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Ultrasonic Hydrogenation of Soybean Oil 
K.J. MOULTON, SR., S. K O R I T A L A  and E.N. FRANKEL, Northern Regional Research 
Center, Agricultural Research Service, USDA, Peoria, I L 61604 

A B S T R A C T  

The rate of hydrogenation of soybean oil with either copper chro- 
mite or nickel catalysts increased more than a hundredfold with the 
aid of ultrasonication. In a continuous reaction system, the select- 
ivity with copper catalyst for linolenate reduction was somewhat 
lower when ultrasonic energy was applied than when not applied. 
With ultrasonic energy, 87% hydrogenation of linolenate in soybean 
oil was obtained in 9 sec at 115 psig H 2 with 1% copper chromite at 
181 C and 77% linolenate hydrogenation with 0.025% nickel. With- 
out ultrasonic energy, only 59% linolenate hydrogenation was ob- 
tained in 240 sec with copper chromite at 198 C and 500 psig H 2 
and 68% linolenate hydrogenation in 480 sec with nickel at 200 C 
and 115 psig H 2 . This innovation may offer an important advantage 
in increasing the activity of commercial catalysts, particularly 
copper chromite, for fats and oil hydrogenation. 

INTRODUCTION 

Interest in the application of ultrasonic energy to chemical 
reactions has increased during the past 20 years with the 
development of powerful and efficient sonic generators 
(1-3). Researchers found that acoustical cavitation pro- 
duced extreme localized heat and pressure under the proper 
conditions and enhanced a chemical reaction. However, the 
"proper conditions" generally require reactions in an aque- 
ous medium or, in some cases, in organic solvents (4-6). We 
have now found that hydrogenation of a vegetable oil can 
be achieved in a three-phase, non-aqueous system (liquid 
oil/H2 gas/solid catalyst). Unlike batch reactions in use at 
the present time that require long reaction time, the hydro- 
genation occurs continuously and rapidly in the system des- 
cribed here. 

E X P E R I M E N T A L  PROCEDURES 

One percent commercial copper chromite catalyst (Cu 
l l06P) ,  or 0.1% Nysel catalyst (25% Ni), (Harshaw Chemi- 
cal Co., Beachwood, OH), was mixed with vacuum-dried, 
refined and bleached soybean oil into a slurry. This slurry 
was pumped at 0.5 - 2.0 L/hr through a preheater, an ul- 
trasonic continuous processing cell and a tube reactor to a 
1 gallon receiver (Fig. 1). Samples (2 mL) were withdrawn 
periodically from the system downstream from the reactor 

Ultrasonic Watt Meter 

[,,o,,,  

FIG. 1. Flow diagram for slurry hydrogenation of soybean oil with 
or without the use of ultrasonic power.  

without disturbing the system equilibrium by a valve 
arrangement. Ultrasonic energy was supplied by a Branson 
Sonic Power Co. (Danbury, CT) Model J32A power supply 
capable of producing up to 550 W at 20 kHz. This high- 
frequency energy was transformed to longitudinal mechan- 
ical vibrations by the sonic convertor connecting the power 
supply to the probe. The probe was inserted in the proces- 
sing cell in contact with the flowing slurry. The tube re- 
actor was a 120 ft coil of 1/8 in. stainless steel tubing 
mounted in a 3 gallon autoclave. Nine ports, spaced nearly 
equidistant in the tube reactor, diverted the slurry flow and 
varied the reaction time. Reaction times were calculated by 
dividing the catalyst/oil slurry pump rate by the volume of 
the reaction zone, i.e., in the ultrasonic processing cell or 
in the tube reactor up to the discharge port. When required, 
the reactor was heated by steam generated within the 3 gal- 
lon autoclave. Cylinder hydrogen, 99+% pure, was admitted 
coaxially to the catalyst/oil slurry at 1 L/min just beneath 
the ultrasonic probe. System pressure was maintained by 
regulating the back pressure valve and was measured both 
upstream of the processing cell and the back pressure valve. 
Oil samples were analyzed to determine selectivity, per- 
centage trans, percentage conjugated diene and the extent 
of hydrogenation by packed and capillary column GC, as 
described previously (7). 

RESULTS A N D  DISCUSSION 

The effects of ultrasonic energy on copper chromite cata- 
lyzed hydrogenation of soybean oil are shown in Table I. In 
preliminary experiments, ultrasonic energy, applied at 
hydrogenation pressures of 200 psig and greater, did not  
significantly improve the catalyst activity. However, when 
the pressure was lowered to 115 psig, the triene in the soy- 
bean oil was selectively reduced to 1.0% within 9 sec in the 
ultrasonic cell reaction zone at 181 C. Apparently the ultra- 
sonic vibrations "stalled" at 200 psig, but the lower pres- 
sure of l l5psig produced more cavitation and thus more 
hydrogenation. Under these conditions, a lower linolenate 
selectivity of 5-7 was observed compared to 10 in a batch 
hydrogenation at similar pressured (8). At iodine value 
(IV) of 112, 1.6% conjugated diene was detected, which 
was greater than with a batch hydrogenation. As shown in 
Table I for nickel-catalyzed hydrogenation of soybean oil 
with ultrasonic energy applied at a hydrogenation pressure 
of 115 psig and 183 C, the triene was reduced in 9 sec to 
1.7% to a product with an 1V of 94. Trans isomer and per- 
centage trans per AIV values are lower than those in a 
batch hydrogenation (8). The significant increase in 
rate of hydrogenation may be due to a combination of high 
localized temperature and pressure, improved hydrogen/oil/  
catalyst contact and better hydrogen dispersion. Under the 
conditions used in this study, back mixing in the cell may 
have caused the lower triene selectivities observed. 

Using the same equipment without ultrasonic power and 
with copper chromite at 198 C and 500 psig hydrogenation 
pressure, only 4% of the triene in the soybean oil was hydro- 
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TABLE I 

Hydrogenation of soybean oil 

K.J. MOULTON, SR., S. KORITALA AND E.N. FRANKEL 

Reaction time, GC analysis (%) 
sec Temp of oil 

(flow rate, sonifier Conj. Calc a 
(L/hr) (C) Saturate Monoene Diene diene Triene IV 

IR 
analysis 
% trans 

Percent 
trans 

AIV 

Selectivity 

KLn/KLo KLo/K01 

Starting 
soybean 

oil - - 14.6 23.0 54.9 - 7.5 134 
Reaction w i t b  sonifier 

Copper chromite 

catalyst b 

9 c (1) 164 15.0 31.9 49.5 1.3 2.3 122 
9c(1) 181 15.1 41.0 41.3 1.6 1.0 112 

17 c (0.5) 171 15.1 32.2 49.0 1.4 2.3 121 

Nickel catalyst d 

9 c (1) 183 17.4 58.4 22.5 1.7 94 

Reaction w i t h o u t  sonifier 
Copper chromite 

catalyst e 

10 c (2) 198 14.4 23.5 54.9 ~ 7.2 134 
240 f (2) 198 14.4 28.2 54.3 - 3.1 126 

Nickel catalyst d 

480f (1) 200 16.0 51.3 30.3 - 2.4 103 

6.7 0.56 7 12 
14.0 O.64 5 28 

8.3 0.64 6 10 

25.7 0.64 1.4 16 

10 

18.5 0.60 1.6 20 

abased on GC analysis, 
bCatalyst: copper chromite(l%); pressure: 115 psig; H 2 flow rate: 1 L/min. 
Cproduct discharged from initial port #1: 
dCatalyst: nickel (0.025%); pressure: 115 psig; It= flow rate: 1 L/rain. 
eCatalyst: copper chromite (1%); pressure: 500 psig; H 2 flow rate: 1 L/min. 
fProduct discharged from final port #9. 

gena ted  ( to  7.2% t r iene)  a f te r  10 sec. E x t e n d i n g  the  reac- 
t ion  t ime  to 4 min  resu l ted  in a decrease of  t r iene  f rom 7.5 
to  3.1%. At  lower  pressures ,  the  e x t e n t  of  h y d r o g e n a t i o n  
would  be still less. Fo r  n icke l -ca ta lyzed  h y d r o g e n a t i o n  of  
soybean  oil at  100 psig and  200  C w i t h o u t  u l t r a son ic  power ,  
8 min  was requi red  to reduce  the  t r iene  to 2.4% and  an IV 
o f  103. Deta i led  resul ts  on  c o n t i n u o u s  slurry h y d r o g e n a t i o n  

o f  soybean  oil a t  pressures to  4 5 0 0  psig will be r epo r t ed  by  
Kor i ta la  e t  al. (9). T he  l inolea te  se lect iv i ty ,  K L o / K 0 b  was 
a b o u t  the  same,  16-20,  for  nickel  ca ta lys t  when  hyd rogen -  
a t ing  wi th  and  w i t h o u t  the  app l ica t ion  of  u l t r ason ic  energy.  

However ,  for  copper  ch romi te ,  the  l inolea te  select ivi ty 
was m u c h  grea te r  w i t h o u t  u l t r a son ic  energy  (a)  t han  wi th  
i t  (10-28) .  These  select ivi ty values are, however ,  com- 
parab le  to  those  o b t a i n e d  wi th  nickel  catalyst .  

Research is c o n t i n u i n g  to  invest igate  the  e f fec t  o f  h y d r o -  
gena t ion  cond i t i ons  and  the  a m o u n t  of  u l t rason ic  energy 
appl ied on  the  h y d r o g e n a t e d  p roduc t .  
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