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Some Effects of Pressure on the Oxidation of Methyl Oleate 
HAL T. SLOVER and L. R. D U G A N  Jr., The American Meat Institu:e Foundation, 

University of Chicago, Chicago, Illinois 

The oxidation of methyl oleate under gas pressures up to 
800 p.s.i.a, has been investigated. At 120~ the samples 
oxidized under pressure built up hydroperoxides rapidly and 
exploded. There is no necessary connection between hydro- 
peroxide concentration and explosiveness. Oxidations at 100~ 
are stable, but peroxide formation is drastically reduced. The 
presence os cobalt acetate increases the instabiiity of the 
oxidizing oleate, causing it to explode even at 100~ 

I 
N THE WORK carried out in this laboratory on the 
autoxidation reaction of unsaturated fa t ty  acids 
and esters as a possible preparat ive method, vari- 

ous ways of modifying the reaction have been investi- 
gated. Means of accelerating the reaction, as well 
as of maximizing yields of hydroperoxides and sec- 
ondary  oxidation products, have been considered. 
Pressure is known to be a significant variable in this 
reaction. The li terature on the effect of superatmos- 
pheric pressures however is not extensive. Matsumoto 
and Iehiro (7) oxidized various oils under  10-20 at- 
mospheres and found that pressure increased the 
peroxide yield. Patr ick and Emerson (8) oxidized 
oleie acid, ethyl and methyl oleate at air pressures 
up to 200 p.s.i, and found that increasing pressure in- 
creased the y M d  of short-chain scission products. 
Their start ing materials however contained high per- 
ccntages of polyunsaturates,  which would strongly 
affect the course of tile autoxidation reaction. 

( Icarhart  ~l al. (2) observed that vegetable oils at 
about ]00~ exph)ded under 100 p.s.i, of 02 but not 
under 50 p.s.i., indicating a strongly pressure-depend- 
ent oxidation reaction. Therefore the possibility of 
(,arrying out autoxidations under even higher pres- 
sures was considered. A prel iminary experiment was 
carried out in which a 25-g. sample of purified methyl  
oleate was oxidized at 100~ under 1,400 p.s.i. Oe. 
After about 31/2 hours the reaction exploded. This 
paper is limited to defining some of the safety limits 
in working with pressure and at tempting to obtain 
maximum yields of hydroperoxides and acids within 
these limits. Oxidations have been carried out both 
with and without a catalyst. 

hi  autoxidation, hydroperoxides are initially 
formed, which through chain scission and fur ther  
oxidation are converted into shorter chain mono- and 
dibasic acids. Complete conversion of pure methyl 
oleate to its monohydroperoxide would result in a 
product  with a peroxide value of 6,088 meq./kg. I f  
this hydroperoxide were quantitatively split and the 
fragments oxidized to mono- and dibasic acids, with- 
out loss of CO2 or other side products, the resulting 
mixture would have an acidity of 5,548 meq. /kg.  
These figures represent optimum and doubtless un- 
attainable yields but are useful in assessing the effi- 
ciently of an oxidation procedure. 

Multivalent metal ions have a dual catalytic func- 
tion in autoxidizing unsaturated systems. They cata- 
lyze the decomposition of hydroperoxides to give free 
radicals that  can start new chains. For  example (6) : 

R 0 0 H  + Co ++--> R 0 -  + ()H- + Co ..... 
R 0 0 H  + Co +++ --+ R O 0 .  + I t  + + Co ++ 
RO" + Co ++ --) RO- + Co +++ 

The principal oxygen attack occurs at; a methylene 
group a to a double bond to give an a,fl-unsaturated 
hydroperoxide. These can decompose in a number of 
ways into fragments, such as earbonyls, which can 
be further oxidized to acids. Metal ions also play 
a role in this secondary oxidation, as shown in the 
series of reactions (I) : 

Co +++ + RCHO --> Co ++ + R(]O + H + 

RCO + 02 -+ RC 
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Procedure 
Purified methyl  oleate [io(]im~ value ( IV) ,  83.6] 

was used for all oxidations. A l ' a r r  medium-pressure 
reaction vessel was modified to allow a small sample 
to be oxidized at a closely controlled temperature  
(Figure  1). The sample size was limited to one gram, 
as a size small enough to explode with safety and 
still give enough material for testing. The samples 
of methyl oleate were weighed out into glass-stop- 
pered vials; where a catalyst was used, it was added 
in a methyl alcohol solution just beforc oxidizing. 
The sample was then dispersed on glass wool by in- 
jecting it into the  glass wool plug (Figure  1) with 
a hypodermic syringe. This gave fair ly good gas- 
liquid contact, approaching that  of a thin film. The 
glass capsule containing the glass wool was dropped 
into the pre-heated metal block, the apparatus  was 
assembled, and gas pressure was applied. Gross heat- 
ing was supplied through a bath of hydrogenated 
tallow; close temperature-control  was maintained by 
a thernloeouple-controlled resistam~e winding directly 
on the metal block. At the end of the reaction the 
glass tube was renloved from the vessel and centri- 
fuged to remove the oxidized sample from the glass 
wool. The peroxide value was determined by the 
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tained a f te r  0.5 hrs. at  this pressure.  Higher  pres- 
sures, or longer reaction-times, resulted in explosions 
at  this tempera ture .  This effect is i l lustrated in Fig- 
ure 3. At  atmospheric  pressure the shape of the 

FI(;. 1. ]~eactio~t vessel used for t)ressurc reactions. 

Wheeler  iodometrie procedure,  using a sample of 
about 0.2 g. The acidi ty was determined on about 
0.1 g. of the material ,  dissolved in neut ra l  methyl  
alcohol, by t i t ra t ing  with 0.05 N K O H  to the phenol 
red end-point.  

Results  

Figure  2 shows the magni tude  of the effect of in- 
creased pressure on the peroxide a t  120~ A pres- 
sure of 800 p.sZa.  (pounds per  square inch absolute) 
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FIG. 2. ~ffeet of pressure on the peroxide value of methyl 
oleate autoxidized for 0.5 hr. at 120~ 

02 increased the PV (peroxide value) to about  10 
times the value produced at  a tmospheric  pressure.  
A calculated yield of approx imate ly  16% was ob- 
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FIG. 3. Effect of pressure on the peroxide value of methyl 
oleate autoxidized at 120~ ,. 

t ime-PV curve is tha t  typica l  of autoxidat ion reac- 
tions. Under  pressure the induction period, if  present  
at  all, is ve ry  short. A t  800 p.s.i.a. O2 a P V  of 1,410 
(23%) was obtained af ter  3~ hr. A t  this t empera tu re  
however the reaction was unpredic table  at either pres- 
sure used, if  extended beyond ~ hr. A series of oxi- 
dations at  100~ was carried out by using a va r ie ty  
of oxygen pressures.  In  F igu re  4 the P V  curves are 
compared with tha t  at  a tmospheric  pressure.  None 
of the samples exploded. The shapes of the curves 
are somewhat s imilar ;  the pr inc ipa l  effect of increased 
pressure is tha t  of encouraging earlier peroxide de- 
composition. A comparison of the results a t  120 ~ 
and  100~ suggests tha t  different types  of react ion 
may  occur at  the two temperatures .  F igure  5 shows 
the effect of pressure in increasing the format ion  
of acids in the same samples. E igh t  hours at  800 
p.s.i.a. 02 gave a sample containing 1,350 meq. /kg.  
of t i t ra table  acid, a calculated yield of about  24%. 

The catalyt ic  effect of heavy-metal ,  mul t iva lent  
metal  salts was of interest  not only because of the 
effect in p romot ing  secondary oxidation, . ra is ing the 
acid yield, but  also because of the possibili ty of pre- 
vent ing explosions by  l imit ing t h e  level of hydro-  
peroxides present  at any  one time. Assuming that  
the explosions were caused by  a spontaneous decompo- 
sition of hydroperoxides,  a ca ta lys t  tha t  decomposes 
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Fze .  4. Effect of pressure on the peroxide value of methyl 
oleate autoxidized at 100~ 

creased with increasing pressure, up to 200 p.si.a. 
02. Above this pressure the reaction exploded. 

In the system being used both pressure and cata- 
lyst had definite limits in their capacity to increase 
peroxide yields. Acidity however could continue to 
increase so long as pressure, temperature, and cata- 
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FT~. 6. Effect of catalyst concentration on the peroxide 
value and titratable acidity of autoxidizing methyl oleate. 
Pressure, 200 p.s.i,a. O=; temperature, 100~ time, 1 hr. 

hydroperoxides would perhaps prevent the accmnula- 
tion of an explosive concentration. Using cobalt ace- 
tate as the catalyst, the explosiveness of the reaction 
was increased rather than diminished�9 At 100~ in 
the absence of catalyst, tile reaction was stable up to 
800 p.s.i.a. At the same temperature (Figure 6), 
under only 200 p.s.i.a. (),,, the presence of more than 
0�9 cobalt acetate caused the sample to explode 
in less than i hr. Below this concentration both per- 
oxide value and acidity (Figure 6) increased with 
the increasing catalyst concentration. Again, at 
100~ 1-hr. reaction time and 0.002% cobalt acetate, 
the peroxide value and the acidity (Figure 7) in- 
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~IG. 5 .  Effect of pressure on the titratable acidity of 
methyl oleate autoxidized at 100~ 

lyst were kept below the critical limits. Using air at 
a pressure of 100 p.s.i.a., 0.]% cobalt acetate, and a 
temperature of ]00~ a series of methyl oleate sam- 
ples were oxidized for increasing periods of time. 
Figure 8 shows the quite high acidities that can be 
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Fie.  7. Effect of pressure on the peroxide value and ti- 
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]"IG. 8. E f f ec t  of  ira' , teasing react ion t ime on the  t i t r a t ab l e  
ac id i ty  of  au tox id i z ing  methy l  oleate. Ca ta lys t  coneen t ra t ion ,  
0 .1% Co(OAe)~ ;  p ressure ,  100 p.s.i.u, a i r ;  t empera tu re )  100~ 

buil t  up if the rea(,tion is (~ontinued long elmugh. 
Af te r  22 hrs. about  3,400 nmq./kg, of t i t ra table  acid 
was I)resenl in the oxidized olcatc. 

Discussion 

The explosions were appa ren t ly  caused by an ac- 
celerated oxidation of the liquid phase ra ther  than 
by the reaction of gaseous by-products  with 0.2. In  
all explosions the liquid samIlle itself exploded, shat- 

ter ing the glass capsule;  in some, mild combustion 
cansed the glass woo] to melt. I n  one exper iment  the 
explosion occurred as soon as the pressure was ap- 
plied;  thus a reaction due to by-product  oxidation 
is rule(1 out unless :it occurred extremely fast. I t  is 
possible that  oxidative products,  such as hydroper-  
oxides, were built  up in the samples unti l  some crit- 
ical (~oncentration was reached, rt, sult ing in an ex- 
l)losion. :It is also possible tha t  the reaction involves 
a direct  union of O._, with the unsa tu ra ted  linkage, 
suggested by (]unstolm and ttildit(,h (5) as the ini- 
t iat ing reaction in forming hydroperoxides.  The 
nl(~tho(l of car ry ing  out the oxidation doubtless has 
a significant (,fleet (m the course of the reaction. In  
~his work the (>lea~e was essentially in the fo rm of 
a lhin film. Bulk oxi(lation, using a gas disl)crser, 
wouhl perhaps  give bet ter  yields, but  the llresent 
state of our knowh,dge does lint l>ermit the exhmsi<m 
of i)rcssure oxidation to larger bat(dies with any 
assurance tha t  they would not exph)de. 

l ' roduct  analysis, which may  throw some light on 
tim pc(;uliaritics of pressure oxidation of unsa tura ted  
esters, has not been eompleted. The pressnrc oxida- 
tim, of oleie acid is said to give a high yiehl of lac- 
tones (4).  The oxidized methyl  oleate reac, ts with 
n{mtral hydroxylamine  to fo rm hydroxamic  acids, a 
reaction characterist ic of both lactones and I)eresters 
(3).  At  the tempera tures  used sonic il~tercsterifica- 
tion may  take place to produce lacton(,s f rom hydr(>xy- 
esters, but  peresters arc equally likely. 
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Melting and Dilatometric Behavior of 2-Oleopalmitostearin and 

2-Oleodistearin 
W E R N E R  L A N D M A N N ,  2 R. O. FEUGE, and N.  V. LOVEGREN,  
Southern Regional Research Laboratory, 3 N e w  Orleans, Louisiana 

The glyecrides ,  2 -o leopMmitos tear in  a n d  2-oleodistear in,  
which a re  i m p o r t a n t  componen t s  of confec t ionery  fat,s, were 
synthes ized ,  and  the i r  me l t i ng  behavior  and  d i l a tomet r i e  prop-  
er t ies  were de te rmined .  

E a c h  g lyeer ide  was  f o u n d  to have  f o u r  m e l t i n g  po i n t s :  18.2, 
24.5, 33.0, a n d  37.4~ for  2 -o leopa lmi tos tea r in ;  22.8, 30.0, 
37.7, a n d  42.8~ for  2-oleadis tear in .  The  ra te  of  t r a n s f o r m a -  
t ion  of the  t h e r m o d y n a m l e a ] l y  uns t ab l e  po l ymorphs  a t  tem-  
p e r a t u r e s  j u s t  below the i r  m e l t i n g  po in t s  was f o u n d  to va ry  
f r o m  a few seconds  to more  t h a n  e igh t  days.  

For  each glyceride,  expans iv i t i es  were de t e rmined  for  th ree  
po lymorphs  a n d  m e l t i n g  d i la t ions  for  two po lymorphs .  Mix- 

* Presented at the 32nd Fall Meeting, American Oil. Chemists' So- 
ciety, Chicag'o, Ill. ,  October  2 0 - 2 2 ,  1958.  

2Fel low, N a t i o n a l  Confec t ioners '  Assoc ia t ion .  
One  of the  l aba r a to r i e s  of the Sou the rn  Ut i l i za t ion  R e s e a r c h  and  

D e v e l o p m e n t  Div i s ion ,  Agricult~tr~l  l~esearch Service ,  U. S. D e p a r t m e n t  
of A g r i c M t u r e .  

lu res  of  the  two glyeer ides  were examined  d i la tomet r ica l ly  a n d  
fmmd to behave in some respeets as single eomponents. The 
mix tu re s  were readi ly  t e m p e r e d  so t h a t  bo th  componen t s  were 
in the  same po]ymorphic  fo rm,  and  expans lv i t i e s  and  m e l t i n g  
d i la t ions  were ob ta ined  fo r  mix tu re s  in th ree  po lymorph ie  
forms .  

Di la tonle t r lc  d a t a  also were ob ta ined  fo r  a sample  of  cocoa 
bu t t e r  and  a sample  of sweet  milk chocolate of  the  coati1~g 
type.  

O 
N THE BASIS 0f both direct and indirect  proof  
the triglycerides, 2-oleopalmitostearin and 2- 
oleodistearin, comprise about 75% of cocoa but- 

ter. Several investigators (1,11,17) have found that 
cocoa butter contains a large proportion of oleopalmL 
tostearin, up to 57% ; and recently conclusive evidence 


