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Oils and Press Cake Under Controlled Conditions* 
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~ H E  modern trend is clearly away 
from numerous small oil mills to a 
smaller number of larger and more 
efficient mills. In the movement for 

economy through better efficiency, the 
greater yield of oil obtainable by solvent ex- 
traction cannot be ignored indefinitely. 
Despite the fact that this method has been 
used so extensively and successfully in Eu- 
rope, its use has not spread rapidly in this 
country. It  will bring the subject much 
nearer home to diseu.ss the experiences of a 
domestic corporation which for several 
years has extracted vegetable oils by sol- 
vents. 

This Corporation started with standard 
hydraulic equipment and later on began 
the operation of a branch plant using sol- 
vent extraction. In slightly over a year, 
the original pressing plant had been aban- 
doned but the solvent extraction plant has 
been enlarged and operated steadily. Dur- 
ing nearly eight years, oil has been extracted 
from five varieties of seeds and one variety 
of press cake, using two different kinds of 
batch extractor and one kind of continuous 
extractor. Perhaps the most significant point 
is that for several years operations were 
confined to press cake. During that time 
the Corporation made its profits solely by 
extracting such oil as hydraulic presses had 
failed to remove. Steady progress has been 
made although the experience has been 
more expensive in money and hard work 
than would have been the case had more 
information been available. It  is with the 
hope of aiding the cause of solvent extrac- 
tion by helping others to avoid certain pre- 
ventable difficulties that this discussion is 
presented. 
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Design of Plant 

F IRST, do not expect any given layout 
to be equally efficient or equally economi- 

cal for all materials. Modern extraction sys- 
tems must keep in step with modern condi- 
tions. The old concept of economy of space 
and apparatus that led to combining as 
many functions as possible in one piece of 
apparatus is yielding to specialization of 
function in the larger scale installations. 
Also there is the fact that while it may be 
both scientifically and economically feasible 
for a small operator to have his system so 
flexible as to handle a large variety of raw 
materials, the larger scale operator who 
makes such an installation is treading on 
dangerous ground economically. For ex- 
ample, take a plant designed to extract both 
65% copra and some presscake with only 
8% of oil. The distillation equipment and 
the apparatus for removing solvent from the 
meal and handling, grinding and bagging it 
are designed accordingly. While operating 
on copra, the distillation equipment is run- 
ning to capacity but all the apparatus for 
the meal is up to but roughly one-third of 
capacity. While operating on presscake 
only about one-fifth or less of the distilla- 
tion capacity is utilized while the meal han- 
dling apparatus is busy. No matter which 
raw material is used, either operation must 
carry the overhead of a lot of excess capa- 
city. Obviously this would not be true of 
a plant designed for only one, or only for 
similar raw materials. 

Any good system must have some flexi- 
bility but to be prepared to handle a large 
variety of raw materials is expensive. Not 
only will the requirements of capacity vary 
for the several units but there may be a 
necessary change in some unit when turn- 
ing from one raw material to another. For 
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e x a m p l e ,  i t  m i g h t  be n e c e s s a r y  to  use  dif-  
f e r en t  c r u s h i n g  e q u i p m e n t .  C h a n g e s  of p ro -  
cedure ,  l ike g o i n g  f r o m  h o t  to co ld  e x t r a c -  
t ion ,  w o u l d  n o t  n e c e s s i t a t e  a n y  c h a n g e  in 
e q u i p m e n t  b u t  t h e r e  a re  m a n y  p o s s i b l e  
c h a n g e s  w h i c h  w o u l d  r e q u i r e  n e w  a p p a r a -  
tus .  

T h e  m a n u f a c t u r e r  of  v e g e t a b l e  oi ls  on  a 
l a r g e  sca le  m u s t  o p e r a t e  on a n a r r o w  m a r g i n  
and so cannot  a f ford  to over look small  d i f -  
ferences  of yield,  s team consumpt ion  and 
cost Of solvent  which quickly mount  up to 
sizable i tems in a large plant.  The re fo re ,  
in changing  raw mater ia ls ,  he must  expect  
to have to make some changes in equipment ,  
p r o c e d u r e ,  or  b o t h  if t he  m o s t  e c o n o m i c a l  
r e s u l t s  a re  to  be  o b t a i n e d .  

Controlling Factors 

B E F O R E  c o n s i d e r i n g  a n y  spec ia l  s y s t e m  
of  e x t r a c t i o n ,  c e r t a i n  q u e s t i o n s  s h o u l d  

be  a n s w e r e d .  

A. Capacity 
1. What tonnage per day? 
2. How many hours in the working day? 

B. Raw Material 
1. How many materials must this particular 

Installation handle ? 
2. Name them. 

C. Yield 
1. Which takes precedence, quantity or qual- 

ity? For example a hot extraction might 
yield higher quantity but poorer quality. 

2. Which takes precedence, cost of extraction 
or specification of residue? For example if 
it proves cheaper to leave 1.5% oil in the 
residue than to extract down to 1%, will 
you be satisfied or must the 1% specification 
be met ? 

D. Quality of Extract. 
1. Is the oil very sensitive to heat? 
2. Is color an important factor? 
3. Do you want to extract anything besides 

the oil? Example, Bollmann's process of 
using mixed solvents to extract both oil 
and lecithin from soya beans. 

E. Quality of Residue. 
1. What  use is contemplated? Fertilizer? 

Feed? Special use? 
2. What moisture specifications? 

T h e s e  q u e s t i o n s  s o u n d  e x t r e m e l y  e l e m e n -  
t a r y  b u t  s o l v e n t  e x t r a c t i o n  s y s t e m s  have  
been  i n s t a l l e d  w i t h o u t  e i t he r  the  b u y e r  or  
se l l e r  h a v i n g  a c l ea r  idea  of e x a c t l y  w h a t  
is e x p e c t e d  of  t he  i n s t a l l a t i o n .  I n s t a n c e s  
w h e r e  b o t h  p a r t i e s  h a v e  been  inde f in i t e  on 
a c c o u n t  of " t r a d e  s e c r e t s "  have  been  k n o w n  
to  c o v e r  m e r e  i g n o r a n c e .  

A n o t h e r  p r e v e n t a b l e  source  of t r o u b l e  
a n d  m i s u n d e r s t a n d i n g  is the  s t a t e m e n t  of 
p e r c e n t a g e s  w i t h o u t  s p e c i f y i n g  the  bases .  
T h i s  f r e q u e n t l y  r e s u l t s  in the  c o m p a r i s o n  of 
p e r c e n t a g e s  w h i c h  a re  no t  on  the  s a m e  b a s i s  

a n d  so  a re  no t  c o m p a r a b l e .  F o r  i l l u s t r a -  
t ion,  t a k e  c o p r a  a n d  e x t r a c t  64 o u t  of 65 
lbs.  of  oil p r e s e n t  in 100 lbs.  a n d  some  
p r e s s c a k e  and  e x t r a c t  7 o u t  of 8 lbs. p res -  
ent .  T h e  p e r c e n t a g e s  of r e s i d u a l  oi l  m i g h t  
t h e n  be  e x p r e s s e d  : -  

Copra Presscake 
1. Basis of raw material .................. 1.00% 1.00% 
2. " " total oil in raw mat. 1.54% 12.50.% 
3. " " the residual meal ...... 2.78% 1.18% 

T h e  m o i s t u r e  c o n t e n t  of the  r e s i d u e  wil l  
v a r y  so the  sa fe s t  w a y  is to  check  e x t r a c t o r  
o p e r a t i o n s  b y  p e r c e n t  of  oil  in the  bone  d r y  
r e s idue .  K n o w i n g  the  m o i s t u r e  and  oil  
c o n t e n t s  of the  r a w  m a t e r i a l  u s e d  ove r  a 
pe r iod ,  i t  is a s i m p l e  m a t t e r  to  c o n v e r t  the  
a v e r a g e  of t he  checks  b a c k  to  t he  bas i s  of 
t he  o r i g i n a l  r a w  m a t e r i a l  and  o b t a i n  a d i r ec t  
check  on  p r o d u c t i o n .  
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Curve Showin.q Pounds Solvent per Pound Oil 
Plotted Against Percent Oil in Solution 

Specific Systems 

C O M I N G  n o w  to the  c o n s i d e r a t i o n  of 
specif ic  t y p e s  of e x t r a c t i o n  s y s t e m s ,  a 

h y p o t h e t i c a l  case  wi l l  be  c o n s i d e r e d  w h i c h  
is a c o m p o s i t e  of v a r i o u s  c o n d i t i o n s  actu,- 
a l ly  d e m o n s t r a t e d  b y  l a b o r a t o r y  d e t e r m i n a -  
t ions ,  p l a n t  p r a c t i c e  o r  bo th .  W i t h  th i s  
seed,  c e r t a i n  d e t e r m i n a t i o n s  have  been  
made. 
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Crush ing :  With  standard crushing equip- 
m e n t  it has  been  found  tha t  a smal l  per-  
centage of the raw material goes through not 
suff ic ient ly  g r o u n d  to permi t  comple te  ex- 
t rac t ion.  I n  o the r  words ,  a sample  f r o m  the  
c r u s h i n g  e q u i p m e n t  canno t  be comple t e ly  
ex t r ac t ed  w i t h o u t  fu r the r  g r ind ing .  T h e  
l a k o r a t o r y  ana lys is  shows  45.2% oil ex t rac t -  
able f rom the sample  as received and  45.5~% 
to ta l  af ter  fu r the r  g r ind ing .  Basis  r aw ma-  
terial  the re  is the re fore  0.3% oil unavai l -  
able for  ex t rac t ion .  T o  c rush  finer in the  
p lan t  wou ld  increase  c r u s h i n g  cos ts  ou t  of 
p r o p o r t i o n  to the  increased  yield, compl ica te  
the  ope ra t ion  of the  ex t rac to rs ,  a n d  in jure  
the  qua l i ty  of the  oil. T h a t  m u c h  res idual  
oil is the re fore  pa r t  of the  ca lcu la t ions  bu t  
the e x t r a c t o r  ope ra t ions  m u s t  no t  be held 
accoun t ab l e  for  tha t  por t ion  of  the  oil in 
the  residue.  

E x t r a c t i o n :  I t  has been demonstrated that, 
given proper  agitation, early in the extraction, 
all the available oil is in solution, but part  of  
the  so lu t ion  is soaked  up in the seed. Sub-  
s e q u e n t  ex t r ac t ion  mere ly  di lutes  the ab- 
so rbed  solut ion,  the  w e i g h t  of  so lu t ion  re- 
t a ined  be ing  cons tan t .  I n  o the r  w o r d s  as 
m o r e  oil is r emoved ,  more  so lven t  is re- 
ta ined.  ( T h e  pe rcen t  of  so lu t ion  re ta ined  
var ies  wi th  the  mater ia l ,  s ta te  of sub-  
divis ion,  mo i s tu re  content ,  and  so lven t  
used.)  

A t  the  comple t ion  of ex t r ac t ion  w h e n  the 
so lven t  is disti l led off, a n y  oil in solut ion 
will  be r e -absorbed  by  the  fiber. T h e  oil 
in the  res idue  m a y  then  be cons idered  in 
two  c lasses ;  first unava i lab le  for  ex t rac t ion ,  
and  second,  d issolved bu t  no t  w a s h e d  ou t  
and  so r e -abso rbed  w h e n  the  so lvent  is 
d r iven  off. 

N o w  fol low 100 lbs. of the r a w  mater ia l  
through the process:  

1. Before  E x t r a c t i o n :  H e r e  the  w e i g h t  
of  the  c o m p o n e n t  pa r t s  and the pe r c e n t a ge s  
are  identical.  

lbs. % 
Moisture ............................................................... 5.5 5.5 
Available Oil ................................................ 45.2 45.2 
Unavailable Oil ........................................... 3 .3 
Fat and Moisture--free residue... 49.0 49.0 

100.0 lbs. 100.0% 

2. A t  the end of ex t rac t ion  bu t  before  
the  abso rbed  so lven t  has  been  dr iven  off :  
D u r i n g  ex t r ac t ion  m o s t  of  the  avai lable  
oil has  been  removed ,  bu t  the  we i gh t s  of  
the  o the r  c o m p o n e n t s  remain  the  same  even 
thoug h the percentages have changed, due to 
r emova l  of  oil and  abso rp t ion  of  solvent .  

lbs. % 
Solvent .................................................................. 27.5 33.33 
Moisture ............................................................... 5.5 6.67 
Available Oil ................................................. 2 .24 
Unavailable Oil ........................................... 3 .36 
Fat and moisture--free residue... 49.0 59.40 

82.5 Ibs. 100.00% 
Note : 
A. The solvent and moisture together, the total 

volatile matter, constitute 40% of the wet resi- 
due. 

B. The bone dry residue would weigh 49.5 lbs. of 
which 0.5 lb. is oil or 1.01%. 

C. At the completion of extraction there was 0.2 
lb. available oil in solution in 27.5 lbs. of 
solvent, which is a 0.72% solution. 

T h e r e f o r e  u n d e r  these  condi t ions ,  in o rde r  
to ob ta in  a res idue  a n a l y z i n g  1.01% on the 
d ry  basis,  ex t r ac t ion  m u s t  be c o n t i n u e d  un-  
til the  final so lu t ions  tes t  o n l y  0.72% oil. 
If, then,  the ex t r ac t ion  s y s t e m  is one  of  
those  wh ich  in final ana lys is  are  glorif ied 
Soxh le t  ex t r ac to r s  w h e r e  all so lu t ions  are 
distil led, the p ic tu re  on dis t i l la t ion wou ld  
be as fo l lows :  
% Oil in Solution Lbs. solvent distilled per lb. oil 

20% 4.0 lbs. 
15% 5.7 " 
10% 9.0 " 
5% 19.0 " 
4% 24.0 " 
3% 32.3 " 
2,% 49.0 " 
1% 99.0 " 
0.72% 138.1 " 

Fo r  efficient  and economica l  la rge  scale 
p roduc t ion ,  the  fo l lowing  are  s u g g e s t e d :  

1. Extraction Efficiency: The simplest apparatus 
possible to wash out the maximum amount of 
oil with a minimum of solvent. 

2. Steam Consumption: 
A. Removing solvent from oil. Distill only the 
most concentrated solutions feasibly obtainable. 
B. Removing solvent from meal. Use apparatus 
specially designed for that purpose and used 
continuously so as to avoid steam loss in heat- 
ing the apparatus periodically. 

3. Solvent Loss: A tight system, good recovery 
apparatus and a minimum solvent turnover. 

4. Labor: A system requiring a minimum of 
changes such as opening valves, shifting solu- 
tions, etc. 

5. Control: Use of mechanical control of flow 
of solids and liquids, eliminating human ele- 
ment where possible, but yet subject to adjust- 
ment. 

S u m m a r y  

E X T R A C T I O N  eff ic iency c lear ly  poin ts  
to counter-current  extraction and with 

the  o the r  r e q u i r e m e n t s  indicates  c o n t i n u o u s  
opera t ion .  So o u r  inves t iga t ions  and  p lan t  
exper ience  t o g e t h e r  wi th  cons ide ra t ion  of  
m o d e r n  p r o d u c t i o n  m e t h o d s  have  led us to 
the  firm conc lus ion  t h a t  the  fu tu re  of  large 
scale so lven t  ex t r ac t ion  of  vege t ab l e  oils 
lies in c o n t i n u o u s  c o u n t e r - c u r r e n t  ex t rac-  
t ion. 


