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D E V E L O P M E N T  of an ethanol extract ion process 
for  soybean oil which completely eliminates the 
distil lation steps former ly  required for  the recov- 

ery  of residual  oil and byproduc t s  has been achieved 
both in a continuous labora tory  appa ra tus  (3) and 
on a pi lot-plant  scale. ~ The elimination of these dis- 
t i l lat ion steps and those necessary for rectification 
and dehydra t ion  renloves tile economic disadvantage 
occasioned by  tile high la tent  heat of ethanol (204 
cals . /gm.)  as compared to hexane (80 eals./gln.).  
Thcoretieal  calculations have shown an economic ad- 
vantage ill the use of cthanol in solvent extract ion of 
soybean oil through lower energy requirements  than 
when llexane is used. t 'onsiderat ion of improved prod- 
uets or addit ional  byproduc ts  which may  be obtained 
is no longer fundamental .  

I t  was the requirement  of improved color in isolated 
soybean prote in  that  led to the s tudy of tile effect of 
oil solvents (1, 2). This s tudy demonstra ted tha t  the 
use of ettlanol gave an i lnprovcd color to the extracted 
flakes and isolated protein and tha t  ethanol extraction 
also improved the flavor of the proteilmeeous mate- 
rials used for  l luman consumption. Other adwmtages  
of the use of ethanol include the low, free f a t t y  acid 
content  of the oil (Table 2 of Ref. 1) ; the, possibili ty 
of addit ional  byprodue t s  such as sterols, saponins, 
and sugars ;  grea ter  industr ial  sa fe ty ;  tile low toxicity 
of the solvent;  and the possibili ty of p repar ing  the 
solvent f rom agr icul tura l  residues. 

The Alcohol  E x t r a c t i o n  Process  
Alcoholic extraction of vegetable oils has always 

been in t r igu ing  because of the high t empera tu re  coef- 
ficient of solubili ty (6). On the basis of this large 
change in solubili ty as influenced by  tempera ture ,  it 
is possible to extract  the oil f rom the oil-bearing 
mater ia l  with absolute alcohol at the boiling point. 
This is where complete miscibil i ty of oil and solvent 
exists. Af t e r  removing the miseella f rom the oil-bear- 
ing mater ia l  it is cooled to about  room tempera tu re  
and  prac t ica l ly  all of the oil is recovered b y  phase 
separat ion.  When using 95% ethyl alcohol as the oil 
solvent, it is advantageous to ca r ry  out the extract ion 
under  slight pressure in order  to raise the tempera-  
ture  of the alcohol above 90~ where complete mis- 
cibil i ty is a t ta ined  between the 95% alcohol and the 
oil. Obviously, the separat ion of the miseella f rom the 
oil-bearing mater ia l  must  also be carr ied out under  
pressure.  Both 95% alcohol and absolute alcohol 
remove water  f rom oil-bearing meal at  the moisture 
content  usual ly  employed in solvent extract ion and 
quickly become diluted to such an extent as to be of 
no fu r the r  use as an oil solvent unless rectification or 
rectification and dehydra t ion  be used to remove the 
water.  

To minimize this dilution of the alcohol the Jap-  
anese recommended (6) tha t  the moisture content of 
the oil-bearing mater ia l  be reduced, They did not 
recognize tha t  a n  equil ibrium point  exists between 
the moisture  content of the alcohol and  tha t  of the 
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beans and, therefore,  they permi t ted  the moisture 
content in their  experiments  to wl.ry f rom '1% to 6%. 
I t  has been found (7) that  when the moisture content 
of the oil-bearing soybean mater ia l  is reduced below 
3% no detectable solution of water  by  the alcohol 
takes place. In  fact, under  ord inary  conditions of 
drying,  the moisture content of the soybeans is often 
reduced well below 3% and all actual improvement  
takes place in the efficiency of alc, ohol as an oil solvent. 

The Japanese,  while re fer r ing  in the litcr,~ture 
cited as well as to English and Am(,riean patents  
(4, 5, 8) regarding  circulation aml reeirculation proc- 
esses, never actual ly  used a continuous recireulation 
process. Instead,  their  descriptions (5) refer  to re- 
tu rn ing  the alcohol to the same bat(,,h of material  
unti l  the oil content is sufficiently reduced and then, 
a f te r  oil separation,  removing the alcoholic solution 
to a still for  recovery of residual oil and byprothlets.  

The Nondis t iUat ion  Process  
Eliminat ion of the step requir ing distillation of the 

alcohol to recover residual oil and byproduc ts  was 
made possible by  discovery at the Nor thern  Regional 
Research Labo ra to ry  that,  on cooling to 25~ or 
lower, nonoil solubles separate f rom the alcohol to an 
extent  dependent  on the t empera tu re  of cooling. This 
effect has )~ot been noted previously in the l i terature.  
(A pa ten t  appl icat ion involving this step is on file in 
the Pa ten t  Office.) The Japanese  specifically deny tile 
separat ion of other solnbles by  s ta t ing (9) tha t  "o i l  
and oil a lone"  separates when the miseclla is cooled 
to the extent required to remove the oil by  their  proc- 
ess. We have found that  when the alcoholic miseella 
issuing f rom the extractor  is cooled to 0~ a n d  the 
separated oil and nonoil solubles are allowed to settle, 
the superna tan t  alcoholic solvent will come to equilib- 
r ium af ter  repeated reuse at a total-solubles content 
of 4.3% (af ter  cooling and before addit ion of make-up 
solvent) ;  and when the cooling is carr ied no lower 
than  20~ the result ing total-solubles content of the 
superna tan t  alcoholic solution is no more than 5.5%. 
This value for  the total-solubles content has been 
established by  the reuse of the alcoholic solvent more 
than  85 times without  distillation. The repeti t ion was 
carr ied out in the continuous eountereurrent  extrac- 
tion of soybeans in the l abora to ry  extractor  described 
in a recent article (3). 

Use of the cooling step for the elimination of dis- 
t i l lat ion obviously substi tutes a step that  involves 
only sensible heat  for  one tha t  requires the la tent  
heat  of vaporization.  Fur thermore ,  most of the sensi- 
ble heat  t r ans fe r  m a y  be effeeted in heat  exchangers 
since the cooled alcoholic solvent must  be reheated 
for  reuse in the extractor.  An energy balance shows 
this alcohol process requires, t h e o r e t i c a l l y ,  about  
seven-tenths as much energy as the hexane process. 
Specifically, the nondisti l lation process is calculated 
to require 776.2 pounds 2 of s team per  ton of flaked 
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soybeans while the hexane process is variously re- 
ported to require from 1,100 to 1,600 pounds of steam 
per ton of flaked soybeans. A reduction of the size 
of  the heat exchange unit  (Figure  1) from 100% 
heat recovery to 85% heat recovery would reduce 
investment  costs and make the thereby increased en- 
ergy cost of the alcohol process approximately  equal 
to that of  the hexane process. 

The complete nondist i l lat ion oil extraction process 
is schematical ly  diagrammed in Figure  1. The oil- 
bearing meal is fed into the drier, passes through the 
extractor and meal desolventizer to be discharged as 
dry, extracted meal. The hot alcoholic solution f r o m  
the extractor passes through the heat exchanger into 
the cooler in which separation of the alcoholic solvent 
and the oil and solids takes place. About  97% of the 
alcoholic solvent entering the cooler is freed of all 
but 4.5% to 5.5% total solubles, depending on the 
temperature of the cooler, and is returned through 
the heat exchanger directly to the extractor. The oil 
and solids from the cooler are discharged into the 
separation unit  consisting of a settler or decanter 
with a solids discharge and with provision for the 
oil to pass to the stripper for removal of the alcohol 
remaining in the oil. It is returned to the rec~ycled 
alcohol. This alcohol is about 3% of the solvent ill 
the cooler and about 7% on the weight  of the oil. Wc 
have found that nearly all of this alcohol is removed 
when the oil is heated at 100~ nnder 20 inches 
of vacuum. The remaining alcohol, which is about 
0.02% of the oil, is removed in the first water-wash 
step of the refining process, and the monetary value 

of the alcohol is much less than the labor charge on 
the energy required for recovery. 

The results of  a typical  run and materials  balance, 
when the laboratory equipment ment ioned earlier ( 3 )  
was used, are given in Table 1. The operation was 
carried out on a batch of dehulled soybean flakes 
which analyzed 19.5% oil, 6.51% nitrogen, and 2.52% 
moisture. The ethanol solvent has been through the 
extraction cycle 75 times wi thout  rectification and 
had a cloud point  of 20.5~ Throughout  the run 
temperature conditions were adjusted to give the 
solvent the same cloud point. 

T A B L E  1. 

Mater ia l s  B a l a n c e  D a t a  for a Typica l  Operat ion  W i t h  95% Ethanol .*  
T e m p e r a t u r e  of E x t r a c t i o n  78~ 

Mater ia l s  I W e i g h t  P e r  c ;n t  

g r a m s  

Total  so lubles  in e thanol  at. s tar t  of opera t ion  . . . . . . . . . . . . . . . . . . . . . . . .  
M o i s t u r e  c o n t e n t  of f lakes e n t e r i n g  ex trac tor  ................ 
Flakes ,  m o i s t u r e  present ,  e n t e r i n g  ex trac tor  . . . . . . . . . . . . . . . . . .  7724 
Flakes ,  m o i s t u r e  free,  e n t e r i n g  ex trac tor  ....................... 7530 
E x t r a c t e d  f lakes,  8 . 6 7 %  moi s ture  ................................... 6596 
E x t r a c t e d  flakes,  m o i s t u r e  free  ........................................ 6017 
Oil con ten t  of  e x t r a c t e d  f lakes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R e c o v e r e d  oil so lvent  free  ................................................ 1411 
Total  so lubles  in so lven t  at  end  of r u n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Meal recovery ,  per  c e n t  of or ig ina l  f lakes . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oil recovery ,  per  c e n t  of or ig ina l  f lakes  ........................ 
Foot s  recovery ,  per  c e n t  of or ig inal  f lakes 

(phosphat ides ,  sugars ,  a n d  other  alcohol  
soluble  m a t e r i a l s )  ................................................................. 

5.5 
2.52 

1.02 

5.50 
79.9 
18.7 

1.4 

* T h e  ut i l i ty  of the  process  u s i n g  9 5 %  ethanol  as  the  so lvent  u n d e r  
8 pounds '  p r e s s u r e  has been d e m o n s t r a t e d  on a pi lot -plant  scale .  

S u m m a r y  
A new vegetable oil extraction process has been 

developed, with alcohol as the oil solvent. The process 
requires no d i s t i l l a t i o n  to recover the oil or the sol- 
vent characteristics of the alcohol. This has been 
demonstrated by reuse of the solvent more than 85 
times. The theoretical energy requirement of the 
process is about  three- fourths  that of the hexane 
process. 
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