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occurs, followed by a 2 p.s.i, or greater  drop in the 
succeeding hour. 

The Oxygen Bomb Method has been used quite 
effectively in the laboratory to develop information 
on the oxidative characteristics of a wide variety of 
products. The wide applicability of this method in 
the food indust ry  has been demonstrated by success- 
ful evaluations of products such as fish scrap, fried 
chicken, "carious types of nuts, egg solids, but ter  oil, 
fish sticks, pastry and cake premixes, and fa t ty  acids. 
A number of other materials not successfully evalu- 
ated with present techniques, possibly because of low 
fat  content or extreme stability of oxidizable corn 
ponents , are some cereal products, some animal feeds, 
coffee, and some candies. 

Summary 

The use of a dispersing agent to expand the sur- 
face area, thus providing an increase in reactivity of 
fats and oils under  the conditions of the test, has been 
investigated. This dispersion technique permi t s  the 
testing of a wider range of products, decreases the 

test time, and results in sharper  end-points. These 
improvements should serve to increase the applica- 
bility of the Oxygen Bomb Method as a tool for oxi- 
dation studies and quality control in the food indus- 
try.  A general comparison of the Oxygen Bomb 
Method with the AOM and Schaal Oven Method has 
been presented to illustrate the relationship between 
results obtained by these various methods. The dis- 
persion technique has been combined with previously 
established bomb techniques, and procedures for test- 
ing a wide var ie ty  of fats, oils and food products by 
the Oxygen Bomb Method are suggested. 
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Plasticizer Properties of Some Acrylonitrile-Eleostearate 
Adducts and Their Hydrogenated Derivatives 
LIDA L. PLACEK, R. R. MOD, FRANK C. MAGNE, and W. G. BICKFORD, Southern Regional Research 
Laboratory, 1 New Orleans, Louisiana 

I N  A N  EARLIER ( 1 )  w e  have described P U B L I C A T I O N  

the Diels-Alder reaction of the n-butyl esters of 
alpha- and beta-eleostearic acids with acrylonitrile 

and fumaronitr i le  and at the same time have reported 
the plasticizer properties of the adduets. I t  was found 
that  acrylonitri le reacts readily with the eleostearates 
and that the resulting products, although not entirely 
suitable as p r imary  plasticizers, were quite satisfac- 
tory as secondary plasticizers. In conjunction with 
dioctyl phthalate or tricresyl phosphate the acrylo- 
nitrile adducts contributed a number of desirable lea 
tures to the vinyl chloride-vinyl acetate copolymer. 

In view of these considerations it appeared of im- 
portance to ascertain whether or not the plasticizing 
qualities could be improved by nmdification of the 
aerylonitri le adduct to produce a material with suit- 
able properties as a priniary plasticizer. 

tt was observed that the presence of appreciable 
amonnts of a p~lyunsaturated or of a eomp]etely 
saturated, long-chain moiety impairs compatibility 
(2), par t icular ly  in glyceridie materials (3). Im- 
proved compatibility results frmn the reduction of 
polyunsaturation.  Saturat ion of the cyclic and exo- 
cyclic ethylenie linkages of certain adducts of the 
eleostearates also results in an enhanced compatibility 
of the material (4). Accordingly an investigation was 
undertaken to. establish optimum conditions for the 
hydrogenation of the. ethylenie bonds of the acrylo- 
nitrile adducts with minimum reduction of the nitrile 
group and to determine the plasticizing properties of 
the hydrogenated derivatives. 

: Experimental  
The procedures employed for the preparat ion of the 

esters of tung oil fa t ty  acids, acrylonitrile adducts of 

1 One of the l~boratories of the Southern Utilization Research a~d 
Development Division, Agr icu l tura l  Research Service, U. S. Depar tment  
of Agricul ture.  

the eleostearic acid esters, and selective hydrogenation 
of these adducts were essentially the same for the 
methyl, ethyl, and butyl  derivatives. A typical series 
of experiments is described in detail. 

Preparation of the Esters of Tung Oil Fatty Acids. 
Tung oil (1,200 g.) was added to a sohltion of sodium 
alcoholate, which had been prepared previously by 
dissolving metallic sodium (6.6 g.) ill the appropriate 
absolute alcohol (400 g.). This mixture was refluxed 
with frequent  shaking over a period of 2 hrs. The 
glycerol layer which separated from the reaction 
product  on cooling was removed, and the crude esters 
were washed successively with two 500-ml. portions 
of N/2  HCl and then with several 250-ml. portions 
of water until free of acid. The esters were freed 
from volatile materials by vacuum-stripping On a 
steam cone, employing a stream of carbon dioxide. 
The resulting product  was distilled through a short- 
path column at reduced pressure, yielding a main frac- 
tion which weighed approximately 875 g. The products 
obtained had the following characteristics: methyl 
esters--b.p. 152~ microns, n~ 1.4925, 73% methyl 
alpha-eleostearate, 3% methyl beta-eleostearate ;~ ethyl 
esters--b.p. 156~ microns, n.~ 1.4928, 49% ethyl 
alpha-eleostearate, 18% ethyl beta-eleostearate; butyl  
esters--b.p. 173~ microns, nf [ 1.4915, 60% bu- 
tyl alpha-eleostearate, 4% butyl  beta-eleostearate. 

The esters were stabilized with 0.05% of hydro- 
quinone and stored in a refr igerator  at 5~ unti l  
required. 

Reaction of Acrylo~dtrile with the Eleostearates. 
A mixture  of 250 g. of the appropriate  esters (ca. 
0.65 mole), 75 g. of acrylonitrile (1.40 moles), and 1 g. 
of hydroquinone was refluxed for 96 hrs. At this time 

s Eleostearates were determined by the method of Hoffman et al. (5) .  
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the ultraviolet analysis for unreacted eleostearate iu 
the reaction mixture indicated that the conversion 
was about 90% complete. The excess aerylonitrile 
was removed by vacuum-stripping on a steam cone, 
employing a stream of carbon dioxide. The adduct  
was fractionally distilled under  high vacuum, and 
the fractions which had similar boiling ranges were 
combined (ca. 125 g.) and stored under  d ry  nitrogen 
at -20~  The following adduets were prepared:  
methyl eleostearate-acrylonitrile: boiling range 166- 
170~ microns, 88% yield; ethyl eleostearate- 
acrylonitrile: boiling range 178-181~ microns, 
88% yield;  butyl  eleostearate-aery]onitrile: boiling 
range 184-188~ microns, 91% yield. Nitrogen 
analyses s reported in Table I indicated these prod- 
ucts to be of about 96% puri ty.  

A reaction of acrylonitri le with tung oil, contaiuing 
73% alpha-eleostearic acid, carried out under  the 
same conditions, was 96% complete. This product  
was not distilled. 

Hydrogenation of the Ethylenic Bonds of the 
Acrylonitrilc Addnct. Each sample, approximately 
0.1 mole of the adduct, was hydrogenated at room 
temperature in a Pa r r  hydrogenation apparatus, 
using 150 mh o,f absolute methanol as a solvent and 
3 g. of 10% palladimn on carbon as a catalyst. The 
hydrogenation was initiated at approximately 30 
lbs. pressure and was continued unti l  the rapid up- 
take of hydrogen ceased. About 30 minutes were 
required each time to hydrogenate the one cyclic and 
one exoeyclic ethylenie bonds of the adduct. During 
this time the calculated amount of hydrogen (0.2 
mole) necessary to saturate the ethylenic bonds was 
taken up. The hydrogenated product  was  filtered 
free of catalyst through a bed of Hyflo Super  Cell. 
The solvent was removed by vacuum str ipping by 
employing a stream of carbon dioxide. The results 
of the analyses of the various products before and 
after  hydrogenation are presented in Table I. 

T A B L E  I 

Compar i son  of Ce r t a in  Charac t e r i s t i c s  of the Aery loni t r i l e -Eleos teara te  
Adduc t s  Be fo re  a n d  Af te r  H y d r o g e n a t i o n  of the  E thy len ie  Bonds  

N a m e  of addue t  n 

Methyl  e leostearate-  / 
acryloni t r i le  ............................. / 1 .4850 

H y d r o g e n a t e d  methyl  eleo- 
s tear  a te-acryloni t r i le  ................ 1 ,4730 

Ethyl  eleostearate-  
aeryloni t r i le  ............................. 1 .4820 

H y d r o g e n a t e d  ethyl eleo- 
s tear  at e-aeryloni t r i le  ................ 1 .4712 

Buty l  eleostearate-  
acryloni t r i le  ............................. 1 .4810 

I t y d r o g e n a t e d  butyl-eleo- 
s tea ra te -acry lon i t r i l e  ................ 1 �9 

T u n g  oi l -aeryloni t r i le  ................... 1 �9 

% N i t r o g e n  

�9 Cale. F o u n d  

4 . 1 7  '3 .98 

4 .01 3 ,85 = 

3.85 3 .76  

3.75 3 .62 

3.61 3 .51 

3 .57  3 .45 
3 .08 3 .16  

Absorp 
tixith~s 
( a )  a t  
4.44 

mi~trons 

0,0;; 

0,0;; 

0.05 

0.05 

0.05 

0.06 

Plasticizer Screening. The acrylonitrile-eleostearate 
adduct esters and their  hydrogenated analogs were 
screened for their  plasticizing characteristics with 
polyvinyl chlo~'ide-p~tyvinyl acetate eopolymer: The 
following typical formtfiation was used: resin (Vinyl- 
ite VYDR),  63.5%; plasticizer; 35.0%; stearic aeid, 
0.5%; and basic lead carbonate, 1.0%. 

In  those instances where less than 35% plasticizer 
was tlsed, the resin content was varied in accordance 
with fhe following formula, percentage of resin = 

a Kje ldahl  method,  

( 9 8 . 5 - x ) ,  where x is the percentage of plasticizer. 
These formulations were milled and molded at 310~ 
The detailed procedures followed in these operations 
as well as the preparation of the test specimen and 
various tests used have beet'~ described previously (6). 

Discussion 

Previous work has shown that  dienophiles add 
across the trans,trans portion of the conjugated txi- 
ene system present in alpha-eleostearic acid (7, 8 ,9) .  
Acrylonitr i le  adds across the ]l-trans, 13-trans ethyl- 
enie bonds of the alpha-eIeostearates, forming two 
isomeric compounds which contain a cyano group 
either on the second or third carbon atom of the 
eyclohexene nucleus and a cis-exoeyclic ethylene bo~d 
in one side chain of the adduct. Inspection of the data 
presented in Table I reveals that  neither the nitrogen 
content nor the nitrile absorptivity (at  4.4 microns) 
of the adduets was appreciably altered during the 
course of the hydrogenation. These data  together 
with the information regarding the amount of hy- 
drogen absorbed lead to the conclusion that  the 
ethylelfic bonds of the adducts were preferent ial ly  
hydrogenated in the presence of the nitrile group. 
These hydrogenated materials would be expected to 
have improved stability owing to the absence of 
ethylenic unsaturation. 

The following equation of the Diels-Alder reaction 
between the alpha-eleostearic acid esters and acrylo- 
nitri le i l lustrates the typical  schemes of conversion 
described above as well as the structures of one of' the 
resulting isomers and its hydrogenated derivative 
(where R represents the methyl, ethyl, or butyl  
group).  

C H2:CHG---N +CH3(CH2)sCH=GH~ CH=CH- CH=CH(CH2 )7GOOR 
H 

G=C 

I- CH~(CH^)~HC 4 I GH-GH=GH(CHolTGOOR 
o o 

C--C'H 
~2 (;=--N 

H2 
Pd/C 

H~ ~ 
G - - C  

4 I CH- GH~.CH2(GH2)7 COOR GHs(CHg)3HC~3 2/ 

C-- -H 
R 2 ~EN 

The eleostearic moiety of tung oil would be modified 
by acrylonitri le in a similar manner to that presented 
for the simple esters. 

The results of the plasticizer screening tests for  the 
acvylonitrite-eleostearate adduets and the hydrogen- 
ated acry]onitrile-eleostearate adducts are given in 
Table II .  With  the exception of the methyl deriva- 
t ive,  the unhydrogenated adducts are incompatible at 
the  35% level ; the ethyl and butyl  derivatives showed 
profuse bleeding af ter  a period of 30 and seven days, 
respectively. Since the butyl  esters of alpha- and 
beta-eleostearate-acry!onitri!e adduets were.shown to 
be satisfactory as secondary p]asticizers (1), it would 
be expected that  the present adduets derived from 
mixtures o,f alpha- and beta-eleostearates would also 
be satisfactory as secondary plastieizers. 
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T A B  LE  I I  

:Plast icizing 0 h a r a c t e r i s t i c s  of the  H y d r o g e n a t e d  and  Nonh~Zdrogenated A d d u c t s  

:plasti- Tens i le  1 0 0 %  Elonga-  Br i t t l e  0ompat i -  Vola- 
P las t i c ize r  cizer s t r eng th  '~odu lus  t ion  po in t  bi l i ty a tilit~( 

( % )  (p.s . i . )  (p .s . i . )  ( % )  (~  ( d a y s )  loss ' ( % )  

Aerylonitr i le-eleosteara. te  adduc t  
Methyl  es ter  ................................................... 
E thy l  ester  ..................................................... 

Bu ty l  ester  ..................................................... 

H y d r o g e n a t e d  aeryloni t r i le-e leos teara te  adduc t  
~ e t h y l  ester  ................................................... 

E thy l  ester  ..................................................... 

Bu ty l  es ter  ..................................................... 

Tunff  oi l -acryloni t r i le  adduc t  .............................. 

0ont ro l  (DO]?)  .................................................... 

35 
30 
35 
30 
35 

30 
35 
30 
35 
35 

35 

30 
35 

2670 
3140 

c 
3230 

e 

3230 r 
3150 

c 
2840 

2950 

3279 
3030 

1190 
1540 
1210 
1820 
1308 

1760 
1190 
1550 
1290 
1350 

2520 

2180  
1600 

300 - -25  
360 - -29  
...... c - -33  
330 - -29  
...... e - -35  

330 - -15  
...... c - -25  
350 - -23  
...... c - -27  

410 - -29  

190 - -  3 

300 - -27  
370 - -33  

1 5 0 +  
< 3 0  
< 3 O  
< 7  
< 7  

1 5 0 +  
1 5 0 +  
1 5 0 +  
1 5 0 +  
1 5 0 +  

1 5 0 +  

0.20 

0.13 

0.13 
0.16 

0.04 

0.21 

a + I n d i c a t e s  no b leeding d u r i n g  t ime  specified, bAc t iva t ed  carbon m e t h o d  A.S.T.M. D 1203-52T.  ~ Beyond l imit  m e a s u r a b l e  on I P - 4  tes ter  (6 
in . )  on 1-in. s t a n d a r d  test  length.  

The hydrogenated adducts, on the other hand, ap- 
pear to be sufficiently compatible to be used as pri- 
mary plastieizers with vinyl copolymer at the 35% 
level. Hydrogenation vastly improved the compati- 
bility of these adducts without changing the other 
plasticizing characteristics appreciably. 

The stocks plasticized with the nonhydrogenated 
and hydrogenated adducts are inferior in tensile 
strength, superior in modulus, and comparable in 
ultimate elongation and brittle point. In most in- 
stances they exhibit lower volatility than the stock 
plasticized with DOP (di-2-ethylhexylphthalate). 

The outstanding characteristic of all these adducts 
is their high plasticizing efficiency, as reflected by the 
low modulus at 100% elongation. In certain instances, 
viz., the ethyl and butyl adducts and the hydrogen- 
ated methyl and ethyl adducts, it was not possible to 
determine break and elongation at the standard plasti- 
cizer concentration of 35% since the extensibillity of 
the stock exceeded the limits of the IP-4 Scott Tester. 
These two properties were therefore evaluated at a 
lower plasticizer level (30%). 

Although the tung oil-acrylonitrile adduct was not 
found to be the equivalent of DOF in certain respects, 
it does have the advantage of low volatility and is 
suitable as a primary plasticizer. 

Summary 

The addition products obtained by the Die]s-Alder 
reaction of aerylonitrile with the methyl, ethyl, and 
butyl eleostearates have been prepared in good yields 
and purified by means of high-vacuunt distillation. It  
has been possible to saturate preferentially by hydro- 
genation both the cyclic and exocyclic double bonds 

of the aerylonitrile adducts without material reduc- 
tion of the nitrile group. Also the acrylonitrile ad- 
duct of tung oil has been prepared. All these adducts 
have been intereompared with DOP and evaluated as 
primary plasticizers for vinyl chloride-vinyl acetate 
copolymer. These products, with the exception of the 
nonhydrogenated ethyl and butyl derivatives, were 
found to be satisfactory as primary plasticizers. The 
results obtained indicate that hydrogenation greatly 
improves the compatibility of the adducts without 
changing their other plasticizing characteristics ap- 
preciably. The outstanding characteristic of all the 
adducts is their high plasticizing efficiency, as reflected 
by their low modulus at 100% elongation. 
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Isolation of Two Nitrogen-Free Toxins from Tung Kernels 
R. L. HOLMES and E. T. RAYNER, U. S. Tung Oil Laboratory, 1 Bogalusa, kauisiana 

T 
UNG MEAL AND OIL are produced from the seeds 
of the trees Aleurites fordii and A. montana. The 
meal is highly toxic to animals, including man, 

and has found little use except as a nitrogenous fer- 
tilizer. I t  contains 22-25% proteins and is a poten- 
tially valuable feedstuff. T h e  program under which 

1 One of the  l abora to r ies  of the  Sou the rn  Ut i l i za t ion  R ~ a v c h  and  
Deve lopmen t  Div is ion ,  A g r i c u l t u r a l  R e s e a r c h  Service,  U,  S. Depar t -  
men t  of Agr i cu l tu re .  

this research was conducted has as its goal the up- 
grading of tung meal by detoxi fy ing it to render it 
acceptable as an animal feed. 

Mann, Hoffman,  and Ambrose (5) and Balthrop, 
Gallagher, McDonald,  and Camariotes (1) recently 
reviewed the l iterature on the toxicity of tung ker- 
nels and meal. The consensus is that there are at least 
two toxic substances in the tung kernel. One of these 


