
A New Solvent Extraction Process for Soybean Oil 
O. R. SWEENEY and L. K. ARNOLD, Iowa Engineering Experiment Station, 
Iowa State College, Ames, Iowa 

E F F I C I E N C Y ,  safety, simplicity, and low cost of 
operation were goals in the development at Iowa 
State College of a new soybean oil extraction 

process designed specifically for  small scale opera- 
tions. When the work originated about 10 years ago, 
small plants were visualized as very  desirable as par t  
of the program to decentralize indust ry  and to br ing 
it to the rural  middle west. Soybean oil meal, the main 
product  of soybean processing from a tonnage stand- 
point, is a desirable item for  the livestock feeder. I t  
was believed that  small plants strategically located 
could best serve agriculture since they would sim- 
pl i fy  and reduce costs of moving beans into the plants 
and meal back to the farms. I t  was believed that  
any lowering of processing costs which might accrue 
to the large pla~ts because of their  size would be 
offset by the lower f reight  costs on the beans and 
meal and by lower labor costs prevalent  in smaller 
communities. 

High efficiency in oil removal f rom soybeans may 
be attained by  continuous solvent extraction meth- 
ods. While " h e x a n e "  has been used mainly for  sol- 
vent extraction of oil seeds for many years, several 
considerations indicated the desirability of non-flam- 
mable solvents. Safety  construction and equipment 
for  use with flammable solvents are expensive. Safety 
men in a small plant  add heavily to overhead. In- 
s u r a n c e - f i r e ,  explosion, and l i ab i l i ty - - i s  more ex- 
pensive when flammable s o l v e n t s  are used. Labor  
for  operation with flammable solvents should be more 
highly skilled and therefore more expensive. Plants  
using hazardous materials are limited in their  loca- 
tion in respect to other occupancies. 

The Solvent  
Of the non-flammable solvents the c h l o r i n a t e d  

hydrocarbons appeared to offer the most promise. 
The characteristics of these were carefully studied, 
resulting in the adoption of trichloroethylene. Tri- 
chloroethylene offered certain advantages. I t  met the 
requirement of non-flammability, not forming flam- 
mable mixtures with air at ordinary temperatures  
and pressures. I t  was an excellent solvent for  soy- 
bean oil. I t  was readily available, being produced in 
quant i ty  for  degreasing of metal parts. When prop- 
erly inhibited, it was practically non-corrosive and 
could be used with ordinary construction materials. 
F rom the standpoint of removal f rom the oil and meal 
as well as recovery the characteristics of trichloroeth- 
ylene were attractive. The boiling point of 86.7~ 
(188.1~ was low enough without introducing prob- 
lems of excessive volatility. Being a single chemical 
ra ther  than a mixture, there were no heavy ends to 
be removed from either oil or meal. A heat of va- 
porization of 103.1 B. t .u .  per pound indicated low 
steam and cooling water costs. A solubility of 0.11 
parts  per 100 in water insured low losses in solvent- 

20~ 
water  separation. A specific gravi ty  of 1.464 at 

4 
indicated ready separat ion from water  with the water  
as the upper  layer. 

One disadvantage of trichloroethylene was the high 
cost. The initial cost of the solvent represents a capi- 

tal investment but, unless excessive, has little effect 
on process costs. The cost of solvent lost per  unit  of 
beans processed however is a definite par t  of the proc- 
essing cost, and it was early recognized that  low sol- 
vent loss was one of the necessary goals in the new 
process. Any  cost of solvent above that  for  a cheaper 
solvent would have to be balanced a g a i n s t s u c h  ad- 
vantages as lower building and equipment cost, lower 
labor costs, and lower insurance. 

A disadvantage more apparen t  than real is the tox- 
icity of trichloroethylene. All volatile solvents when 
inhaled in any  appreciable quantities produce ab- 
normal physiological effects. However in a proper ly  
operated extraction system, the amount  of trichlo- 
roethylene getting into the air would be negligible. 
According to Lehman and F l u r y  (1), the highest safe 
concentration of tr ichloroethylene in a work room is 
190 parts  per million by volume. As much as 13,500 
parts are required to be serious for a 30-minute ex- 
posure. The immediate effect of high concentrations 
of tr iehloroethylene in the air is to produce symptoms 
similar to intoxication from alcohol. The pat ient  re- 
covers rapidly in fresh air. The toxic effects of tri- 
chloroethylene are apparent ly  not cumulative. 

Pilot  P lant  Studies  
Continuous solvent extraction involves the move- 

ment of both the flaked soybeans and solvent continu- 
ously through an extract ion chamber. For  the most 
efficient extraction the movement of the solvent should 
be counter-current  to that  of the beans. In  the early 
pilot plant studies at Iowa State College the beans 
were moved through the extractor  by  means of screw 
conveyors. This extractor  consisted of two connected 
tubes;  one at an angle of about  16 ~ from the hori- 
zontal, the other extending upward  f rom the lower 
end of the first tube at  an angle of 14 ~ from the ver- 
tical towards the first tube. The flakes entered the 

697 
FIo. 1. Twenty-five ton extraction nlant. 



698 THE JOURNAL OF THE AMERICAN OIL CttEMISTS' SOCIETY, DECEMBER, 1949 

upper  end of the first tube and were carr ied down 
through the solvent to the second tube. In  the sec- 
ond tube they were carr ied upward  otlt of the sol- 
vent and into a drier.  The solvent entered the second 
tube moving downward to the first tube and flowing 
upward  to a point  just  below the enter ing point  of 
the flakes. Here  the miscella flowed out of the ex- 
t rac tor  to the s t r ipper .  While this extractor  gave 
good results, i t  was decided that  it had certain in- 
herent  disadvantages due to the use of the screws as 
conveyors. Fo r  example, since the screws did not run  
full, there was by-passing of solvent, thus reducing 
the extract ion efficiency. Screws also tend to produce 
some fines due to breakage of the flakes. 

Following the s tudy of the screw type extractor,  a 
pilot p lant  ext rac tor  with a capaci ty  of 1.5 tons per  
24 hours, using a continuous chain conveyor for  mov- 
ing the flakes, was bui l t  and studied. The chain t rav-  
elled through a casing which formed a rec tangular  
loop about  12 feet  long and 6 feet high, set at  a 
slight angle with the horizontal. The bot tom pa r t  of 
this casing formed the extractor  while the uppe r  hori- 
zontal run  was steam jacketed to act as a drier. The 
extractor  was completely filled with the flaked beans, 
which were moved along a t  a rate  of about  one foot 
a minute  b y  the chain without agitation. Because of 
the skeleton-like na ture  of the conveying links very  
litt le obstruction was offered to the solvent flow. The 
un i fo rm counter-current  flow of solvent through the 
un i fo rm mass of flakes resulted in excellent extrac- 
tion. F o r  example, the flakes were reduced to 1% or 
less oil content in 17 minutes  of extraction, produc-  
ing a miscella containing 20% oil. Since there was no 
agitat ion in the extractor,  very  little breaking  of the 
flakes occurred, resul t ing in a min imum of fines to 
be i~moved f rom the miscella. 

Various methods of recovering the solvent f rom the 
oil were studied, including both fal l ing and rising 
film evaporators.  One of the former  consisted of two 
vertical s team-hea ted  tube bundles, one above the 
other and connected by  a short  spool f rom which 
the vapor  was removed. Miseella containing approxi-  
mate ly  20% oil was fed in at the top and s t r ipping  
steam blown in at the bot tom through a pan of oil 
acting as a seal. Oil was drawn off continuously 
through the bot tom pan. While oil substant ial ly free 
f rom solvent was obtained, this evaporator  was not 
considered sat isfactory for  commercial  use. A rising 
film evaporator  consisting of a miscella tank, verti- 
cal steam jacketed tubes, and a flash chamber proved 
excellent for  concentrat ing the miseella f rom the ex- 
t rac tor  to approx imate ly  80% oil. After  filtering, the 
concentrated miscella was s t r ipped free of solvent in 
a packed column, using Berl  saddles. This produced 
a sat isfactory oil. 

Commercial Plants 

A plant  having a capaci ty of 10 tons per  day, ~ls- 
ing this process, was designed for  J.  Roach Sons 
inc., Plainfield, Iowa, where it was put  into opera- 
tion with the technical assistance of the Iowa Engi-  
neering Expe r imen t  Stat ion staff. Af te r  the usual  
difficulties common to new processes were ironed out, 
it was put  int5 successful commercial operation. Pat-  
ent r ights on the process have been assigned b y  the 
Station to the Iowa State College Research Founda-  
tion inc. A license has been issued by  the Foundat ion  
for  the manufac tu re  and sale of the equipment  for  

F~(~, 2. Twenty-five ton plant. Extractor chain in foreground. 

the process. The eqnipment  at present  is being pro- 
duced in 25-ton units  (Figs.  1 and 2). 

A flow sheet of the commercial process is shown in 
Fig. 3. All of the equipment  is normal ly  installed on 
one floor of a single building. The extractor  is essen- 
tially a continuous loop of circular tubing or pipe 12 
inches in diameter  as shown in Fig. 3. A continuous 
conveyor chain having circular  open top links (Fig. 
2) t ravels  in the tube and  is driven b y  means of a 
sprocket. 

Operat ion of the p lan t  is as follows: The beans 
f rom storage pass over a ro ta ry  screen and a per- 
manent  type magnetic  separator  to remove foreign 
matter .  They are then weighed by  automatic dump 
scales dropping into a small bin below. F rom the 
bin they are fed into a two-pair  high set of crack- 
ing rolls. Several types of feeders were tr ied for  
this purpose, but  an electrically operated vibra t ing 
feeder gave the best control. The cracked beans are 
then passed through a s team-jacketed  t e m p e r i n g  
tube, where they heated to about 15'0~ F rom the 
temper ing  tube the hot cracked beans drop into flak- 
ing rolls. A single pa i r  of smooth rolls produce flakes 
about 0.010 of an inch thick. The flakes are conveyed 
by  a screw conveyor to a drag type of vertical ele- 
vator, where they are elevated to the top of the ex- 
tractor.  This type of elevator is used in preference 
to a bucket  elevator since it handles the flakes with 
little breakage. The flakes enter the extractor  just  
to the r ight  of the drive sprocket, feeding in by  grav- 
ity. A sufficient head of flakes is mainta ined in the 
feed spout  above the extractor  to prevent  the loss of 
any  solvent vapor.  Exper imenta l  work has shown 
that  the unext rac ted  flakes absorb the trichloroeth- 
ylene vapors  but  allow any air to pass through. The 
proper  flake level is secured by  mainta ining a slight 
overflow which accumulates in a bin f rom which it 
may  be fed back into the feed conveyor when neces- 
sary. An "electric e y e "  actuat ing an electric light or 
bell may  be installed in the feed spout to give warn- 
ing if the level of flakes drops too low. 

The solvent is pumped  through a rotameter  into 
the e x t r a c t o r  tube  at  the opposite end f rom the 
flake entrance. The miscella flows out through s]ot~ 
ted screens in the side of the extractor  tube below 
the point  where the flakes enter. The flakes are car- 
ried down through the solvent and up out of it into 
the uppe r  s team-jacketed  p r e h e a t i n g  section. The 
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FIG. 3. Flow sheet of extraction process. 

hot so lvent-sa tura ted  extracted flakes or meal drop 
into the uppe r  dr ier  tube where volatilization of 
the solvent begins. The hot chain passes down into 
the extractor  p r e h e a t i n g  the incoming flakes and 
the outgoing miscella. P roper  heating of the flakes 
prevents  condensation of moisture on their  surface, 
which might  result  in clogging of the miseella screens. 
Heat ing  the miseella at this point  assists extraction, 
and since it lowers the viscosity, it also insures be t te r  
flow of the miscella out through the screens. 

The regular  dr ier  sections are steam-jacketed tubes, 
through which the meal is carr ied by  r i bbon - type  
screws equipped with special agitators.  The solvent 
and water  vapor  are taken off at one end of the drier,  
passing under  a water  spray  to remove any  meal dust 
and to a water-cooled condenser. The condenser is 
set below the level of the lower dr ier  to facil i tate the 
flow of the heavy solvent vapors  into it. The con- 
denser is vented into the incoming flakes above the 
extractor  to allow the non-condensable gases to escape 
to the atmosphere without  loss of the accompanying 
solvent vapor. 

The condensed solvent and water  run  into a tank  
where the solvent separates as the lower layer. The 
solvent is pumped  f rom the bot tom tank back into 
the extractor.  A layer  of water  is mainta ined over 
the solvent to act as a seal to prevent  loss b y  vola- 
tilization. The excess water  overflows to  the sewer. 

The meal leaves the lower dr ier  section through a 
special vapor  seal: The plug of meal which forms 
the seal is being continuously formed of the dis- 
charging meal at  the dr ier  end and continuously 
breaking up as it emerges to drop into the moisten- 
ing and cooling trough.  Here  water  is sprayed  on 
to adjust  the moisture content. F rom here it drops  
into a hammer  mill, where it is ground to p roper  
size to meet t rade  requirements.  F rom the mill the 
meal goes direct ly to the bagging bin for  bagging.  

The miseella f rom the e x t r a c t o r  contains about  
20% oil and 80% solvent by  weight. I t  passes into 
a elimbing film type of evapora tor  consisting o~ a 

series of vertical  s team jacketed tubes discharging 
into a rec tangular  flash chamber.  The miscella f rom 
the flash chamber  contains about  80% oil and 20% 
solvent. I t  now passes down through a leaf type of 
filter, where the fine meal is removed. Since there is 
pract ica l ly  no agitat ion to break  the flakes in the 
extractor,  the percentage of fines produced is sma l l - -  
about  one-half pound per  ton of beans processed. 

The filtered concentrated miscella passes through a 
preheater  to a packed column s t r ipper  in which the 
remainder  of the solvent is removed. This s t r ipper  
consists of a vertical  s team jacketed tube filled with 
Berl  saddles over which the miseella film moves down- 
ward.  Steam blown in at the bot tom strips the sol- 
vent f rom the oil. The solvent and water  vapor  are 
condensed in a double condenser system, which not 
only condenses the two vapors  but  breaks u p  any  
emulsion which may  form as the result  of colloidal 
oil droplets car ry ing  over with the vapor.  The sol- 
vent  goes to the solvent tank for  reuse and the water  
to the sewer. The oil collects in a small tank  below 
the s tr ipper ,  f rom which it is pumped  to an outside 
storage tank. 

The operation and control of the plant  are simple. 
The rate  of feed of the beans is set by  the feeder at 
the cracking rolls so as to mainta in  a slight overflow 
of flakes at  the extractor.  The excess flakes accumu- 
late in a small bin, f rom which they are fed back by  
g rav i ty  into the horizontal screw flake conveyor. They 
may  be used to compensate for  the lag between the 
cracker and the ext rac tor  a f t e r  the feed at the cracker 
has been increased, or they may  be fed into the ex- 
t rac tor  with the feed cut back for  tha t  purpose. The 
flake thickness is checked by  micrometer  calipers and 
the rolls adjusted accordingly. 

The solvent flow is adjusted by  a needle valve or 
by  a va r i ab l e  speed drive on the p u m p  and metered 
by  the rotameter .  The proper  rate of solvent flow for 
a given rate  of processing is learned b y  experience 
and checked by  deternlining the concentrat ion of oil 
in the miseella f rom the specific gravi ty .  When oper- 
at ing with flakes not over 0.010 inch in thickness and 
a miseella eontaining not over 20% by  weight of the 
oil, the meal should contain less than  one per  cent 
oil. The concentration of the miseella going f rom the 
evapora tor  to the s t r ipper  may  also be checked f rom 
the specific gravi ty .  The presence of solvent in the 
oil may  be determined by  the p lant  operator  by  a sim- 
ple eolorimetric test  (2), using pyr id ine  and sodium 
hydroxide  as reagents. This method as original ly de- 
veloped would determine amounts  of tr ichloroethyl-  
ene in soybean oil as low as 0.02%. A modification of 
this method which may  be used to detect amounts  as 
low as 10 par t s  per  million (0.001%) is now in use. 

The oil produced b y  this process is substant ia l ly  
free of solvent;  grab  samples taken dur ing normal  
operat ion usually show about  10 to 15 par t s  per  mil- 
lion. Tank car shipments  show less than  50 par t s  
per  million. A typical  sample showed free f a t t y  acids 
0.40%, moisture and volatile 0.20%, and refining loss 
5.0%, No taste or odor of solvent is noticeable in the 
meal. The heat t r ea tment  of the meal in the driers 
may  be varied, depending upon the use for  the meal. 
Studies under  way on the use of the meal as an ad- 
hesive indicate tha t  it is suitable for  this purpose. I t  
has also been used exper imenta l ly  in the product ion 
of plastics (3). While meal with a urease content suit- 
able for  feed purposes has been made direct ly in the 
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driers  in the pilot plant ,  it is considered more prac- 
tical in the commercial  installation to use a "toaster" 
(not shown in the photograph)  recently d e s i g n e d .  
Feeding tests have shown the meal to be free of any  
toxic effects and to be entirely sat isfactory as a pro- 
tein feed. 

Processing costs are low. Since the solvent is non- 
flammable, all of the processing equipment  can be in- 
stalled on one floor in a single building. As a result  
of the compact  a r rangement  and automat ic  operat ion 
two men can operate a 25-ton p lant  including the 
sacking of the meal. The greatest  power consumption 
is by  the cracker and flaker. Total  power consump- 
tion is about  32-kilowatt hours per  ton of beans. The 
proeess steam required for  the driers, evaporator,  and 
s t r ipper  is about  1,300 pounds per  ton. The water  
required will va ry  with the t empera tu re  but  is about  
200 cubic feet per  ton. Solvent loss is low; about  
one-half gallon per ton of soybeans processed. Total  
processing costs are estimated at about  20 cents per  
bushel. 

Extract ion research is being continued by the Iowa 
Engineer ing Exper iment  Station along two broad 
lines. In  the first series are studies on possible im- 
provements  of the present  process. Fo r  example  re- 
cent research indicates tha t  it may  be possible to 
reduce the amount  of s t r ipping  steam required to re- 
move the residual solvent f rom the oil to one-fourth 
that  now used and still obtain the same high grade 
oil. In  the second series are studies on the applica- 
tion of the process to the extraction of other oil- 
bearing materials  than soybeans, such as corn germs, 
wheat germs, flax seed, and cotton seed. 
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Polyunsaturated Fatty Acid Retarders in the Emulsion 
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T I t E  importance of scientific research in re ta ining 
existing markets  for  fats  and oils, while at the 
same time extending their  uses to new fields, has 

been well i l lustrated by  the progress made dur ing 
prosecution of the government ' s  synthetic  rubbe r  pro- 
gram. At the beginning of the p rog ram tallow soaps 
were adopted as emulsifiers in the emulsion polymer-  
ization process for  manufac tu re  of butadiene-s tyrene 
synthet ic  rubber,  GR-S. The s tandard  recipe called 
for  5 par t s  of soap per  100 par ts  of monomers,  and 
with the eventual need for  at least 800,000 tons of 
rubbe r  annually,  the quant i ty  of suitable soap re- 
quired would exceed 100 million pounds annually.  
The early soap specifications included use of rela- 
t ively high grade tallow, with max imum iodine num- 
ber  of 52, a difference between iodine number  and 
thioeyanogen number  not to exceed 6, and a negative 
test for  insoluble bronlides. 

Two serious difficulties involving emulsifiers arose 
early in the program.  Er ra t i c  rates of polymerization 
were observed with different batches of soap which 
met the specifications in use then. These variat ions 
prevented  establishment of a un i fo rm cycle of p lan t  
operations. The second difficulty was a critical short- 
age of high grade tallow. Increasing diversion of 
edible grade tallow became necessary as product ion 
of r ubbe r  increased. 

To solve these problems the Rubber  Reserve Com- 
pany  in !943 init iated a soap development p rogram 
for  government  synthet ic  rubber .  Some of the results 
of this p rogram were repor ted before the American 
Oil Chemists '  Society by  Burke (7) and have ap- 
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peared in various publicat ions by  Semon (16), Dun- 
brook (8),  and Wilson and P fau  (20). Research at 
this Labora to ry  in which various rubber  companies, 
soap manufac tu re r s  and universities have collaborated 
by contr ibut ing specialized techniques established the 
fact  tha t  po lyunsa tura ted  f a t ty  acid components of 
the tallow soap emulsifiers acted as re tarders  in the 
emulsion polymerizat ion ; that  variat ions in the con- 
tent of po lyunsa tura ted  acids undetected by iodine 
value minus thiocyanogen value ( I . V . - - T . V . )  differ- 
ences resulted in var iable  conversion ra tes ;  and that  
selective hydrogenat ion of the fa t  stock was a success- 
ful  remedy for  the difficulties encountered. 

Although many  possible theories were advanced to 
explain the errat ic behavior  of the tallow soaps as 
emulsifiers, the supposition that  v a r y i n g  amounts of 
unidentified "re tarders"  were present  in the soaps 
seemed most plausible. F rom a consideration of the 
composition of tallow, it seemed probable  t h a t  such 
re tarders  if present  would be found in one or more 
of the following groups:  a) na tura l ly  occurring an- 
t ioxidants and other congeners, b) polyunsatura ted  
acids present  in tallow in small amounts, or, c) metal- 
lic impuri t ies  in the soap. Substant ial  basis existed 
for suspecting these substances of re tarding action. 
For  example ,  synthetic ant ioxidants  exert a great re- 
tarding influence. Also diene s tructures  of the type 

H 
I 

- - C ~ C - - C - - C ~ - - - C - - ,  found  in polyunsa tura ted  f a t ty  
I 

H 

acids and certain hydrocarbons  were very  damaging 
(9a) if p resent  in significant amounts. 

To discover whether  any  of the na tura l ly  occur- 
rir~g ant ioxidants  affected the polymerizat ion we ob- 


