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DEGRADATION OF FATS AND OILS BY AUTOXIDATION I,
PRODUCTION RATES OF PEROXIDES AND POLYMERS IN THE AUTOXIDATION OF OLEIC ACID

Yasuo HATATE, Hiroshi FURE and Atsushi IKARI

The degradation of fats and oils by autoxidation is characterized by the production of perox-
ides and polymers. In this study, the autoxidation of oleic acid - a main constituent fatty acid of
lipids - was studied as a first step of our kinetic research on the autoxidation of lipids.

It was carried out in the following experimental conditions: Reaction temperatures were 40,
100, 125, 150, and 180 C using pure oleic acid as the liquid and air as the gas feed, oxygen
volume fractions in gas feed (atmospheric pressure) were 0.0, 0.026, 0.051, 0.11, 0.21, 0.50,
and 1.0 [—] using pure oleic acid at 125 °C, and initial oleic acid volume fractions in liquid were
0.25, 0.50, and 1.0 [—] diluted with tetralin or chlorobenzene using air as gas feed at 125 C.

Production rates of peroxides and polymers were determined to obtain the following results :

(1) Peroxides are primary products of autoxidation, but unstable at high temperatures, there-
fore they accumulate with greater ease at lower temperatures, reaching a maximum value of 800
meq, kg at 40 C. At 180 C, they rarely formed.

(2) Higher production rates of peroxides were observed at higher oxygen partial pressures.

(3) It has been suggested that polymerization is initiated by radicals from the decomposition
of peroxides.

(4) In the autoxidation with air bubbling, the initial conversion rate of monomer to polymers
is described in the temperature range of 40 to 180 °C in the following equation :

ax oo 525X10°
S =0.653x10'exp 2o dl )

where X is conversion [~], tis time [s], R is gas constant (8.314 J,/mol-deg) and T is temper-
ature [K].
(5) A higher production rate of polymers but a lower polymerization degree was observed at

percent /s

higher oxygen partial pressures.
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1 Air compressor 10 Thermister

2N, or O, cylinder 11 Thermometer

3 Water header 12 Reactor

4 Silica gel 13 Jacket heater

5 Needle valve 14 Hot stirrer

6 Flow meter 15 Temp. controller
7 Silicon rubber 16 Scrubber

8 Sampling site 17 Stirring bar

9 Gas outlet

Fig. 1 Experimental apparatus
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Table 1 Experimental conditions
Temp, 0, vol, fraction Initial vol. fraction N
Run No, K] in feed gas of oleic acid Solvent
4,5 313
2, 20* 373
3, 8, 14%, 18* 398 0.21
6 423
7 453
13* 0.00 1.0 non-solvent
15* 0.026
12 0.05
11 0.11
16* 398 0.5
17* 1.0
9 0.5 Tetralin
10 0.25 Tetralin
19* 0.21 0.5 Chlorobenzene
22* 0.25 Chlorobenzene

1) % denotes that oleic acid was distillated in a vacuum before used.
2)Gas feed rate is fixed in the range of 15~45 |/h.
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Nomenclature

AV = acid value [mg/g]
CV= carbonyl value (wt %]
IV= iodine value (wt %]
POV = peroxide value [meq/kg]
P,,= partical pressure of oxygen [kPa]
R= gas constant [J/mol-deg]
T= temperature (K]
t= time [h or d]
X = monomer conversion [-]
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