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DEGRADATION OF FATS AND OILS BY AUTOXIDATION [
PRODUCTION AND DECOMPOSITION RATES OF PEROXIDES
DURING THE AUTOXIDATION OF OLEIC ACID

Yasuo HATATE, Koji OHMAGARI and Atsushi IKARI

Kinetic approach to the autoxidation of oleic acid was carried out as a fundamental study of the
degradation of fats and oils by autoxidation,

A special bubble column reactor was employed to satisfy the reaction control condition, where
observed rates equal to the true chemical reaction rates with no mass transfer resistance between
the gas and liquid. ( with a high rate of diffusion through the gas and liquid films, )

Temperatures ranging from 70—120 C and oxygen partial pressures from 0—1 atm were em-
ployed as operating parameters,

The production and decomposition rates of hydroperoxides (POV) under the reaction control
were measured and obtained the following results:

1) Auto-acceleration in POV production was clearly seen at the initial stage of the reaction,

2) A first-order dependency of oxygen partial pressure on POV production rate was found at
low oxygen partial pressures, but almost zero-order dependency of oxygen partial pressure at com-
paratively high oxygen partial pressures,

3) Based on the above experimental results, a theoretical development of the rate equation
was carried out to obtain the follwing equation of POV production with four kinetic parameters.

d[ROzH] o ) K][R()zl'l]l/zpoZ
ar =K IRHIPo 4 e~ K ROAH]

ki, =4.98X10°exp(—87.0X10°/RT) (mol/!)"'MPa™'s™!
K,=7.12X10°exp(—67.9%X10°/RT)  (mol/1)'/*s™"
K,=2.13X10°exp(—31.1X10°*/RT)  (mol/1)'/’s'MPa

ke=3.65X10°exp(—67.3X10°/RT) s™!
, where [RO,H] is concentration of hydroperoxides [mol/!], [RH] is concentration of oleic acid
[mol/ ] and p,, is oxygen partial pressure [MPa].

The above equation of POV production rate agrees well over the whole experimental range stu-

died.
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Fig. 1 Experimental apparatus
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Table 1 Experimental conditions for hydroperox-
ides overall production rate measurement
Temperature P, U

Run No. (X1 ) (emys)
2 343.2 (70 °C) | 2.13 x 107% (air) 0.40
3 2.13 x 10~? (air) 0.40
20 358.2 (85 °C) | 2.63 x 107 0.40
23 5.27 x 107 0.40
19 7.90 x 107? 0.40
14 1.06 x 1072 0.40
4 2.13 x 107% (air) 0.40
46 2.13 x 1072 (air) 0.80
16 6.08 x 1072 0.40
18 1.01 x 10~' (oxygen) 0.40
29 373.2 (100 °C) | 5.27 x 10~° 0.80
27 1.06 x 1072 0.80
5 2.13 x 10~ (air) 0.40
7 2.13 x 107 (air) 0.80
28 2.13 x 107? (air) 0.80
26 6.08 x 1072 0.80
25 1.01 x 10! (oxygen) 0.80
45 393.2 (120 °C) | 5.27 x 107’ 2.16
53 1.06 x 1072 2.41
6 2.13 x 107% (air) 0.40
34 2.13 x 107? (air) 0.80
a1 2.13 x 107% (air) 1.20
52 2.13 x 107 (air) 2.40
43 2.13 x 10~ (air) 3.85
51 6.08 x 1072 2.41
44 1.01 x 10°' (oxygen) 2.09

Table 2 Experimental conditions for hydroperox-
ides decomposition rate measurement

Run No. Tempe[;‘]ature Gas change mode

8 343.2 (70 °C) air z—_—_> nitrogen
9 358.2 (85 °C) air =Z——2 nitrogen
12 air (lh)zz=== nitrogen
11 air (3h) —-nitrogen
13 air (6h) —s= nitrogen
10 373.2 (100 °C) air —> nitrogen
33 393.2 (120 °C) | air (1.5h)—snitrogen

Arrow from air to nitrogen or from nitrogen to air
represents “gas change direction” following the
direction of the arrow,
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Fig. 2 Reproductivity test for hydro-peroxides
production rate at 70, 100 and 120°C
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Fig. 3 Effect of temperature on POV vs, reaction
time relation
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Fig. 7 Measurement of decomposition rate of hyd-

ro-peroxides
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[RH'Oz]:(k|"/kzo)[RH][Oz] 4)
[RH-0,-R*], [R-] R [RH-] kDWW TRTEHIRE
DIREEBL &

dlRH-0,'R*]

2~ k[RH-0,JR*]
_(kz+k3)[RH'Oz’R*]=O (5)

d[R-]

ai =2k{RO.H]— k[R-JRH]—(Other

consumption terms of R )
=2k.f[RO.H]—£{R-IRH]=0 (6)

1z 75 L, fIZBELEMOSBEIVERLIZ R O
, BEARBICEDIFEONIEEHLDT,

dRH-] _ -
—di k{R-IRH]—k[RH-]'=0 ]

RO.H O£ KU RH OKEEIZZhEh Egs. (8)
RUOITERDbIN D,

iRd%H—]: kzn[RH'Oz]+ ks[RH *0,°R*]
— k{ROH] ®
d[RH] — kRHIRH -1+ 2RO:H] d[l::icng] 9
zk,,f[ROZH]
(RJ=—"TRAT "
[RH-]= L,ZHIRO H]/? w

Eqs.(0RUUD% Egs. QRUFGIKAL, BHETh
i€, [RH-0,°R*] & LTRAN KD HN B,

[RH-0,-R*]= k-l‘:[ng];[O J[ROH] @
~& ot RHIO]
s 2kafKn | (2kaf)/*Knn
1L K= IRH] T (k{ROH) 1
Eq.®), Egs.RVTQEVKRXTRENS,
RO.H k:K{RH]O.[ROH
dl d(;z ]k ARHTO ]Lk+loc[ k][ J[ROH]
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—k{RO.H] 9
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BAB—ROFSSNSVEE2ERT L,
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—kd{RO.H] an
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FRIERBELFBELLVWEZLTHY, KPR
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22T, Hid~v)—EFH [MPa/mol fraction] T4
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25 [0.]=p.[RHI/H 19
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d[RO, H] ks o, (kswn/HYRH]po[RO.H]'/*

g (RHI'po,+
di Km+[RH]*po,/H
— kdRO,H]
K.[RO.H]'*p,,
=k3'[RH]2pm+%— k{RO.H]
[RH] +p02 (zo)

':C.—C“, K; kawm Kz HKm
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DY¥uThv, EOBMELMERERE L £ TRH] o,

Table 3 Initial production rate of hydroperoxides
at pz=0.101MPa

Temperature [°C]
85 °C 100 °c 120 °c

d [ROZH] /dt
[(mol/1)s™}

k3

8.47 x 1077 2.52 x 107° {1.26 x 10°°

8.96 x 1077 2.78 x 10-° [1.44 x 10°°
" mol) "Mpats? )
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Nomenclature

H : Henry’s constant [MPa]
K : kinetic constant
k : rate constant of elementary reaction
Po, - OXygen partial pressure [MPa]
POV : peroxide value [meq kg™']
R : gas constant [J mol~'K']
T : absolute temperature K]
U, : superficial gas velocity of bubble column

[em s7']
x : mole fraction [-]
p : density [kg 1I71]

w . kinetic constant
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