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An Evaluation of Commercial Nickel Catalysts
During Hydrogenation of Soybean Oil
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The activities of several commercial nickel catalysts were
determined by measuring their activation energies.
Among these catalysts, GI5E, Resan 22, Nysosel 222 and
325, all with low activation energy, were more active than
DM3 and G95H, which had higher activation energy.
However, the less active catalysts increased the linoleate
selectivity of soybean oil during hydrogenation. The
yields of both trans isomers and winterized oil were higher
for the more selectively hydrogenated oil catalyzed by the
less active catalysts. In the sensory evaluation, the frac-
tionated solid fat that contained more {rans isomers was
lower in flavor scores than the fractionated liquid oil after
hydrogenation and winterization of soybean oil.
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Hydrogenation of vegetable oils is an important practice
in the modification of fats and oils. The hydrogenation
course and the composition and properties of the final
product depend on various operating factors, including
catalyst type and concentration, agitation, hydrogen
pressure and temperature. Among these factors, the most
important one is the type of catalyst (1). Currently, the
most widely used commercial catalyst for edible oil
hydrogenation is active nickel supported on an inert
substance (2,3). The other less commonly used metal
catalysts are Cu-Cr (4,5), and precious metals such as Pt
and Pd (6,7).

During oil hydrogenation, parameters of the reaction af-
fected by the operating factors include reaction rate,
linoleate selectivity, trans isomer formation and melting
point. Reaction rate relative to catalyst activity greatly
affects the cost of the whole reaction. Selectivity deter-
mines the course of the reaction. A selective hydrogena-
tion results in a soft product at a low iodine value or a
product with minimum melting point at a given iodine
value (8). The trans isomer content in a hydrogenated pro-
duct has a significant effect on its physical properties. In
this study, catalyst performance in such areas as reaction
rate, linoleate selectivity and isomerization activity was
determined for several commercial nickel catalysts. The
aim of this study was to provide the industry with infor-
mation about the properties of several commercial nickel
catalysts used in oil hydrogenation. From the given in-
formation the industry is able to choose the correct type
of catalyst for oil hydrogenation based on the desired pro-
perties of the final product.

MATERIALS AND METHODS

Materials. RBD (refined, bleached and deodorized) soy-
bean oil was purchased from a local market. The commer-
cial nickel-based catalysts used in this experiment were
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Nysel DM3 (24.8% Ni), Resan 22 (22% Ni), Nysosel 222
(22% Ni) and 325 (22% Ni) (Harshaw Chemical Co.,
Cleveland, OH); G95H (22% Ni) and G95E (22% Ni)
(Nissan Girdler Catalyst Co., Tokyo, Japan); and UP 9900
(22% Ni) (Unichema Chemie GmbH, Emmerich,
Germany).

Hydrogenation. The hydrogenation process was carried
out in a two-liter parr pressure reactor. After introduction
of 1 Kg of RBD soybean oil, the reactor was sealed and
evacuated during the heat-up cycle. The catalyst slurry
was charged into the reactor as the process conditions
became stable. When the oil/catalyst slurry reached the
desired temperature, hydrogen was introduced into the
system. This moment of hydrogen introduction was con-
sidered as the initial point of the reaction. The hydrogena-
tion progress was monitored by sampling 10-20 mL of
hydrogenated oil at different intervals and measuring the
reduction of refractive index. After hydrogenation, the oil
was bleached with 0.1-0.2% of activated clay, filtered and
deodorized accéording to the commercial process (240°C,
1 hr, at 1 torr).

Winterization. Partially hydrogenated/deodorized soy-
bean oils, which were previously heated to 60°C, were
winterized at 15°C for 90 min and then filtered (9). In the
sensory evaluation, a 20-member taste panel, trained to
identify oil flavors, evaluated oils by using a flavor inten-
sity scale ranging from 0 (strong) to 10 (bland) (10,11).
Significance of flavor scores was statistically computed
by analysis of variance.

Analysis. The following analyses were done according
to standard AOCS methods: Iodine value Cd 1-25; refrac-
tive index Cd 7-25; total isolated trans isomers Cd 14-61
(12). The composition of methyl esters of fatty acids was
measured on a gas liquid chromatograph equipped with
a30m X 0.25 mm (ID) SP2330 fused silica capillary col-
umn and with flame ionization detector. Methyl esters
were prepared by refluxing the oil with 0.2% sodium meth-
oxide and excess methanol for 1 hr. Linoleate selectivity
was determined by the program proposed by Allen (13).

RESULTS AND DISCUSSION

Activation energy of nickel-based catalysts. The overall
rate of hydrogenation for a batch run in a dead-end reac-
tor followed the first order reaction (14,15). The rate con-
stant (k) at each temperature (shown in Table 1) for each
catalyst used in the hydrogenation of soybean oil to 80-1V
was derived from In[(IV)initial/ (IV)t]=kt, where t is time
elapsed during reaction. According to the Arrhenius equa-
tion, Log k = (E,/2.303R)X(1/T) + Log A, where k is the
reaction constant; A, constant; R, gas constant; E,, ac-
tivation energy and T (°K), absolute temperature. The rate
constant in the logarithmic form at each temperature is
well correlated with each inverse absolute temperature for
each catalyst as shown in Table 2. From the linear equa-
tion between Log k and 1/°K, the values of Log A and
E,/2.303R were obtained. Furthermore, the activation
energy of each catalyst can be calculated from the value
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TABLE 1

Rate Constants at Different Temperatures for a Variety of Catalysts?

Rate constant (k)

T
(°C) DMs3 Resan 22 Nysosel 222 Nysosel 325 Unichema UP 9900 G95E G95H
150 1.2519 2.2630 2.1030 2.2583 2.0930 2.1576 1.1464
165 1.6859 2.6276 2.56948 2.8014 2.6441 2.4205 1.8094
180 2.4288 3.1603 3.0659 3.4425 3.1716 2.6857 2.7383
195 2.8603 3.4249 4.1051 4.2728 3.6779 3.4661 3.5307
@Hydrogenation conditions: 180°C, 0.03% catalyst based on Ni content, 2.5 Kgicm? H, pressure.
of E,/2.303R. For instance, for the catalyst DM3, the TABLE 2
equation y = 3.9466 — 1629.9294x (Table 2) is derived L. . )
from each rate constant and each temperature at 150, 165, Activation Energies of Different Catalysts
180 and 195°C, as shown in Table 1. The values of 3.9466 s

!

and 1629.9294 represent Log A and E,/2.303R, respec- Catalyst Equation ' B, J/mole)
tively. A§ R is 8.312?4 KJ/°K mole, the value of 31.21 pp3 y = 3.9466 — 1629.9294x  —0.9910 31.210
Kd/mole is thus obtained for E,. Among these catalysts, R 22 y = 2.2962 — 820.3777x  —0.9923 15.708
Resan 22, G95E, UP 9900, Nysosel 222 and 325, which N222 y = 2.6487 — 981.2682x —0.9989 18.789
had low activation energies, were more active than DM3 5325 y= 2-2933 - 941-82137:7))37‘ _0-989§ 18.035
and G95H. Therefore, in accordance with the relationship Gs1;59E900 § - %ggég - %8166 480;‘ :3'8%8 %g'igg
between the rate constant and the activation energy, the G95H v = 52213 — 2177.9435x  -0.9955 41.703

activity of each catalyst during reaction can be evaluated.

Comparison of linoleate selectivity. Soybean oil hydro-
genation was performed at 180°C, 2.5 Kg/em? hydrogen
pressure and different commercial nickel catalysts at
0.03% nickel-based content. As shown in Table 3, the more
active catalysts, i.e., Resan 22, G95E, UP 9900, Nysosel
222 and 325, had lower linoleate selectivity than the less
active catalysts, i.e.,, DM3 and G95H. The fatty acid com-
positions showed that soybean oil hydrogenated with
DMS3 and G95H catalysts to 80-IV had lower stearic but
higher oleic acid content. High selectivity has been de-
fined as stepwise conversion of linoleic acid to monoun-
saturated acids prior to substantial stearic acid forma-
tion (16-18), which implies that the hydrogenated product
contains a low proportion of stearate. In order to obtain
high yield of liquid oil during partial hydrogenation of soy-
bean oil, the choice of more selective catalysts, such as
DMS3 or G95H, would be considered primarily for the
preferable conversion of linolenic acid to oleic acid through
linoleic acid.

TABLE 3

@y = a — bx Where y = logk; a = logA (A is constant); b =
E /2.303R (E, = activation energy, R = gas constant =
8.3134KJ/°K mole); x = 1/°K, K = °C + 273.

Effect of catalysts on yields, trans isomers and melting
points of winterized and hydrogenated soybean oil. G95H
and DM3, when used in the hydrogenation of soybean oil,
produced higher yields, trans isomers and melting points
of hydrogenated winterized soybean oil (HWSBO) at 90-,
100- and 110-IV when compared to the other catalysts
(Table 4). Higher amounts of trans isomers were found in
the hydrogenation of soybean oil by more selective cata-
lysts, such as G95H and DM3, than by the less selective
catalysts. In addition, a higher yield of HWSBO was ob-
tained by more selective hydrogenation. To obtain more
selective oil hydrogenation, the conditions that were
employed for the process include: i) choice of more selec-
tive catalysts; ii) higher temperature; and iii) lower hydro-
gen pressures (19). In this study, we found that UP 9900,

Fatty Acid Compositions (%) and Linoleate Selectivity Ratio (SL) of 80-1V Hydrogenated Soybean Qils Prepared

by Using Different Catalysts®

Catalyst C16:0 C18:0 C18:1 C18:2 C18:3 SL

DM3 110 £ 0.3 4.7 + 0.5 72.2 + 0.2 95 *+ 0.1 0 24 + 2
R22 11.0 + 0.3 6.3 = 0.7 68.7 £ 1.0 10.7 £ 0.6 0 14*1
N222 109 = 0.2 59 *+ 0.5 69.9 + 0.9 10.56 & 04 0 16 + 1
N325 10.7 £ 04 53 + 0.3 71.0 £ 0.7 10.2 £+ 0.9 4 17+1
UP 99200 108 + 0.4 4.7+ 05 71.7 £ 0.3 9.9 + 0.2 0 17 + 2
G95E 106 = 0.8 6.4 + 0.5 66.2 = 0.7 109+ 1.6 0 11 £ 3
G95H 10.7 = 0.2 46 = 0.3 734 = 0.2 9.4 % 06 0 20 + 3

AFatty acid composition of unhydrogenated soybean oil is: C16:0 = 10.2, C18:0 = 4.0, C18:1 = 23.0, C18:2 =
54.6, C18:3 = 6.8. Hydrogenation conditions: 180°C, 0.03% catalyst based on Ni content, 2.5 Kglem? H,

pressure. Values are given as means = S.D. (n=4).
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TABLE 4

Yields, trans Isomer Contents and Melting Points of Winterized Oils
in Relation to Iodine Values of Various Hydrogenated Soybean Qils
Prepared with Different Catalysts?®

TABLE 5

trans Isomer Content in Solid Fat and qullld Oil at 90-IV
from Hydrogenations at 180°C, 2. 5Kg/cm? H, Pressure,
with Different Catalysts at 0.03% Nickel-Based Content

Catalysts IV = 90 IV = 100 IV = 110
DM3

Yield (%) 55.4 + 0.7 73.3 = 0.7 86.3 + 0.9

trans (%) 28.9 + 0.4 23.3 + 0.8 19.1 £ 0.7

M.P. 16.3 =+ 0.6 15.0 + 0.3 13.2 £ 0.1
R22

Yield (%) 52.2 + 0.7 68.2 + 0.8 83.8 = 0.5

trans (%) 27.4 = 04 18.8 = 0.4 129 £ 0.2

M.P. 153 £ 0.4 143 £ 0.3 121 £ 04
N222

Yield (%) 53.1 = 0.9 702 + 0.8 854 + 09

trans {%) 276 £ 0.3 19.3 £ 0.7 13.7 £ 0.5

M.P. 15.5 + 0.6 145 £ 0.5 12.0 £ 0.6
N325

Yield (%) 53.2 = 0.9 71.2 = 0.9 86.1 + 0.7

trans (%) 28.0 = 0.4 204 £ 1.1 144+ 1.0

M.P. 16.3 = 1.2 15.0 £ 0.3 12.2 + 0.6
UP 9800

Yield (%) 53.4 = 0.9 72.5 + 0.9 86.1 + 1.0

trans (%) 28.5 + 0.6 21.8 + 0.5 16.2 + 0.3

M.P. 16.2 = 0.3 14.8 £ 0.5 12.6 £ 0.1
G95E

Yield (%) 523 =+ 0.8 68.1 + 0.8 837t 14

trans (%) 253 + 1.0 194 £ 04 13.0 £ 0.1

M.P. 15.2 £ 0.3 14.2 + 0.2 12.0 £ 0.1
G95H

Yield (%) 573 + 1.1 75.2 + 1.0 87.3 + 0.9

trans (%) 293 £ 0.3 26.1 = 0.6 209 £ 05

M.P. 16.6 + 0.3 15.3 + 0.2 13411

@Hydrogenation conditions: 180°C, 0.03% catalyst based on Ni con-
tent, 2.5 Kg/cm? H, pressure. Values are given as means + S.D.
n=3).

N325 and 222, aside from DM3 and G95H, were also ade-
quately used in the catalysis of soybean oil hydrogena-
tion, if salad-cooking oil at iodine value of 110-115 is re-
quired. However, the selectivity of the catalyst becomes
important for good yields of HWSBO at lower iodine
values during further hydrogenation. For instance, under
similar conditions of hydrogenation, G95H and DM3
yielded 6-10% more HWSBO than R22 when hydrogena-
tion was stopped at 90-IV.

trans Isomers and sensory evaluation of solid fat and
liquid oil after winterization. Hydrogenated and deodor-
ized soybean oil (90-1V) prepared from different catalysts
was fractionated into solid fat and liquid oil. The dif-
ference in the trans isomer content between the solid fat
and liquid oil fractions is shown in Table 5. The trans
isomer contents in the fractionated solid fats were higher
than in the fractionated liquid oil (Table 5). For sensory
evaluation, a 20-member taste panel was trained to evalu-
ate hydrogenated oil flavor in fractionated solid fat and
liquid oil. The solid fat and liquid oil were prepared by mix-
ing equal portions of each solid fat or liquid oil from the
R22 catalyst. It was found that the scores were lower in
HSBO as compared with fractionated liquid oil (HWSBO),
and the scores were even lower in fractionated solid fat
than in HSBO (Table 6). In a previous study, 6-trans-
nonenal, 2-trans-trans octadienal, and higher alcohols and

JACCS, Vol. 68, no. 9 (September. 1991)

Kind of Solid fat Liquid oil
catalysts trans (%) trans (%)
DM3 33.7 28.9
R22 29.5 27.4
N222 31.0 27.6
N325 31.0 28.0
UP 9900 31.1 28.5
G95E 29.0 25.3
G95H 33.9 29.3
TABLE 6

Sensory Evaluation of 90-IV Hydrogenated Soybean 0il (HSBO)?,
Fractionated Solid Fat and Liquid Oil for 90-1V HSBO
After Winterization

0il Flavor scoresb
HSBO 4.60
Solid fat 4.25
Liquid oil 5.85

@Prepared with catalyzed R22.
bLSD = 0.30; size of taste panel was 20.

lactones had been reported to play an important role in
contributing to the hydrogenation flavor (16). As a con-
sequence, the higher trans isomer content in the frac-
tionated solid fat could have been responsible for the more
objectionable oil flavor.
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