method resulted in little significant difference 
in the stability values although in some preparations, 
differences were found that may be signifleant. Use 
of dry oxygen in the active-oxygen method gave re- 
suits comparable with those obtained by the oxygen- 
absorption method. In  experiments in which an oven 

test was also used, the protection factors in most 
cases were in general agreement with those obtained 
by the other two methods. 

The synergistic antioxidant effect of acidic com- 
pounds with phenolic antioxidants was most pro- 
nounced when lard of low stability was used. Like- 
wise, the protection factors were disproportionately 
greater when antioxidants were added to lard of low 
stability than when added to lard of good stability. 
The results indicate that comparison of antioxidants 
by means of protection factors is valid only when the 
same substrate is used. Protection factors so obtained 
help to evaluate the order of effectiveness of various 
antioxidants but do not yield a strict quantitative 
comparison of the protective.power of the antioxi- 
dants when applied to other substrates. 
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Allyl ic  Esters  of Po lymer i c  Fat Acids  
H. M. T E E T E R  and J. C. C O W A N  

Northern Regional Research Laboratory, 1 Peoria, Illinois 

T H E  C H E M I S T R Y  of the acids obtained by 
polymerization of the polyunsaturated fat acid 
components of vegetable and cereal oils of the 

northern region has been studied extensively at this 
laboratory. Since organic compounds containing the 
allyl grouping have been widely investigated as 
sources of industrially useful polymers, it was of 
interest to study allylic esters of these polymeric fat 
acids. 

This paper reports the preparation and polymeri- 
zation of the allyl, fl-methallyl, and fl-chlorallyl esters 
of polymeric soybean fat acids and of purified dilin- 

a One of t he  l abora to r i e s  of the  :Bureau of Agr i cu l t u r a l  a n d  I n d u s t r i a l  
Chemis t ry ,  A g r i c u l t u r a l  l~esearch Admin i s t r a t i on ,  U.  S. D e p a r t m e n t  of 
Agr i c u l ture .  

oleic acid which is the principal constituent of these 
acids. Bradley and Johnston (1, 2) and Cowan (7) 
have described the preparation, properties, and com- 
position of polymeric fat  acids; and Bradley and 
Johnston (2) and Cowan and Wheeler (6) have re- 
ported the isolation of dilinoleic acid and its physical 
and chemical properties. 

Materials 

Polymeric fat acids prepared from soybean oil were 
obtained from the Procter and Gamble Company. The 
acids had the following constants: acid value, 191; 
iodine value [3 rain. Wijs (10, 11) ], 76.5 ; saponifica- 

so 1.4871. tion number (2 hours), 193; n o 
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No. 

~llyl 

T A B L E  I .  

Es t e r s  of P o l y m e r i c  Soybean Fat Acids 
(Direct  esterification with a-toluene sulfonic acid catalyst) 

1 
2.. .  
3 . . . . . . . . . . . . . . .  
4 ..... 
5 ..... 

Methallyl  
6 . . . . . . . . . . . . . . .  
7 
8. 

Chlorallyl 
9 .... 

10, . .  
11. ,  
12 ...... 
13 ........ 
14  .... 

Alcohol 
/ac id  

( equ iv . )  

"'2.5 
l 0  
10 
10 
20  

16 
2.5 

2,6  
12 

4 
5 
2.5 

10  

Catalyst 
(per-  
cen t )  

"'~'2 

4 
4 
4 
4 

5 
8 ~ 
3 
1 
2 

R e f u x  
( h o u r s )  

3 
4.0 
6,5 
8.0 
8.0 

8.0 
15 ,0  

3 ,0  

5 .0  
7.0 

10 .0  
14 .0  
20 .0  
25.04 

Product 

Acid Sap.  
v a l u e  No. 1 

( 1 7 5 . 5 )  . . . . . . .  
1 .54  
3 .80  1 7 4 . 0  
2 .22 1 7 7 . 5  
2 .38  174 .2  
2 .83  

( 1 6 8 . 0 )  . . . . . . .  
32 .0  1 1 6 . 8  

125 .0  
122 ,0  

( 1 5 8 . 0 )  . . . . . . .  
9 .86  . . . . . . . .  

27 .3  5 
31 .8  

4 .87  175 .0  
5.0 1 7 5 . 0  

23 .5  

n 80 
D 

. . . . . . . .  1 . 4 8 1 8  
1 . 4 8 3 5  
1 .4838  
1 .4810  

. . . . . . . .  1 . 4 8 2 3  

1 , 4 7 9 7  

1 . 4 8 9 0  
1 . 4 9 4 6  

. . . . . . . .  1 . 4 9 3 2  
opaque 
opaque  
1 . 4 8 9 0  

1Reflux t ime hours .  Ca lcu la t ed  value in pa ren thes i s .  
2H2S04 catalyst. 
aAzetropic distillation; benzene entrainer. 
4At 100°C.  
5Anal. c a l e ' d :  CI. 8 . 6 ;  f o u n d :  C1, 8 .75 .  

M e t h y l  d i l i n o l e a t e  (2, 6) was prepared from 
polymerized methyl esters of soybean fat  acids by  
fractionation in a molecular still. I t  had the fol- 
lowing constants: acid value, 6.98; iodine value, 75 
(3 min. Wi j s ) ;  saponification number  (2 hours),  
198 ; nD30, 1.4767. 

Allyl alcohol and f l - m e t h a l l y l  a lcohol  were ob- 
tained from the Eastman Kodak Company. They 
were dried over potassium carbonate and fraction- 
ated through a 65-cm. by  1.5-cm. cohlmn packed with 
glass helices. The boiling ranges at 760 ram. of the 
fractions retained were 94 ° to 95 ° C. and 112 ° to 
113 ° C., respectively. 

fl-Chlorallyl alcohol was obtained from the Shell 
Development Company. I t  was dried over potassium 
carbonate and fract ionated through the packed col- 
umn ; its boiling point was 131 ° to 135 ° C. at 760 ram. 

Methods of Preparation 
Direct Esterification of Polymeric ,qoybean Fat 

Acids. A mixture of the acid and the allylic alcohol 
was refluxed in the presence of p-toluene-sulfonic 
acid or sulfuric acid as a catalyst. The reaction mix- 
ture  was distilled unti l  the pot temperature  reached 
100 ° C. A current  of carbon dioxide was then intro- 
duced, and final traces of alcohol were removed in 
vacuo. I f  the allylic alcohol boiled above 100 ° C., 
its removal was conducted entirely in vacuo. The 
residue was dissolved in Skellysolve F. The solution 
was washed with water unti l  neutral  and concentrated 
by distillation of solvent; the residual solvent was 
removed in vacuo. Purification by distillation Was not 
possible because polymerization occurred. 

Transesterification of Methyl Dilinoleate. A mix- 
ture of methyl dilinoleate and the allylic alcohol was 
refluxed under  anhydrous conditions in the 'presence 
of sodium hydroxide,  sodium, zinc dilinoleate, or zinc 
oxide. The reaction mixture  was then t reated in the 
manner  described for  direct esterification. The acid 
number  of esters prepared  in this way was less than 2. 

Polymerization. Small amounts of the esters were 
catalytically polymerized in test tubes placed in a 
heated, thermostatically controlled block. St i r r ing 
was accomplished by  introducing a current  of carbon 
dioxide. Large amounts were p o l y m e r i z e d  u n d e r  
carbon dioxide in tubes equipped with stirrers and 

heated in an oil bath. The progress of polymeriza- 
tion was followed by  noting the change in refractive 
index. P o l y m e r i z a t i o n  by  heat alone was accom- 
plished by  heating the esters at 300 ° C. under  a 
pressure of 0.1 ram. 

Results and Discussion 
Esterification. The results of typical  preparations 

of the allyl, methallyl, and chlorallyl esters of poly- 
meric fa t  acids and of dilinoleic acid are summarized 
in Tables I and II.  The esters of polymeric fa t  acids 
were obtained by  direct esterification while those of 
dilinoleic acid were prepared  by  transesterification of 
methyl  dilinoleate. Since the esters could not be 
purified by  distillation, saponification numbers and 
acid values were used in estimating the extent of 
esterification. Esters with allyl alcohol were readily 
obtained by  both procedures. Saponification numbers 
were found which differed only slightly f rom the cal- 
culated value for  allyl dilinoleate, 175.5, and acid 
numbers below 4 were easily achieved. 

TABLE I I .  
Esters of Di l ino le ic  Acid 

(Transesterificatlon) 

No. 

Allyl 
] 
2 ............. :: 
3 ... . . . . . . . . . . . .  

~Iethallyl 
4 
5 
6 ............... 
7 ............... 

Chloral lyl  
8 
9 

1O ............... 

Alcohol 
/ e s t e r  

( equ iv . )  

10 
10 

'h 
5 

10 
15 

10 
10 

4 

Catalyst 
(percent) 

4 N a O H  
2 Z n D  2 
1.5 Na 

0.6 N a O I t  
1.0 Na 
1.0 Na 
1.0 Na 

2 C H a O N a  
2 Na  
0.6 Z n O +  
0.6 Z n D  ~ 

Ref lux  
( h o u r s )  

10 
10 
10 

10 
4.5 
4.5 
4 .5  

P r o d u c t  

Sap.  n m 
No.1 D 

( 1 7 5 . 5 )  
180 .6  1 .4793  
175 .4  
177 ,3  1 . 4 7 9 0  

( 1 6 8 . 0 )  
193 .5  1 .4777  
179 .5  1 ,4808  
173 .5  1 . 4 8 0 8  
181 .0  1 .4811  

( 1 5 8 , 0 )  
2 2 1 . 0  1 . 4 7 7 9  
190 .6  1 . 4 8 0 4  
170 .6  1 . 4 8 4 6  

1Reflux time, 4 hour s .  Calculated value in paren theses .  
ZZnD:  Zinc  dilinoleate. 

With B-methallyl alcohol, direct esterification with 
acid catalysts was unsat isfactory because the acid 
catalyzed the isomerization of methallyl alcohol to 
isobutyraldehyde (9, 16). In  the absence of a catalyst, 
little esterification occurred. Groll and Hearne (8) 
have reported good esterification of fl-methally] alco- 
hol with lower f a t ty  acids by  distillation of the 
alcohol with a slight excess of the acid. Ryan and 
Shaw (14) prefer red  to react the acid anhydride 
with the alcohol, stating that  little esterification 
occurs by heating acid and alcohol. The methods of 
these workers were not applicable to polymeric fat  
acids as their  success depends upon the volatility of 
the acid and the ester. 

Transesterification of methyl dilinoleate with fl- 
methallyl alcohol was almost complete. The lowest 
saponification number  found for  the resulting esters 
was 173.5 (calculated 168) as compared with a 
saponification number  of 191 for methyl dilinoleate. 

With fl-chlorallyl alcohol, direct esterification in the 
presence of p-toluene sulfonie acid or sulfuric acid 
resulted in products  having acid values varying from 
about  10 to 32. Acid values below 10 were obtained 
by  prolonged refluxing of the reaction mixture, but  
the esters were very  dark-colored and opaque. Direct 
esterification procedures have been recommended by 
Coleman and Hadler  (4, 5) and by  Taylor (17), but  
these investigators were able to pur i fy  their  chloral- 
lyl esters by  distillation or crystallization. 
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Fza. 1. Polymerization of allyl esters at  160°C. with alumi- 
num chloride catalyst. 

Transesterification of methyl  dilinoleate with fl- 
chlorallyl alcohol using a strong alkaline catalyst  was 
not sat isfactory since the alcohol (or an impur i ty )  
reacted with the catalyst  and destroyed its act ivi ty 
before transesterification was complete. For  the same 
reason saponification numbers  of the chlorallyl esters 
were found to va ry  great ly  with the concentration 
of alkali and the  durat ion of saponification, and con- 
sequently they were not ent irely acceptable as a 
measure of transesterification. The most complete 
transesterification (60% of the theoretical) was ob- 
tained with a catalyst  composed of zinc oxide and 
zinc dilinoleate which retained its act ivi ty longer than  
the more s t rongly basic sodium or sodium methoxide. 

Polymerization. The following discussion applies 
to the allyl, fl-methallyl, and the fl-chlorallyl esters, 
as no significant differences in polymeric beh av io r  
were noted among the three types. 

Benzoyl peroxide, t -butyl  peroxide, and metallic 
halides such as aluminum, stannic, and ant imony chlo- 
rides, were effective catalysts in concentrations of 2 
to 5%. Aluminum chloride was saper ior  to the other 
metallic halides as it did not cause charr ing even on 
prolonged contact. Tempera tures  in the range of 
150°-160 ° C. were required, and o p t i m u m  r e s u l t s  
were obtained b y  polymerizing at  about  160 ° C. for  
18 to 24 hours. Typical  polymerization curves are 
shown in Figures  1 and 2. Hea t  alone was effective 
only when the polymerizat ion was conducted at re- 
duced pressure. Gelation was obtained by  heat ing the 
esters for  4 hours at 300 ° C. and  0.1 ram. pressure. 

Viscous oils or soft gels were obtained by  catalytic 
polymerization while elastic, sticky gels were obtained 
b y  the action of heat at reduced pressure. Ext rac t ion  
of the oils or gels with alcohols removed unpolymer-  
ized monomers and lef t  a fusible polymeric residue 
which could be converted to a soft, t r anspa ren t  yel- 
low, infusible polymer  by  the action of heat and cata- 
lysts. The extracted monomers were capable of more 
rapid  polymerization than  the original monomers. For  
example, a sample of recovered monomer gelled af ter  

heating at 160 ° C. for  12 hours with 5% of a luminum 
chloride whereas the original monomers did not gel 
a f ter  24 hours '  heating under  the same conditions. 
This effect is p robab ly  due  to r e m o v a l  of  s m a l l  
amounts  of inhibitors because both original and ex- 
t racted monomers had the same refract ive index. 

The yield of polymeric product,  as indicated by  the 
rise in refract ive index, was greater  when larger  
amounts of catalyst  were used (Figure  1). When an 
ester had been polymerized for  a number  of hours 
with a given amount  of catalyst,  addit ion of more 
catalyst  produced a final yield of polymer  which was 
greater  than that  obtained when the total amount  of 
catalyst  was added at  one time. I n  F igure  1, Point  A, 
connected by  a dotted line with curve 2, indicates the 
final refract ive index obtained by increasing the con- 
centrat ion of catalyst  f rom 5 to 8% and continuing 
the polymerization for  an addit ional 12 hours. 

L486C 

~ o  

J 
J 

! f  ,<i//i 
J 

J 
°o3(~ -- j 

,J 2O 

o Allyl dil~nole~e 
I0 * Ally l  ester of  polymeric for aCid! 

L4BOCo " S t2 16 20 24 2S 3 Z  

TIME , h r l .  

Fz~. 2. Polymerization of allyl esters a t  160°C. with 3% 
t-butyl  peroxide catalyst. 

From these facts it is evident tha t  the esters when 
p repared  according to the methods described do not 
possess very  great  capacities for  polymerization. In  
this respect they may  be compared with esters pre- 
pared  by  Bradley  (3) and by  Muskat  (12). Bradley  
found tha t  allyl esters of fumaric ,  sebacie, phthalic, 
and similar dibasic acids are polymerized in the pres- 
ence of benzoyl peroxide to the infusible, insoluble 
state in 15 to 30 minutes  at 115 ° to 125 ° C. On the 
other hand, the allyl  and methal lyl  esters of oxalic 
acid were found by  Muskat  to polymerize in 35 to 48 
hours at 150 ° to 165 ° in the presence of 2-5% of ben- 
zoyl peroxide;  however, only viscous liquids were 
formed f rom which a fusible polymer  was isolated by  
precipi ta t ion with methanol.  Allylic esters of mono- 
basic acids polymerize slowly, as has been observed 
by  Staudinger  and F le i tmann  (15), by  Ryan  and 
Shaw (14), and by  Pollak (13). 

I t  is apparen t  tha t  the polymerization of allylic 
esters of dilinoleie acid and polymeric fa t  acids is 
similar to that of allyl  and methal lyl  oxalate. How- 
ever, a comparison of curve 1 with 3 and of 2 with 4 
in F igure  1, and of the curves in F igure  2, shows that  
the rate  of polymerizat ion of allyl dilinoleate is f rom 
1.6 to 2.7 times as rap id  as that  of the polymeric fa t  
acid ester. This difference may  be a t t r ibu ted  in pa r t  
to the presence of impuri t ies  in the polymeric fa t  
acids since they contain some monomeric acids and 
substantial  amounts  of unidentified substances in ad- 
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dition to dilinoleic and trilinoleic acids. Further- 
more, the polymeric fat acid esters had acid numbers 
ranging from 2 to 32, and the free fat ty acids would 
be expected to deactivate the catalysts used. 

The esters of dilinoleic acid, except for the fl-chlor- 
allyl ester, were relatively pure substances, as shown 
by their saponification numbers and negligible acid 
values (below 2). Nevertheless, it is probable that, 
since purification was not accomplished, their rate of 
polymerization was decreased by the presence of uni- 
dentified impurities. In their study of the polymeriza- 
tion of styrene, Thompson and Burk (18) showed that 
even as little as 0.2% of an added substance produced 
a marked inhibiting effect. 

It  is probable that substantial improvement in the 
p r o p e r t i e s  of both esters and polymers could be 
achieved if satisfactory methods of purification were 
found. Solvent extraction is being considered for this 
purpose. 

Another factor which was believed to be partly 
responsible for the failure of the esters to polymerize 
readily is that the fat acid portions of the esters also 
contain unsaturation. If it participates in the poly- 
merization, this unsaturation might interfere with 
smooth polymerization through the allyl groups. As a 
check on this, allyl ester of tetrahydrodilinoleic acid 
(5) was prepared, but it failed to show any superior- 
ity or inferiority in polymerization. 

U t i l i z a t i o n  Studies. When the fusible polymers 
isolated by extraction were converted to the infusible 
form, the products appeared too weak to be of value 
as plastics, films, etc. However, if the fusible form 
was mixed with a catalyst and a filler, such as "Kal-  
van," and molded under heat and pressure, discs that 
were quite hard and strong could be obtained. In- 
spection of broken specimens showed a laminar struc- 
ture, which caused the discs to fracture at right angles 
to the direction of the molding pressure. It is believed 
that a suitable choice of filler, catalyst, and molding 
conditions would produce a more nearly isotropic 
molded product. These factors were not investigated. 

Suggested Uses for Polymers 
The properties of these polymers suggest possible 

uses as modifiers and softening agents in the produc- 
tion of various other polymers, as tackifiers and sof- 
tening agents for elastomers, and as components of 
surface coatings for special purposes. None of these 
possibilities were investigated. 

Summary 
1. Allyl, fl-methallyl, and fl-chlorallyl esters have 

been prepared from polymeric soybean fat acids by 
direct esterification and from dilinoleic acid by trans- 
esterification of methyl dilinoleate. 

2. The method of polymerizing the esters and the 
properties of the polymers are described. 
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Spectrophotometr ic  A n a l y s i s  of A l k a l i - I s o m e r i z e d  
Synthet ic  Glycer ides  I 

A. R. BALDWIN 2 and B. F. DAUBERT 
Department of Chemistry, University of Pittsburgh 

T HE application of the spectrophotometric method 
for the quantitative determination of linoleic and 
linolenic acids in fats and oils has been suggested 

by several investigators. Burr and Miller (1) found 
Moore's (2) reaction could be made reproducible with 
oils and thus an empirical quantitative measure of lin- 
oleic and linolenic acids could be obtained. These in- 
vestigators subjected cottonseed, corn, almond, peanut, 
sunflower, castor, and olive oil to alkali isomerization 
and on the data obtained from spectral curves calcu- 
lated the linoleic content of each oil. Similar analyses 
by Bradley and Richardson (3), Mitchell, Kraybill, 
and Zscheile (4), and Barnes, Rusoff, Miller, and Burr 
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partment of Chemistry, University of Pittsburgh. 
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(5) have y ie ldeddata  to support the fact that the 
quantitative estimation of the linoleic acid and lino- 
lenic acid content of fats can be placed on a satisfac- 
tory basis by spectrophotometric methods. Mitchell, 
Kraybill, and Zscheile (4) particularly, have shown 
that the percentages of linoleic and linolenic acids in 
soybean  and  l in seed  oils, calculated from spectral 
curves of the isomerized oils, were in good agreement 
with the percentages as obtained by the Kaufmann 
method on the mixed acids. This agreement between 
spectrophotometric and the Kaufmann methods is 
obtained only if empirical thiocyanogen values are 
used. Mitchell, et al. (4) have indicated that the 
amounts of linoleic, linolenic, oleic, and saturated 
acids may be determined in an oil simply and accu- 
rately when the iodine value of the oil is known, par- 


