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A simple and inexpensive modification of the filtration- 
extraction process has been described which permits  improved 
extraction efficiency and reduced solvent requirements over 
that  presently obtained. I t  comprises an additional soaking 
step, which can be readily incorporated. 

Bench-scale data are presented on three different oil-bearing 
materials  which demonstrate  that ,  at equivalent solvent-meats 
ratios, the percentage of residual lipids in the extracted meal 
products  can be reduced about  50% or more by use of the 
double-soak over the single-soak procedure or that,  for  equiva- 
lent percentages of residual oil in extracted meals, the solvent- 
meats ratio can be reduced significantly. 

laboratory method is described which is recommended for 
use in the design of commerciaLscale installations employing 
the double-soak, filtration-extraction process. 

F 
ILTRATION-EXTRACTION iS a n  established c o m m e r -  

c ia l  process for  the continuous direct extraction 
of cottonseed, soybeans, sunflower seed, and rice 

bran (1,2,7,8) and has also been applied successfully 
on a bench- or pilot-plant scale to peanuts (3),  flax- 
seed (4), sesame (5), castor beans (6), safflower, 
wheat and milo germs, sugar cane mud, press-cake, 
and other materials (9). 

Dur ing  the course of the research on filtration-ex- 
traction a number of modifications and new techniques 
were investigated for the purposes of reducing solvent 
requirements and to improve extraction efficiency and 
capacity. "So lven t  Cooking," previously described 
(10), offers possibilities of combining the operations 
of cooking, crisping, and s lurrying in a single vessel; 
reduction of solvent rat io;  lower temperature  of oper- 
ation; and improved protein solubility of the final 
meM product. Another  approach, described herein, 
utilizes "Doub le -Soak"  extraction. 

The solvent-processing phase of filtration-extraction 
consists essentially of a single co-current soaking of 
the prepared material  in the most concentrated or 
product  miscella, which contains about 20-40% oil 
by  weight. Here  substantially all of the lipids are 
extracted. This has been corroborated by Kulkarni  
(13), Coats (11), and Karnovsky (12) in their  recent 
studies on the mechanism of solvent extraction of oil- 
bearing materials. The s lurry  formed is then drained 
to remove the bulk of the product  miseella, and the 
resulting cake is eountereurrent ly  washed and drained 
three times in a period of 3-5 rain., using progressively 
weaker miseellas and finally oil-free hexane. 

I t  had been observed that  some materials exhibited 
poor washability characteristics and that  some allowed 
more ehanneling of liquids in the washing operations 
and thus could not be consistently extracted to a 
residual lipids content of about 1% in the final meal. 
I t  was also observed that  the standard displacement 
washes were not completely effective in replacing or 
washing out all of the product  miseella originally 
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entrained in the filter-cake af ter  the initial drain. To 
improve this step of the process, the use of an addi- 
tional soaking step was explored. 

A series of laboratory experiments was designed to 
inelude a second a~ ta t ed  soaking or s lurrying step 
which would allow the drained mare af ter  either the 
first or second wash to soak for a short time with one 
of the eountereurrent  wash miscellas in order fur- 
ther to extract, by a second equilibration, the more 
concentrated miscella (statie hold-up) still retained 
or t rapped between the cake particles and in the air 
and oil voids within the solid matrix. 

I t  is the purpose of this repor t  to demonstrate that 
the incorporation of an additional soaking step in 
the filtration-extraction process presents the advan- 
tages of higher extraction efficiency and low-solvent 
requirement. Bench-scale data are presented to show 
the extent to which the claimed improvements can be 
realized in the processing of three typical  high-oil- 
content crops, namely, cottonseed, sesame, and pea- 
nuts. The s tudy was completed in 1957; however 
publication of the results is believed warranted by 
the increasing t rend among oilseed processors towards 
more exhaustive extraction. 

Raw Materials and Equipment  

The cottonseed was of prime quali ty and was rep- 
resentative of current  oil mill receipts. The sesame 
was domestically produced seed obtained from Clem- 
son Agricul tural  College, Clemson, S.C. The peanuts 
were U.S. No. i grade shelled Spanish peanuts from 
that  year ' s  crop, purchased from a local peanut  but ter  
manufacturer .  

Equipment  for preparat ion of the different mate- 
rials comprised the following pilot-plant size units: 
Carver 12-in.-wide bar hul ler ;  18-in.-wide double- 
shaker screener; 18-in.-wide meats purifier;  French 
12-in.-wide, 5-high roll stand, all rolls of s tandard 
diameters;  Allis-Chalmers 1-pair high, 12-in.-in-di- 
ameter cracking and flaking rolls; Evar ts  G. Loomis 
2-eu.-ft.-eapaeity, steam-jacketed, mixer-cooker ; steam- 
heated, forced-draft  cabinet dryer.  All of these units 
have been described in previous reports (5,14). 

Apparatus  used for conducting the extraction was 
a 51/~dn.-in-diameter, beneh-seale, filter test nnit  (15). 

Exper imental  

Preparation of Materials for Extraction. The three 
raw materials were prepared in accordance with the 
specific procedures recommended for each in past re- 
ports (3,5,16,17). However, in order more effectively 
to demonstrate the improved extraction efficiency ob- 
tainable by the double-soak process, preparations were 
purposely selected, which when extracted by the re~l-  
lar single-soak process, gave residual lipids somewhat 
higher than 1.0%. 
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Ex t rac t i on .  The single- and double-soak processes 
were compared with respect to extraction efficiency, 
mass velocity (filtration rate  in pounds of liquids 
passing through the filter bed per  hour  per  square 
foot of filter screen area) ,  and solvent-meats ratio 
( refer red  to here inaf ter  as solvent ra t io) ,  using the 
bench-scale test method described by  Graci et al. (15). 
I t  is the s tandard  procedure employed to evaluate 
the fil tration and extraction characteristics of oil- 
bear ing materials  for single-soak filtration-extraction, 
and results obtained correlate well with commercial- 
scale performance.  This procedure is refer red  to as 
Method A and is i l lustrated in F igure  1. 

Fi l t ra t ion by the double-soap process was carried out 
in accordance with the flow diagram shown in F igure  
2. This procedure, refer red  to as Method B, differs 
f rom Method A in that  the once-washed cake is given 
a second soaking or s lur ry ing  in weak miscella, fol- 
lowed by one wash with weaker miscella, and a final 
wash with oil-free hexane. Double-soak extract ion 
was also carried out by another  method, C, in which 
the filter-cake is given two washes and is resoaked 
in a weaker miseella than  tha t  for  Method B, fol- 
lowed by one wash with oil-free hexane. 

Eleven extraction experiments  were conducted, in 
which each of the three f reshly-prepared  materials  
was processed by Method A and by  Method B ;  and 
in the case of cottonseed, by  Method C also. Detailed 
operat ing conditions employed are listed in Table I. 

The extractions with cottonseed and peanuts  were 
conducted by  using miscellas for  s lurrying and wash- 
ing which were specially adjusted in oil eoneentra- 
ing which were specially adjusted in oil eoncentrac- 
tion to levels calculated to correspond, respectively, 
to those which would obtain under  steady-state con- 
ditions in a t ru ly  continuous operation. In  Experi-  
ments 4, 5, and 6 with sesame seed, oil-free hexane 
was used for  s lur ry ing  and washing. 

In  all the experiments  employing Method A, a soak- 
ing period of 30 min. was used. In  Exper iment  5 a 
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FIG. 1. Flow diagram of commercial-scale filtration-extraction 
process (extraction phase), employing standard "single-soak" 
procedure (Method A). 
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FIG 2, Flow diagram of commercial-scale filtration-extraction 
process (extraction phrase), employing modified or "double-soak" 
procedure (Method B). 

soaking period of 60 rain. was used to observe the 
effect of soaking time. In  the experiments  employing 
Methods B and C s lur ry ing  periods were 15 rain. for 
the initial s lur ry ing  and 30 rain. for  the reslurrying.  

In  Exper iments  7 through 11 with peanuts  the sol- 
vent ratio was varied f rom 1.5 to 0.8 to observe the 
effect on residual lipids in extracted meal and on the 
rate of filtration. 

In  each of the experiments  the average filtration rate 
was determined to observe if any  reduction occurred 
because of the format ion of addit ional fines by me- 
chanical action in the res lur ry ing operation. 

Results and Discussion 

Table I compares the results obtained ill bench-scale 
processing of the three oil-bearing materials  by the sin- 
gle- and double-soak fi l tration-extraction procedures. 

In  the experiments  with cottonseed all three meth- 
ods are compared. The data  show tha t  double-soak 
~Iethods B and C gave improved extraction over 
Method A by a margin  of about 0.8% residual lip- 
ids content. I t  is noted that  there was no significant 
difference in the extraction results obtained with 
Methods B and C. This may  be explained on the 
basis that, whereas the result ing concentration of oil 
in the  mi see l l a  in the  s o a k i n g  vesse l  is s o m e w h a t  
lower (1.5-2.0%) for Method C than that  ( 3 -5 % )  
for Method B, the lat ter  has had the benefit of an 
additional wash af ter  the res lur ry ing  step. 

In  the experiments  with sesame seed the extracted 
meal produced by Method B was substant ial ly lower 
(0 .5%)  in r e s i d u a l  l i p ids  t h a n  t h a t  (1 .2%)  by 
Method A. In  Exper iment  5 the increasing of the 
soaking time f rom 30 to 60 rain. yielded a final meal 
somewhat lower in lipids content, but it was still con- 
siderably higher than that  obtained by Method B. 
I t  is obvious that  by using Method B the solvent ratio 
could have been reduced substant ial ly without ex- 
ceeding 1.0% residual lipids content in the extracted- 
meal product.  
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Compar i son  of Bench-Scale Ex t rac t ion  Resul t s  for Single- v e r s u s  Double -S lur ry ing  

VOL. 38 

Mater ia l  processed .......................................... 
Moisture,  %b .............................................. 
L ip ids ,% b ................................................... 

Ex t rac t ion  method a ........................................ 

Expe r imen t  No ................................................ 

Opera t ing  condi t ions  : 
Hexane-meats  ra t io , lb . / lb  ............................ 
Cake thickness,  in  ...................................... 
Vacuum,  in. mercury  .................................. 
S l u r r y i n g  time, min  ................................... 
S lu r ry ing  temp., ~ .................................... 
Res l u r ry ing  time, rain ................................ 

A B 

1 

1 1.1 
2 2 
4 

30 3 
135 13~ 

Res l u r ry ing  temp. ~ ................................. 
S l u r r y i n g  miscella, % l ip ids  ....................... "10 

Cotton seed 
10.6 
28.7 

C A A B 

2 3 1 5 6 

1. 
2 

l g ~  

135 
10.0 

5.0 

1.1 

4 
15 

135 
10.0 

5.0 

1.7 
1 �90 
4 

30 
!35  

1.7 

4 
60 

130 

1.7 

15 
130 

30 
13oO 

0 W a s h  No. 1, % l ipids  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

R e s l u r r y i n g  miseella, % l ip ids  .................... 
W a s h  No. 2, % l ip ids  .................................. 
R e s l u r r y i n g  miseella, % l ip ids  .................... 
Wash  No. 3, % l ip ids  .................................. 
Washes,  temp., ~ ...................................... 

Resul ts  : 
)~ass velocity ( lhs . /h r . / sq . f t . )  .................... 
Ex t rac ted  desolventized meal :  

H20  % b  ................................................... 
Lipids ,  %b ............................................... 

5 [ 

135 140 

3100 3300 

1.5 
0.5 
0 

135 

0 

135 

3200 

7.4 1 
1.21 J: 

0 

13 o 

3400 

7.6 
0.92 

13o o 

3800 

7.2 
0 5 2 .  

Peanu ts  
4.0 

43.6 

B 

1.2 
2 
4 

30 
140 

140 

.... i.9 ~.6 
0 

140 140 

4100 4800 [ 

7.6 7.5 o.7~1 2.72 

1.5 
2 
4 

30 
140 

140 
%0 

140 

5400 [ 

B B 

10 11 

.2 0.8 
2 

4 4 
15 15 

340 135 
30 

135 1% 
19.0 

6.3 9.5 
1 .9  2 . 4  
0.6 0.8 

14 135 

4500 3300 

7.8 7.4 
0.89 1.12 

3300 

6.9 7.2 I 7.2 
1.80 1.00, 0 . 9 8  

a Method A ~ s lur ry ing ,  followed by three washes ;  B-- - - s lur ry ing  and one wash, followed by res lur ry  ng and two washes ;  C = s lu r ry ing  and 
two washes, followed by r e s lu r ry ing  and one wash. 
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The experiments  with peanuts  provide a compari- 
son of Methods A and B at  two levels of solvent ratio 
and show, in each case, a significant increase in the 
d e g r e e  of e x t r a c t i o n  in f a v o r  of the  d o u b l e - s o a k  
method. The data also point out tha t  the difference 
in percentage lipids obtained by Methods A and B 
is inversely related to the solvent ratio. I t  is noted 
that  the meal produced in Exper iment  11 by Method 
B, using a solvent rat io of 0.8, was only slightly 
higher in residual ]ipids content than  that  for ex- 
per iment  10, where a 1.2 ratio was employed, and 
was considerably lower than the meals produced by 
Method A, where the respective ratios used were 1.5 
and 1.2. The use of such low solvent-ratio levels to 
remove substantial ly all of the oil f rom oil-bearing 
materials  at relat ively unimpaired  mass velocity rates, 
together with the high product  miscella concentra- 
tions obtainable, is believed to be unprecedented in 
the solvent-extraction industry.  

The above results demonstrate  that  double-soak ex- 
t ract ion Method B or C is capable of extract ing oil- 
bear ing materials  to a substant ial ly lower content of 
residual lipids in meal, equivalent to about half  that  
obtainable by the conventional single-soak procedure,  
Method A. The data also show that  equivalent extrac- 
tion efficiency or degree of extraction can be obtained 
by double-soak extraction at a great ly  reduced solvent 
ratio and tha t  filtration rates for  double-soak extrac- 
tion are not measurably  reduced as a result  of the 
addit ional soaking step. All values for mass velocity 
are sufficiently high to fall within the range of 2.000 
3,000 recommended for eonnnercial feasibility (15). 

In  discussing the apparen t  super ior i ty  of double- 
versus single-soak extraction, no a t tempt  will be made 
to discuss the theoretical physical-chemical aspects of 
solvent extraction. However  it is postulated that  the 
a t ta inment  of lower residual lipids content in meal by 
Methods B and C is a t t r ibuted p r imar i ly  to the fact 
tha t  the addit ional soaking in weak miseella is more 
effective than displacement washing in removing the 
concentrated miscella entrained within the pore space 
of the solid particles of the filter-cake and only sec- 
ondari ly to intrinsic extraction (13), per  se, of undis- 
solved residual oil and of the more difficultly-soluble 

nonoil lipids, which are the last components to go into 
solution (12). 

Another  feature  of double-soak extraction, aside 
f rom providing an addit ional  step for  thoroughly 
equil ibrating the par t ia l ly  extracted mater ial  with 
weak miseella, is that  the reforming of the filter-cake 
makes possible a reposit ioning of the fines withiu the 
cake, which in tu rn  results in an increased filtration 
rate. 

Reduction ill the solvent ratio required to extract  
an oil-bearing mater ial  to any  given level of residual 
lipids content permits  the use of smaller-size equip- 
nlent units for extraction and miseella concentration. 
The extent to which the above features  can be ex- 
ploited on a commercial scale of operation is discussed 
below. 

Pract ical  Applicat ion 

F igure  1 is a flow diagram of the extraction phase 
of the eonlmercial-seale, f i l tration-extraction process 
employing the s tandard single-soak procedure. Fig- 
ure 2 depicts the process as it would be practiced 
eonnnereially, using the modified or double-soak pro- 
cedure. Comparison of the two figures shows that  only 
minor equipment additions and modifications would 
be required to convert  f rom the single- to the double- 
soak arrangement .  The addit ional equipment would 
comprise a second s lurry  feeder, second s lurry  mixer, 
second marc discharge scroll with separate  drive, one 
filtrate receiver, and one pump.  The two s lur ry  mix- 
ors could be combined into a single vessel with a 
dividing plate and could be operated with a single 
drive. The bridges and part i t ions in the filter valve 
would be repositioned to correspond with the required 
rear rangement  of the filter screen area segments and 
to provide for the addit ional areas re(mired for depo- 
sition, drainage, and blowback of the No. 2 slurry.  

' I t  is apparen t  that  double-soak extraction can be 
utilized advantageously by  a commercial processor in 
the following three ways, depending on the par t icular  
objective to be accomplished. 

1. Lower Re.~idltal Lipids at Equal Solve~d Ratio. 
For  a 200-ton/day plant  processing cottonseed and 
producing about 177,000 lbs. of meal per day, a redue- 
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tion in lipids content of 0.1% would represent an 
increased daily yield of oil product of 177 lbs. This 
amount of oil priced at 10~ per pound would be val- 
ued at $17.70. A reduction of 0.8% in residual lipids 
would represent an increased daily oil recovery worth 
$141.60. 

I t  is important to emphasize that where the double- 
soak process would be practiced principally to achieve 
greater lipid recovery, without reducing solvent ratio, 
a slightly larger filter unit would be required to pro- 
vide additional screen area for depositing and drain- 
ing the No. 2 slurry and to accommodate the addi- 
tional scroll. Thus the additional oil removed would 
have to be balanced on an economic basis against 
slightly increased capital investment and operating 
costs. However it may be reasonably assumed that 
the added investment would be amply justified in 
instances where a sizable reduction in lipids content 
of meal could be achieved. 

2. Equal Residual Lipids at Lower Solvent Ratio. 
The prepared material would be extracted by Method 
B or C to a residual lipid content comparable to that 
normally obtained by using the conventional process, 
but the solvent ratio would be substantially reduced. 
The volume and flow rate of liquids to be handled 
would be lower, and thus somewhat smaller equip- 
ment units (and pumps) could be used to carry out 
the operations of filtration and miscella concentration. 
The product miscella concentration would be increased 
proportionally, and steam costs for evaporating same 
would be lowered proportionally. Where the solvent 
ratio would be lowered to a point below that required 
to produce'a flowable slurry in the No. I slurry mixer, 
a portion of the product miscella would be recycled 
to the No. 1 vessel to dilute the slurry to the desired 
consistency. 

3. Equal Residual Lipids at Equal Solvent Ratio. 
A processor could employ less severe and meticulous 
conditions for flaking, cooking, rerolling, and any 
combination of these and still achieve equal extrac- 
tion performance at equal plant capacity. This would 
permit the use of smaller and less costly equipment 
units for preparation and lower power required for 
their operation; or greater capacity could be obtained 
for units of the present size. Other benefits that would 
accrue from not having to eomminute an oil-bearing 
material as severely are that higher filtration rates 
and higher filter unit capacity would be obtained and 
the meals produced would be less dusty, thus more 
easily marketable. 

The modified bench-scale method as described herein 
can be advantageously used to determine necessary 

data for the design of a commercial plant for the 
double-soaked, filtration-extraction of any prepared 
oil-bearing material, at any required capacity rate, and 
for any percentage of residual lipids desired in the 
meal product. It is simple to carry out and should 
prove equally as accurate and reliable as the standard 
bench-scale method which has proved invaluable for 
establishing the size of etluipment units in the design 
of eonlmereial plants enlploying the conventional ill- 
tration-extraction process. 
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