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D e t a i l e d  D e s c r i p t i o n  of  One Sys tem 
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S 
O L V E N T  ex t r ac t ion  of the  

soya bean has  m a n y  a t t r a c -  
t ive  fea tu res ,  most  impor-  

r a n t  of which is the  h igh  oil y ie ld  
ob ta inab le  by use of  th i s  me thod  
o f  ex t rac t ion .  

A s s u m i n g  a soya bean  of  20% 
f a t  and  7% m o i s t u r e  content ,  the  
p r e s s  method gives  a cake w i th  
6% fa t  while  the  solvent  me thod  
y ie lds  a meal  of  0.5% f a t  content .  
I f  cake and meal  mo i s tu re  conten t  
were  the  same at  7% the  f a t  y ie lds  
pe r  ton of clean bean would be 300 
pounds  for  the  p ress  and 392 
pounds  for  the  solvent  ex t rac t ion ,  
or  75% and 98% ex t r ac t ion  re-  
spect ively.  Based  on 111/2c oil and  
$39.00 meal  the  solvent  ex t rac -  
t ion  shows an increased  f inancial  
r e t u r n  of $8.90 per  ton of  beans  
worked.  In  r e a l i t y  the  solvent  
me thod  shows a g r e a t e r  a d v a n t a g e  
t han  ind ica ted  because  the  aver-  
age soya bean has  a lower oil con- 
t en t  than  2 0 % - - u s u a l l y  a round  
17%.  

The t ex tu r e  of the  soya  bean 
makes  i t  p a r t i c u l a r l y  adap t ab l e  to 
solvent  ex t rac t ion .  The  bean  on 
be ing  c rushed  g ives  a somewha t  
f ibrous mate r i a l ,  which  even wi th  
rough  hand l ing  r e t a in s  i ts  o r ig ina l  
c rushed  shape  and size. W i t h  
p rope r  rolls  i t  m a y  be c rushed  ve ry  
fine wi thou t  the  produc t ion  of any  
apprec iab le  amoun t  of fines. The  
c rushed  m a t e r i a l  shows no ba l l ing  
or  caking  act ion e i the r  upon ap-  
p l ica t ion  of s l igh t  p r e s s u r e  or  when 
mois t ened  wi th  solvent.  I t s  volu- 
m e t r i c  sh r inkage  on ex t r ac t ion  is 
small .  In  shor t  the  soya bean  has  
those  p rope r t i e s  des i red  in a ma te -  

r i a l  to be ex t r ac t ed  by  percola t ion .  
The soya bean is unusua l ly  r i ch  

in vegetable  phospha t ides  and 
se rves  as  a r a w  m a t e r i a l  f r om 
which these  subs tances  m a y  be re-  
covered.  

P a r t i c u l a r  M e t h o d  D e s c r i b e d  

The process  descr ibed  here  was  
pa t en t ed  and developed in Ger-  
many,  and  has  been in successful  
commercia l  opera t ion  the re  fo r  a 
per iod  of about  ten years .  I t  is 
based on the  p r inc ip le  of cont inu-  
ous opera t ion  and c oun t e r - c u r r e n t  
flow and is logical ly  d iv ided  into  
t h ree  semi - independen t  u n i t s :  Ex-  
t r ac t i on  proper ,  d r y e r  or  solvent  
recovery  f rom ex t r ac t ed  meal  and  
oil r ecovery  or  d i s t i l l a t i on  uni t .  
One p lan t  is a t  p resen t  e x t r a c t i n g  
soya beans,  be ing  ope ra t ed  s ide  by  
side wi th  Ande r son  Expel le rs ,  the  
cake of the  l a t t e r  be ing  worked  
t h r o u g h  the ex t r ac t i on  process ,  
f o r m i n g  a p a r t  of i t s  r aw  ma te r i a l .  
Because of this ,  th i s  p a r t i c u l a r  
p lan t  offers a p a r t i a l  compar i son  
of the  p re s s ing  as a g a i n s t  ex t r ac -  
t ion methods.  

As. shown by the  sketch the  ex- 
t r a c t o r  is essen t ia l ly  a l a rge  bucke t  
e levator .  The ind iv idua l  buckets ,  
equipped wi th  fa lse  bot toms,  a r e  
filled f rom a hopper  above the  ex- 
t r ac to r ,  while  a t  the  h ighe s t  po in t  
of t he i r  fl ight.  They  descend on 
the r i g h t  side, be ing  s imul t aneous ly  
t r e a t e d  wi th  oi l -solvent  effluent ob- 
t a i ned  f rom the  l e f t  s ide of t h e  
ex t rac to r .  On the  l e f t  and  ascend-  
inu side the  m a t e r i a l  is t r e a t e d  in 
coun te r - cu r r en t  w i th  f r e s h  solvent.  
The bucket ,  a scend ing  pas t  t h e  
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Continuous elevator type extractor 

zone of solvent application, goes 
ghro,ugh a draining period and upon 
again reaching its highest point 
is dumped in a hopper below, from 

where it is delivered to the drying 
apparatus. The whole is enclosed 
in an iron casing. 

The drying apparatus consists os 
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a se r ies  of specia l ly  des igned,  jack-  
e ted  tubes ,  w i th in  which  the  meal  
is  hea ted  and s teamed.  A f t e r  t r a v -  
e l ing the  full  l eng th  of these  tub~s 
the  meal  is de l ivered  t h r o u g h  a 
lock as  f inished ex t r ac t ed  meal .  

Evapora to r s ,  f r a c t i o n a t i n g  col- 
umns,  h e a t  exchangers ,  w a t e r  sep- 
a r a to r ,  su r face  condensers ,  oil 
s c rubb ing  tower  fo r  solvent  recov- 

t h i r d  and va luable  produc t ,  "Vege-  
tab le  Phospha t ide s . "  

O p e r a t i n g  R e q u i r e m e n t s  and  
Yie lds  

The  fo l lowing table  of s ix  mon ths '  
opera t ion ,  r e p r e s e n t i n g  a run  of  
a p p r o x i m a t e l y  8,000 tons,  i l lus-  
t r a t e s  tho  qua n t i t a t i ve  ope ra t ion  
of th is  f a c t o r y :  

Material  
Worked 

No. KG 
1 1,008,000 
2 i,233,500 
3 1,330,100 
4 1,307,200 
5 1,654,900 
6 1,380,600 

Total 7,914,300 
Average 1,319,050 

Phosphatide 
Oil 

Emulsion 
No. KG % 

1 7,800 0.8 
2 8,500 0.7 
3 9,300 0.7 
4 14,!30 1.1 
5 18,300 1.1 
6 15,000 1.1 

Total 74,030 
Average 12,338 0.94 

Required 
Steam 

at 8 Atmos. 
No. KG 
1 893,400 
2 1,067,100 
3 1,359,500 
4 1,310,200 
5 1,317,500 
6 1,291,400 

Total  7,239,100 
Average 1,206,515 

Loss on 
Cleaning 
Beans 

KG % 
7,740 0.8 
9,410 0.8 

10,360 0.8 
11,490 0.9 
14,780 0.9 
11;330 0.8 
65,110 
10,851 0.82 

Extrac ted  
Material  

Meal 
KG % 

832,575 82.6 
950;945 77.1 

1,076,520 80.9 
1,055,725 80.8 
1,317,800 79.6 
1,076,875 78.1 
6,310,440 
1,051,740 80.0 

Pressed Extrac ted  
Oil Oil 
KG % KG 

45,050 4.5 118,960 
48,190 3.9 150,400 
47,340 3.6 165,450 
45,090 3.5 162,170 
54,580 3.3 211,600 
42,935 3.1 178,320 

283,185 986,900 
47,197 3,58 164,483 

Finely Ground 
Extracted Total  

Meal Yield 
KG % KG % 
200 0.02 1,004,585 99.7 

56,550 4.3 1,213,585 98;2 
1,298,610 97.6 
1,277,115 97.7 

0.6 1,602,280 96.8 
1.2 1,331,030 96.4 

7,727,205 
1.08 1,287,867 97.5 

10,500 
17,900 
85,150 
14,191 

% 
11.8 
12.2 
12.4 
12.4 
12.8 
12.9 

12.38 

Total 
Required Solvent Requirements 

Power Kw. Benzol Alcohol 
KG % KG % 

53,068 9,500 0.95 7,195 0.71 
63,107 14,100 1.14 5,150 0.42 
69,580 14,750 1.11 4,030 0.30 
62,264 16,100 1.24 6,350 0.49 
67,294 19,100 1.15 8,620 0.52 
60,013 14,900 1.08 6,350 0.46 

375,326 88,450 37,690 
62,554 14,741 1.12 6,281 0.47 

e ry  f rom vented  a i r ,  etc., const i -  
tu te  the  recovery  uni t .  The  whole  
is combined as  one closed sys tem.  

As  a solvent  a m i x t u r e  of ben- 
zol and  alcohol is used. The al- 
cohol enables  t he  r ecovery  of a 

I t  is  a p p a r e n t  f rom the  tab le  t h a t  
the  solvent  ex t r ac t i on  of the  soya  
bean by  th is  process  is an exis t -  
ing  commercia l  en te rp r i se .  The  
tab le  m a y  serve  as a bas i s  fo r  both  
e s t i m a t i n g  ex t r ac t i on  costs  and fo r  
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comparison with the operat ion of 
other  exis t ing  processes provid ing  
cer ta in  unique  fea tures  of this  
process are taken into account.  

As s ta ted above, this  process i~ 
working  side by side wi th  Expell- 
ers, the cake of the la t te r  f o rming  
par t  of its raw mater ial .  This  
procedure, aside from the ext ra  
power used for pressing,  increases 
power consumption due to ex t ra  
hand l ing  and mi l l ing  necessi ta ted 
by it. Then too, it  resul ts  in sup- 
plying the extractor  with a raw ma- 
ter ia l  of lower oil content.  Ex- 
perience has shown, however, tha t  
unpressed beans are as easily ex- 
t racted as the pressed. 

The table is based on the use 
of a double solvent consis t ing cf 
alcohol and benzol. The recovery 
of such a solvent entai ls  a large 
expendi ture  of steam, for the ac- 
tual  oil solvent, benzol, is increased 
by the quan t i ty  of alcohol used. 
The lat ter ,  a f ter  the  first disti l la- 
a t ion f rom oil mus t  be separated 
f rom the benzol by use of water  

Actual operat ion has shown tha t  
the use of alcohol is not  necessary 
to complete oil recovery, bu t  t ha t  
it  g rea t ly  increases the yield of 
phosphatides and mater ia l ly  affects 
the qual i ty  of the latter.  The 
phosphatide f rac t ion consists of ap- 
proximately  15% water ,  30% oil 
and 55% crude phosphatides.  

One month ' s  qual i ta t ive  opera- 
t ion is given in the table below. 
The averages of daily de te rmina-  
t ions have been grouped as weekly 
averages. 

Ethyl  ether  was used as solvent 
for the fa t  de te rmina t ions  of cake 
and meal. Wi th  this  solvent ex- 
t racted meal usual ly shows a 0.5% 
fa t  content.  Lower figures are 
often obtained but  to consis tent ly  
extract  below 0.5% would unduly  
increase the extract ion period and 
cut the capacity. 

Compar i son  wi th  Pressed Oils 

For  the purpose of comparison,  
representa t ive  samples of pressed 

Soya Beans Pressed Cake 
Fa t  Moisture Fat  Moisture 
% % 70 % 

17.56 11.00 12.95 10.07 
17.47 12.10 12.50 11.23 
17.47 11.10 12.70 11.20 
16.90 10.80 12.10 10.00 
17.30 11.40 11.80 10.60 
Monthly average 
17.30 11.30 12.70 10.60 

Extracted Meal Extracted Oil Pressed Oil 
Fat  Moisture F.F.A. Color F.F.A. Color 
% % % % 

0.86 14.50 0.29 6.2 0.15 5.8 
0.48 15.30 0.28 6.2 0.11 5.8 
0.78 14.60 
0.53 13.00 
0.50 13.60 

0.67 13.90 0.29 6.2 0.14 5.8 

and subsequent ly  re-dist i l led and 
rectified. Of the required  s team 
shown in the table, about 52% is 
used for the dis t i l la t ion and recti-  
fication of the solvents. Us ing  one 
solvent the s team consumed would 
be reduced by 50% or the total  
s team consumption reduced to 75% 
of the figure given in the table. 

The use of alcohol not  only adds 
an ext ra  alcohol loss, bu t  tends  to 
increase the benzol loss, .which 
otherwise would be well under  1%. 

and extracted oils were carr ied 
through the usual  ref ining process 
with the results  given in table on 
next  page. 

In  compar ing  pressed with ex- 
t racted oil it is to be noted tha t  
the pressed oil represents  the first 
f rac t ion of expressed oil while the 
extracted oil is a combinat ion  of 
the oil extracted f rom the press 
residue and f rom the bean. I t  is 
seen, however, tha t  the extracted 
oil is equally as good as the press- 
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C o m p a r a t i v e  A n a l y s e s  a n d  R e f i n i n g  R e s u l t s  o n  P r e s s e d  a n d  E x t r a c t e d  

S o y a  B e a n  O i l s  

E x t r a c t e d  Oil 
P e r c e n t a g e  volat i le  m a t t e r  . . . .  0.43 
F. F. A . . . . . . . . . . . . . . . . . . . . .  0.73 
Color (Lovibond)  . . . . . . . . . . . .  35y, 16.5r, 2.5b 
Iodine No . . . . . . . . . . . . . . . . . . .  134.7 

Loss of re f in ing  . . . . . . . . . . . . .  3.6% 
Color . . . . . . . . . . . . . . . . . . . . . . .  35y, 9.6r 
6% Pikes  Peak  Bleach . . . . . . .  28y, 2.8r 
Deodorized color . . . . . . . . . . . . .  7y, 0.7r 
F l a v o r  . . . . . . . . . . . . . . . . . . . . . .  Good 
Cold t e s t  . . . . . . . . . . . . . . . . . . .  B e t t e r  t h a n  48 hrs.  

P ressed  Oil 

0.30 
35y, 9.8r 
133.8 

3.3% 
35y, 7.2r 
22y, 2.2r 

7y, 0.7r 
Good 
B e t t e r  t h a n  48 hrs .  

A n o t h e r  s a m p l e  c o m p a r e d  as  f o l l o w s :  

E x t r a c t e d  Oil P ressed  Oil 
P e r c e n t a g e  volat i le  m a t t e r  . . . .  0.13 0.08 
Iodine  No . . . . . . . . . . . . . . . . . . .  122.8 122.4 
F. F. A . . . . . . . . . . . . . . . . . . . . .  0.70 0.35 
Sp. gr .  15 ~ C . . . . . . . . . . . . . . . .  0.9262 0.9293 

S t i l l  a n o t h e r  s a m p l e  c o m p a r e d  as  f o l l o w s :  
E x t r a c t e d  Oil P ressed  Oil 

Color . . . . . . . . . . . . . . . . . . . . . . .  35y, l l . 3 r  35y, 10.6r 
F. F. A . . . . . . . . . . . . . . . . . . . . .  0.70 0.35 
Iodine No . . . . . . . . . .  . . . . . . . . . .  132.6 132.2 
Mois tu re  pe r  cent  . . . . . . . . . . . .  0.13 0.08 
Tota l  f a t t y  acids . . . . . . . . . . . . .  94.59 94.73 

ed f o r  b o t h  t e c h n i c a l  a n d  ed ib l e  
p u r p o s e s .  

T y p i c a l  a n a l y s e s  of  e x t r a c t e d  
m e a l s  a r e  as  f o l l o w s :  

Mois ture  F a t  P ro t e i n  F i b r e  Ash  
8.60 0.90 47.40 3.53 

11.90 0.80 48,30 8 5.00 5.10 
13.50 0.40 47.20 4.70 5.40 
15.53 0.48 48.45 5.00 5.40 

E x t r a c t e d  m e a l  is  s o l v e n t  f r e e .  
I t  is  f r o m  w h i t e  to  l i g h t  s t r a w  in 
co lo r  a n d  w h e n  f ina l ly  m i l l e d  h a s  

m u c h  t h e  s a m e  a p p e a r a n c e  as  
w h e a t  f lour .  A s i d e  f r o m  i t s  u s e  
a s  a c a t t l e  feed ,  f o r  w h i c h  i t  is  
h i g h l y  va lued ,  i t  is  r e g u l a r l y  u s e d  
in  G e r m a n y  f o r  h u m a n  c o n s u m p -  
t ion ,  a s  such ,  a n d  i n c o r p o r a t e d  w i t h  
s u c h  m a t e r i a l s  a s  cake  choco la t e ,  
s o u p  cubes ,  w h e a t  f lour  f o r  b r e a d  
m a k i n g ,  etc.  I n  E u r o p e  t h i s  m e a l  
c o m m a n d s  a p r e m i u m  o v e r  p r e s s e d  
soya  mea l s ,  a l t h o u g h  t h i s  is  con-  
t r a r y  to A m e r i c a n  p r e f e r e n c e .  

O I L  & F A T  I N D U S T R I E S  

a t  t h e  C h e m i c a l  E x p o s i t i o n  

A 
L L  r e a d e r s  a n d  o t h e r  f r i e n d s  
of OIL & FAT INDUSTRIES 
who intend to visit the 

Eleventh Exposition of Chemical 
Industries, which will be held at 
the Grand Central Palace, New 

York ,  Sep t .  26 to  Oct .  1, i n c l u s i v e ,  
a r e  i n v i t e d  to  m a k e  t h e i r  h e a d q u a r -  
t e r s  a t  o u r  boo th ,  N u m b o r  525,  o r  
a t  o u r  office a t  220 W e s t  42d  St .  
T h e  C h e m i c a l  I n d u s t r i e s  E x p o s i -  
t i o n  t h i s  y e a r  wi l l  be  b i g g e r  a n d  
b e t t e r  t h a n  e v e r  a n d  w e  h o p e  al l  
o u r  r e a d e r s  wil l  a t t e n d .  D o n ' t  f o r -  
g e t  t h e  n u m b e r  of  o u r  b o o t h ,  525.  
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