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The Hydrogenation of Soybean Oil 
Experimental Investigation of Its Appli- 
cation to Lard-Substitute Production 

BY AUGUSTUS H.  GILL AND YU M. MA. 

A 
LTHOUGH there are four  

variet ies  of soybean, only 
one, the yellow, or soybean 

as it  is universally called, is used 
in the soybean mills. The mills, 
or soybean oil-pressing plants, 
rank foremost  in the manufactur ing 
industry  in Manchuria which com- 
prises the three Provinces:  Feng-  
tien, Kir in  and Heilungkiang, hav- 
ing 20 million inhabi tants  and an 
area  of 365,000 square miles. The 
output of the oil in 1923 was about 
500,000 tons. In Dairen, the center 
of soybean mills, 390 tons of oil are 
produced daily. 

Since soybean oil is between pea- 
nut and cottonseed oils in the uses 
and the qualities, and no hydrogena- 
tion plant is established in China, 
the commercial hydrogenation of 
this  oil, especially for  edible pur-  
poses, should be developed, to bet ter  
feed the 400 million Chinese, as 
well as their  neighbors of non-farm- 
ing nations. 

The oil used had the following 
character is t ics  : 

Specific gravity at 15.5". . . .  0.925 
Free fat ty acid calculated as 

oleic acid . . . . . . . . . . . . . . .  0.57% 
Iodine number . . . . . . . . . . . .  140.0 

The catalyst  is 'poisoned' by free 
fa t ty  acids and moisture in oil. The 
la t te r  is removed by drying and the 
former  with caustic soda solution. 

The oil was agi ta ted with  an 
electrical s t i r r e r  and 80 percent  of 
the theoretical  amount of caustic 
soda solution (16" Be.) were added. 
Af te r  30 minutes the oil was heated 
in a water  bath to 50 ~ until  the 
emulsion was "broken." I t  was 

then allowed to settle and was fil- 
tered through filter paper. The oil 
thus obtained was dried in the same 
cup for ten minutes at  120 ~ , being 
agi ta ted  during the operation and 
then being filtered again. I t  was 
stored for  hydrogenation. 

The hydrogenation took place in 
a bronze autoclave holding about 
600 cc., provided with a s t i r r e r  and 
0il bath for  heating. 

P repa ra t ion  of the Catalyst  

There are two dist inct  methods 
of prepar ing  the catalyst,  one being 
known as the dry process and in- 
volving nickel salts in the dry state, 
and the other being known as the 
wet process, according to which the 
catalyst  is prepared by reduction in 
oil. The la t ter  process has been 
proved simpler and more reliable. 

The catalyst  was prepared by 
gr inding nickel formate, the most 
commonly used mater ia l  in the wet 
process, in the oil, and heat ing the 
oil emulsion thus obtained in the 
autoclave, hydrogen being passed 
in to displace the a i r  in the auto- 
clave until  the reduction was com- 
plete. A f t e r  the a i r  had been com- 
pletely displaced, (usually in five 
minutes) ,  the burners were lighted 
and so regulated tha t  the tempera- 
ture was raised g radua l ly  and kept 
at  240 ~ . When the bubbles of hy- 
drogen became even and regular,  
usually a f te r  three to four  hours, 
the nickel formate was considered 
to be completely reduced. The cat- 
alyst  was now ready for  use. I t  
was newly prepared for  every hy- 
drogenation. 
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H y d r o g e n a t i o n  

The oil to be hydrogena ted  was 
poured into the  autoclave, the  a i r  
displaced as before  and the cap 
bolted on. The burners  were  l ight-  
ed and regula ted  so as to ge t  a 
definite t empera tu re ,  and the  valve 
admi t t i ng  hydrogen was regula ted  
so as to ge t  a definite p ressu re  in- 
dicatio~ on the gauge.  S t i r r i n g  
was begun and a f t e r  a definite t ime 
a sample of 20 to 60 cubic centi- 
mete rs  was w i t h d r a w n  wi th  a 
pipet te ,  and filtered t h rough  a hot 
wa t e r  funnel .  The  process f rom 
a i r -d isp lac ing  to sample-f i l ter ing 
was repeated  unt i l  several  samples 
had been taken. 

The  condit ions under  which the 
oil was hydrogena ted  and the iodine 
numbers  of the samples were  as 
follows �9 

Run 1. " T e m p e r a t u r e  170~ 
pressure  40 pounds, 100 revolut ions  
per  minute ,  0.6% catalyst.  

Elapsed Time 
Sample Minutes Iodine No. 

1 . . . . . . . . . . . .  60 106.0 
2 . . . . . . . . . . . .  120 95.7 
3 . . . . . . . . . . . .  180 87.3 
4 . . . . . . . . . . . .  240 79.0 
5 . . . . . . . . . . . .  300 75.8 
6 . . . . . . . . . . . .  340 72.0 
7 . . . . . . . . . . . .  370 66.8 

Run 2. T e m p e r a t u r e  180~ pres-  
sure  40 pounds, 100 r.p.m., 1.00% 
catalyst .  

Elapsed Time 
Sample Minutes Iodine No. 

1 . . . . . . . . . . . .  6 0  83.9 
2 . . . . . . . . . . . .  120 72.7 
3 . . . . . . . . . . . .  180 66.4 
4 . . . . . . . . . . . .  2 4 0  6 2 . 9  
5 . . . . . . . . . . . .  3 0 0  5 6 . 8  

Run 3. Tempera tu r e  170~ pres-  
sure  2 pounds, 406 r.p.m., 1.00% 
catalyst .  

Elapsed Time 
S a m p l e  M i n u t e s  Iodine No. 

1 . . . . . . . . . . . .  60 2.78 
2 . . . . . . . . . . . .  7 0  2 . 5 4  

Run 4. T e m p e r a t u r e  170~ pres-  
sure  20 pounds, 406 r.p.m., 1.00% 
catalyst .  

Elapsed Time 
Sample Minutes Iodine No. 

1 . . . . . . . . . . . .  15 18.3 
2 . . . . . . . . . . . .  20 18.0 
3 . . . . . . . . . . . .  25 17.3 

Run 5. T e m p e r a t u r e  160~ pres-  
sure  10 pounds, 400 r.p.m., 0.40% 
catalyst.  

Elapsed Time 
Sample Minutes Iodine No. 

1 . . . . . . . . . . . .  15 45.0 
2 . . . . . . . . . . . .  30 42.2 
3 . . . . . . . . . . . . .  45 37.9 

Run 6. T e m p e r a t u r e  150~ pres-  
sure  10 pounds, 400 r.p.m., 0.40% 
catalyst .  

Elapsed Time 
Sample Minutes Iodine No. 

1 . . . . . . . . . . . .  10 78.2 
2 . . . . . . . . . . . .  20 66.6 
3 . . . . . . . . . . . .  30 50.2 

Run 7. T e m p e r a t u r e  150~ pres-  
sure  10 pounds, 320 r.p.m., 0.40% 
catalyst.  

Elapsed Time 
Sample Minutes Iodine No. 

1 . . . . . . . . . . . .  30 82.1 
2 . . . . . . . . . . . .  60 56.6 
3 . . . . . . . . . . . .  90 43.9 
4 . . . . . . . . . . . .  120 40.5 

T h e  Effect  of  Pressure  
The work ing  pressure  I of hydro-  

gena t ion  of cot tonseed oil is below 
40 pounds. No  h i g h e r  pressure  
seems to be necessary  fo r  hydro-  
gena t ion  of  soybean oil. Moore 2 
has pointed out  t ha t  the  hydrogena-  
t ion ra te  of  cot tonseed oil is 
approximate ly  propor t iona l  to the 
pressure.  This  f ac t  will  hold t r u e  
fo r  soybean oil. 

1Rogers " Indust r ia l  Chemistry"  (1926) 764. 
~3our. I. and E. Chem. 9, 459 (1917). 
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Graphs showing progress of reaction in hydrogenation of soybean oil 

T h e  Effect  of t he  A m o u n t  of 
Ca ta lys t  

As  in p rac t i ca l ly  all ca ta ly t ic  
reac t ions ,  the  hyd rogena t i on  r a t e  3 
is inc reased  as the percen tage  cat-  
a ly s t  is ra ised.  The fac t  4 t ha t  no 
more  than  one percen t  of ca ta lys t  
is necessary ,  is appl icable  to the  
hyd r ogena t i on  of soybean  oil, f o r  
no more  than  one percen t  of ca ta lys t  
was used in the  expe r imen t s  and 
the  resu l t s  were s a t i s f ac to ry .  

T h e  C o m p o s i t i o n  of Fa t s  f r o m  
Runs  6 and  7 

The  fa t s  were  analyzed in o rde r  

to know how the reac t ions  prog-  
ressed in the  course of the  hydro-  
genat ion  process .  The Gusserow- 
V a r r e n t r a p p  l ead-sa l t - e the r  method 
was used here.  I t  is in p r inc ip le  
a sepa ra t ion  of  two groups  of  lead 
sa l ts  of f a t t y  acids  based on the  
difference in so lubi l i ty  of the  two 
g roups  in ethyI ether .  The de ta i led  
p rocedure  of analys is  has been 
f a i r l y  well mapped  out by Tor te l l i  
and Rugg ie r i  ~ and others.  

The composi t ion  of the  fa ts ,  to- 
ge the r  wi th  the  iodine numbers  of  
the  fa t s  and the  l iquid f a t t y  acids, 
were  as fo l lows:  

a Rogers, ibid. s Lewkowitseh Analysis Oils, Fats and Waxes. 
~Moore, ibid. I 560 (1921). 
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Iodine 
Saturated Per Cent Number 

Glycerides Olein Linolin Fat  Liquid Acids 
x y z A B 

Run 6 (1} . . . . . . . . . . . . .  28.5 53.5 18.0 78.2 114.1 
(2) . . . . . . . . . . . . .  34.2 53.7 12.1 66.6 100.0 
(3) . . . . . . . . . . . . .  43.4 54.5 2.1 50.2 92.7 

Run 7 (1) . . . . . . . . . . . . .  16.5 70.0 13.5 82.1 103.5 
(2) . . . . . . . . . . . . .  39.0 56.2 4.8 56.6 97.3 
(3) . . . . . . . . . . . . .  46.3 53.7 0.0 43.9 86.2 
(4) . . . . . . . . . . . . .  47.5 52.5 0.0 40.5 80.3 

Graphs I and II ,  plate 1, show 
the composit ion of the fa ts  du r ing  
hydrogena t ion ;  t ak ing  the composi- 
t ion  of the oil as x, ( sa tu ra ted  gly- 
cerides) 12.5% y, (olein) 33.4% 
z, ( l inol in)  54.1%. 

Both the figures show tha t  l inol in 
changed into sa tu ra ted  glycerides 
and, more  quickly, into olein. The 
l inol in  disappeared when the satu-  
ra ted  glycerides reached 45.6 per- 
cent, then  olein changed in to  satu-  
ra ted  glycerides very slowly. The 
ag i t a t ion  was h igher  in run  six 
t han  in r un  seven, so the react ion 
was quicker in the fo rmer  than  in 
the lat ter .  

T h e  Mel t ing  Po in t s  of Fats  f rom 

R u n  7 
As the hydrogenated  fa t  is to be 

used for edible purposes, its melt- 
ing point  should approximate  tha t  
of lard. I t  was determined with 
the Mulliken capil lary tube appara-  
tus  6. The mel t ing points  of the 
fats ,  together  with the correspond- 
ing iodine number s  were as follows : 
Melting points ~ 18.5 35.0 39.1 46.9 
Iodine numbers . .  82.1 56.6 43.9 40.5 

The mel t ing  points  of lard, 
"Crisco," and "Snowdr i f t "  were 
de te rmined  wi th  the same appara-  
tus.  They are 40.4 ~ 40.7 ~ , and 

42.3 ~ respectively;  40 ~ is t aken  as 
the mel t ing  point  of the commercial  
hydrogenated  soybean fat .  

Conclus ions  

(1) An increase  of t empera ture ,  
pressure,  ag i ta t ion  or amount  of 
cata lyst  will increase the hydrogen-  
a t ion rate.  

(2) In  high agi ta t ion,  at 320 
r.p.m, or above, the change of 10 ~ 
in t empera tu re  between 150 ~ to 
180 ~ produces l i t t le or no effect. 

(3) The hydrogena t ion  ra te  is 
approximate ly  proport ional  to the 
pressure,  the amount  of catalyst ,  
and one half  of the speed of agi ta-  
tion. 

(4) No more  than  one per cent 
of catalyst  is necessary. 

(5) The course of the react ions 
of hydrogena t ion  of soybean oil is 
the same as with cottonseed oil. 

(6) The commercial hydrogena-  
t ion of soybean oil can be a reali ty,  
for  i t  is easily hydrogenated.  As 
in r u n  seven the t ime for ob ta in ing  
the fa t  of 40 ~ mel t ing  point  was 
only one and one-half hours,  al- 
though the t ime  may be different  
on the commercial  scale. 

S Woodman "Food Analysis" (1915)p. 154. 

Un i t ed  Sta tes  Bureau  of Mines, 
Reno, Nev., has recent ly  finished a 
s tudy of na t ive  clays to be used as 
subs t i tu tes  for  ful lers '  ear th  in  

b l e a c h i n g  oils. The raw clays 
studied resemble sepiolite, and the 
clays r equ i r ing  acid t r ea tmen t  re- 
semble bentoni te .  


