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Practical Aspects of Hydrogenation 
R. R. ALLEN, Anderson, Clayton & Co., Foods Division, Sherman, Texas 

T HE HYDROGENATION o f  fats  and oils remains the 
largest  single chemical reaction of the industry.  

The purpose of the reaction is two-fold. First ,  a 
liquid oil is converted into a semisolid or plastic fa t  
and secondly, since the unsa tura t ion  of the oil is re- 
duced, the rate  of reaction with oxygen is decreased. 

The reaction has been carried out for many  years 
with very  little change. Converters holding 10,000 
to 60,000 lb. of oils are used, heated with internal  coils 
and agi ta ted mechanically using usually a flat blade 
or turbine agitator.  The oil and catalyst  are mixed 
in the converter,  heated near  operat ing temp and 
hydrogen admit ted through a spider in the bottom of 
the vessel. The temp increases rap id ly  due to the 
exothermie reaction and nlay or nlay not be controlled 
dur ing the reaction. Excess hydrogen may be allowed 
to accumulate in the head space of the tank and may 
or may  not be purged,  depending on the type of sys- 
tem used. The reaction is followed usually by a change 
in refract ive index of the oil which (.an be related to 
the iodine value. When the desired end point is 
reached, the hydrogen flow is s topped and the eharge 
cooled, filtered to remove the catalyst  and then can be 
bleached with a snlall amount  of clay to remove the 
last traces of catalyst.  

There are three parameters  that  may be changed 
to give different characteristics to the products,  cata- 
lyst, temp and hydrogen pressure. These three param- 
eters cause changes in the rate of hydrogenation,  ratio 
of the rate  of saturat ion vs. isomerization of the double 
bonds and the selectivity, i.e., the rate of reduction of 

T A B L E  I 

Composition of Two  H y d r o g e n a t e d  Soybean Oils 

I t 

% Solids a t  50 F ...................................................... 
70 F ....................................................... 5.1 
80 F ....................................................... 2.9 
9 2 F  ....................................................... 0 

Essential f a t ty  acids,  % .  .......................................... 19.0 
T r a n s ,  % ........................................... 27.~ 
Pahni t ie ,  % ........................................... 11.7 
Stear ie ,  % ........................................... 8.1 
Oleie, % ............................................ 57.1 
Linoleie,  % ............................................ 22.1 
Linolenic,  % ............................................ 1 .O 

I I  

12.3 
3.8 
0.8 
0 

11.7 
36.1 
11.8 

5.7 
61.5 
20.1 

1.0 

I - - H y d r o g e n a t e d  at  285 F, 30 ps ig  to 92 I V .  
I I - - t I y d r o g e n a t e d  at 330 F, l 0  ps ig  to 92 1V. 

polyenes to monoenes vs. the rate of reduct ion of 
monoenes to saturated. 

With the increasing supply of soybean oil with its 
linolenie acid which presumably gives it a flavor de- 
feet, the question of selectivity has received nmeh 
attention. 

Figure I shows the analytical characteristics at the 
same IV of a soybean oil hydrogenated with the sanle 
catalyst under two different reaction conditions that 
may be used ill commercial equipment. It  is apparent 
the reaction at high temp and low pressure ( i [ )  is 
more selective, lower linoleie and lower stearie but 
has more t rans  isomers and thus a sonlewhat steeper 
solids slope. Also, the more selective reaction ( I I )  
has a snmller proport ion of the linoleie acid in the 
eis eis methylene in te r rup ted  system as shown by- the 
analysis for "Essential  F a t t y  Acids" using lipoxidase. 

The eff'eets of tile operating paralneters on selec- 
tivity and isonlerization are: in(.reased pressure de- 
creases selectivity and t rans isolners, increased tenlp 
under  low agitation, increases selectivity and isomeri- 
zation. However, under  very efficient mixing of the 
oil and hydrogen, the temp effect on selectivity is 
slight and only an increase in the reaction rate occurs. 

F rom a s tudy of the reaetion rates of hydrogenat ion 
of cottonseed oil, Wesniak and Albright  (10) con- 
eluded the mechanism was the reaction between un- 
sa turated in the liquid phase and atomically ehemi- 
sorbed hydrogen with the surface reaction controlling. 
This meehanism is consistent with other observations. 
Kokes and Emmet  (7) have shown Raney nickel cata- 
lysts hold 45-100 ee of hydrogen/g ,  catalyst  as hydro- 
hen atoms in a substi tutional solid solution. Also 
Beek (2) has shown the hydrogenat ion of ethylene 
occurs when it approaches a catalyst  fihn that  holds 
two atoms in a favorable geometric position. 

When a catalyst  is sa turated with hydrogen as in 
relatively high pressure hydrogenations,  most of the 
" a e t i v e "  sites will hold hydrogen atoms and the 
probabil i ty is large that  two atoms are in the correct 
geometrical position for reaction with any double 
bond as it approaches the eatalyst.  Conditions which 
favor  a continuous saturat ion of the catalyst  will thus 
favor low selectivity because any unsatura ted  bond 
that  approaches the two hydrogen atoms will be 
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saturated.  Also, the isonlerization is low since the rate 
of sa turat ion of a bond is high compared to the rate 
of isomerization. I f  the catalyst  is sparsely covered 
with hydrogen atoms, which obtains at low pressure, 
low t ranspor t  of hydrogen f rom the oil to the catalyst,  
a high probabi l i ty  exists for only single hydrogen 
atoms to react  with the double bond since very few 
sites have two hydrogens in the correct position to 
react with a double bond. This reaction with a single 
hydrogen atom can then lead to a half hydrogena t ion-  
dehydrogenat ion of the double bond which results in 
positional and geometric isonlerization (4). I f  lino- 
leic acid is being hydrogenated,  presumably  par t  of 
the diene system going through this hydrogena t ion-  
dehydrogenat ion reaction sequence will be conjugated 
and for some reason hydrogenate  faster  than the iso- 
lated double bonds of oleate. I t  has been shown (5) 
that  isomerization dur ing hydrogenat ion of linoleate 
results in high concentrations of monoenes with double 
bonds in the 10 and 11 positions which would result 
f rom conjugation of the 9,12 diene system, followed 
by rapid  hydrogenat ion of one bond of the conjugated 
diene. 

F rom these data and others, it is beconfing apparen t  
the selectivity of a hydrogenat ion and the format ion 
of t rans isomers are inexorably tied together under  
the present conditions of hydrogenat ion and catalysts. 
This of course means one must  make a compromise 
between selectivity and isomer format ion when setting 
conditions for hydrogenat ion to prepare  various base 
stocks. 

Catalysts 
Nickel catalysts are used almost exclusively for food 

fa t  hydrogenations.  The usual nickel catalyst  is pre- 
pared  by the reduction of a nickel salt and is usually 
suppor ted  on an inert  solid or flaked in hard  fat  or a 
combination of the two. Traces of other metals may 
be added to the nickel to prepare  special catalysts. 

The only other metal  that  has been studied to any 
great  extent is palladium. I t  was found by Zajcew 
(11) that  if pal ladium was modified by the addition 
of silver and bismuth, castor oil could be hydrogenated 
to a low IV at 100 C, 45 psig with 0.0055% Pd with 
no loss of hydroxyl .  Also, using a 2% and 5% Pd on 
carbon at a level of 0.0005% Pd, shortening base 
stocks were p repared  (12). The products  were slightly 
more selective, contained more linoleic and more 
trans,  than the equivalent stocks prepared  by  the use 
of nickel. By  repeated reuse of the catalyst  one gram 
of 5% Pd on carbon would hydrogenate  about 18 kg 
of oil to a sat isfactory product  while 1 gm of the 2% 
Pd on carbon would hydrogenate  about 11 kg. Also, 
margar ine  base stocks were p repared  that  were equiv- 
alent to those p repared  using nickel (13). By an in- 
crease in temp, lower pressure and lower rate of agi- 
tat ion over the conditions used to prepare  shortening 
bases, the necessary t rans  were produced to make a 
sat isfactory margar ine  base. 

For  the hydrogenat ion of tall oil f a t ty  acids using 
members of the p la t inum group metals pal ladimn 
was found to be the most selective and econonfical. 
Also the more dispersed the metal  was on the carr ier  
the more selective it  became (14). 

Unfor tunate ly ,  f a t t y  acid compositions of periodic 
samples dur ing the tr iglyeeride hydrogenat ions were 
not published so no selectivity measure of pal ladium 
for triene unsa tura t ion  may  be made. However,  f rom 
the t rans contents and f a t ty  acid compositions of the 
final stocks, the catalyst  is believed to be about equiv- 
alent to nickel in this respect. 

These pal ladium catalysts are somewhat remark-  
able when one considers that  6 p p m  pal ladium in oil 
is sufficient to give ra ther  rapid  hydrogenat ion rates 
compared to nickel which requires at least 200 ppm. 
This would indicate pal ladium is some th i r ty  times as 
active as nickel. This difference in act ivi ty has been 
related to the inter-atomic spacing in the lattice (3).  

Hydrogenat ion  in solvent as practiced in the labora- 
tory  has the possibility of changing the propert ies  of 
the system so that  more selective hydrogenat ion may 
result. With  the advent  of mieella refining and win- 
terization, hydrogenat ion in solvent should also be a 
possibility. The presence of solvent should decrease 
the viscosity of the liquid phase, modi fy  the solubility 
of hydrogen, while reducing the concentration of 
double bonds. Also, the presence of solvent would 
change the absorption characteristics of the reactants  
on the catalyst  surface. A patent  has been issued (9) 
which claims increased selectivity without  extensive 
isomerization. La te r  work by Albright  et al (1) indi- 
cated the presence of solvent had no effect on the 
selectivity of the reaction. The rates of hydrogenat ion 
were found to decrease in the order, non solvent, hex- 
ane, isopropyl alcohol and di isopropyl ether. Al- 
though different reaction conditions, par t icu lar ly  agi- 
tat ion and catalyst,  were used in the two studies, it 
would appear  the presence of solvent could have little 
or no effect on the relationship of selectivity and 
isomerization in view of the atomic theory of hydroge- 
nation. 

Since most na tura l  fats  are somewhat non random 
in the distr ibution of f a t t y  acids among the three 
positions of the glycerine molecule, some consideration 
has been given to the possible difference in hydroge- 
nation rates of f a t ty  acids in the different positions. 
I f  there were differences that  could be exploited, vari-  
ous non random fats such as cocoa but ter  could be 
duplicated. 

Mattson (8) by hydrogenat ion of randomly re- 
a r ranged soybean oil followed by analysis of the vari-  
ous fractions produced by lipase hydrolysis  of the 
fa ts  showed the hydrogenat ion was completely ran- 
dom. The f a t ty  acids found in the 2 position of the 
samples were the same as those in the 1 and 3 posi- 
tions. No consideration was given to the possibility 
of acyl migrat ion dur ing the hydrogenat ion which 
would tend to produce a r andom rear rangement  even 
if there was a difference in hydrogenat ion rate between 
the 1 and 2 positions. However,  Feuge (6) hydrog-  
enated olive oil and found no intermolecular  rear-  
rangement  and showed the hydrogenat ion was r andom 
among the three positions of the tr iglyeeride molecule. 

Thus it seems hydrogenat ion today is a somewhat 
uncontrollable random process with isomerization and 
selectivity tied together. If ,  as accumulat ing evidence 
indicates, hydrogenat ion using a heterogenous system 
of oil, hydrogen and catalyst  is an atomic hydrogena- 
tion, this may be explained. However, this theory 
would also indicate there is no possibility of hydrog-  
enating a food fat  to the extent of oxidative flavor 
stabil i ty and still re tain the cis configuration of all 
the remaining double bonds. 

At present, manufac ture rs  of food fats and oils can 
live with this because they must. However,  a major  
research effort on hydrogenat ion using some new ap- 
proach would be most welcome to the industry.  
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Fat Chemistry-Past, Present, Future 
H. J. HARWOOD, Durkee Famous Foods Division, The Glidden Company, Chicago, Illinois 

F AT CHEMISTRY, the chemistry of triglyceride fats 
and oils and the fa t ty  acids derived therefrom, had 

its beginning in ant iqui ty  with the preparat ion of 
soap from tallow and wood ashes. The Egypt ians  
produced alkali soaps and used lime soaps to lubricate 
chariot wheels. Fa t  technology, as the term is used 
today, had its origin in the discovery by Chevreul in 
1811 that  fats were composed of fa t ty  acids and 
glycerol. And probably the first major  contribution 
of fa t  technology to better ]iving arose through the 
substitution of solid f a t ty  acids (produced by frac- 
tional crystallization) for  tallow in the manufacture  
of candles, thus eliminating the acrid fumes which 
are produced when tallow candles are burned. The 
first synthetic surface-active agent (Turkey-red oil) 
was produced in the late 19th century by the sulfa- 
tion of castor oil and was used in textile processing 
and as an emulsifying agent. It  was the first hard- 
water-stable surfactant.  

At the turn  of the century, Twitchell discovered 
his process for  the catalytic splitt ing of fats, thus 
simplifying the manufacture  of fa t ty  acids through 
elimination of the two-step sapmfifieation-acidulation 
process. Not hmg thereafter ,  Sabatier 's  procedure 
for catalytic hydrogenation was applied commercially 
for  the hardening of liquid fats in the production of 
the so-called vegetable shortenings. This development 
had a tremendous adverse impact upon the animal-oil 
shortening industry.  The relatively low stability of 
animal fats contributed to their loss of populari ty.  

The fa t ty  chemical industry,  as we know it today, 
probably began in the 1920's with the catalytic hy- 
drogenation of f a t ty  acids or esters to produce fa t ty  
alcohols. Introduct ion of salts of f a t ty  alcohol sul- 
fates in the early 1930's marked the beginning of the 
synthetic detergent industry.  

Also in the early 1930's commercial fractional dis- 
tillation of f a t t y  acids provided a means for separat- 
ing fatt?; acids according to chain length, and the 
consumer was then able to select the specific fa t ty  
acid best suited to his application. Heretofore,  mix- 
tures of solid and liquid fa t ty  acids, such as are ob- 
tained by the old panning and pressing process, con- 
sti tuted the selections available. Solvent crystalliza- 
tion, first applied commercially in the 1940's, offers a 
substantial improvement over panning and pressing. 
Separation of solid and liquid acids is accomplished 
much more efficiently, thus making available fa t ty  
acids of relatively high puri ty .  

A second important  development occurred in the 
food-fat field in the middle 1930's with the introduc- 
tion of a shortening containing fa t ty  acid monoglye- 
erides (actually predominantly a mixture of mono- 

and diglycerides). These shortenings made it possible 
to use a much higher ratio of sugar to fat in bakery 
goods. 

The fifth decade of this century saw a number of 
significant developments ill the field of fat  and fat ty- 
arid technology. Continuous, high-temp, high-pres- 
sure splitting of fats was introduced. This process 
adds both speed and economy to the splitting process. 
Also introduced conunercially dm'ing the 1940's were 
the nitrogen-containing derivatives of the fa t ty  adds  
based upon the reaction of the acids with ammonia to 
yield amides and nitriles. The latter were hydroge- 
nated to amines which were converted to quaternary  
anlmonium salts and other derivatives. 

Two industr ial ly important  dibasic acids are pro- 
dueed from fats. Sebacie acid is manufactured  by 
the alkaline fusion of ricinoleie arid from castor oil 
and azelaie acid bv the oxidative cleavage of oleie 
acid with ozone. Tl~ese products assumed commercial 
importance during the 1950's. Also during this pe- 
riod, epoxidation of unsaturated fats was applied on 
a commercial scale. 

Having reviewed some of the highlights in the 
growth of the fa t ty  chemical industry, it is appro- 
priate to survey the areas in which fa t ty  chemicals 
find application today. These areas are very exten- 
sive; in fact, it probably is safe to state that a fa t ty  
chemical has played an important  role somewhere in 
the course of the manufacture  of most of those items 
and goods which are essential to our way of life. Items 
with which we come ill daily contact and which are 
based wholly or in part  UpOll fat-derived materials 
include soaps and synthetic detergents, cosmetics, and 
pharnlaeeutieals. Even in our food products and es- 
pecially bakery goods and prepared mixes, both 
chemically modified fats and emulsifiers produced 
from fa t ty  adds  are essential. 

Although lime soaps have been used as lubricants 
for centuries, the use of metallic soaps in this appli- 
cation has expanded trelnendously in recent years. 
Soaps not only of calcium, but also of barium, alumi- 
nuln, and lithium find specialized applications. A~so, 
an entirely different type of f a t ty  chemical, a combi- 
nation of a fa t ty  qua te rnary  ammonium compound 
with an acid clay such as bentonite, is being employed 
in certain grease fornmlations and other applications. 

Fa t ty  chemicals are widely used in petroleum tech- 
nology. Cationic surface-active agents based upon 
fa t ty  acids are employed in "down-the-hole"  opera- 
lions in secondary oil recovery. The function of the 
fa t ty  cheluical is three-foht. It  assists in the pene- 
trat ion of water into the oil-bearing sandstone; it 
serves as an anti-microbial agent which inhibitsQthe 
growth of sulfate reducers and other organisms which 


