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additivqs, ? tend to give fluid or very slow-drain- 
ing films:~i Q~gested from the available data. 

a) ([J~ �9 "al it  appea r s  t h a t  aqueous  solut ions  of pu re  
d e t e r g % :  )~ fe fluid films which  show re la t ive ly  f a s t -d ra in -  
age  ra t  r .... 

b).  S ~ ' ~ e t e r g e n t s  to which  ce r ta in  types  of  o rgan ic  
polar -~bi~pounds  are  added  give very  s low-dra in ing  films. 
Such de t e rgen t s  genera l ly  con ta in  a n o r m a l  s a t u r a t e d  hy-  
d rocarbon  cha in  of a t  leas t  12 ca rbon  a t oms  wi th  u hy- 
drophi l ic  g roup  in the  t e r m i n a l  or  in  the  be ta  posi t ion.  
Example s  are  soaps  ( sod ium sa l t s  of  long  s t r a i g h t  c h a i u  
f a t t y  ac ids) ,  sod ium n o r m a l  p r i m a r y  alcohol su l f a t e s  as 
well as the  sod ium paraff in 2-ol su l fa tes .  

c) The organic  polar  addi t ives  which  t end  to give slow- 
d r a i n i n g  films have  essen t ia l ly  s imi la r  hydrophobic  s truc-  
tu ra l  charac te r i s t ics  to the  de t e rgen t s  descr ibed in  b)  
above. However  they  are  re la t ive ly  insoluble  in  wa te r  
and  in the  presence of  de t e rgen t  m a y  f o r m  non-gaseous  
(condensed)  types  of  su r f ace  films which  have  h igh  sur-  
face  viscosi ty.  Mos t  of  these  addi t ives  however a re  pro- 
ab ly  solubil ized by  the  de t e rgen t  solution.  I t  is pos tu l a t ed  
t h a t  the  ex ten t  o f  solubi l izat ion should  no t  be so g r e a t  as  
to in t e r fe re  wi th  adsorp t ion  a t  the  a l rd iqu id  i n t e r f ace  
(film or f o a m ) .  Typica l  examples  a re  f a t t y  acids  and  
long  s t r a i g h t  cha in  p r i m a r y  alcohols as well as 1,2-diols. 

d)  On the  other  hand ,  there  a re  some t ypes  of  deter- 
gen t s  which a p p a r e n t l y  give fluid films when  the  above 
organic  addi t ives  a re  present .  I n  these  cases  the  hydro-  
phobic  p a r t  of  the  de t e rgen t  m a y  have  a h igh ly  b ranched  

chain,  a cyclic s t ruc ture ,  or u n s a t u r a t e d  g roups  (cis f o r m ) .  
E x a m p l e s  are  sod ium secondary  alcohol su l f a t e s  w h e r e  the  
s u l f a t e  g roup  is f u r t h e r  f r om the  end of  the  cha in  t h a n  
t he  be t a  posi t ion,  sod ium alkyl  a ry l  su l fona tes ,  and  sod ium 
sa l t  of  oleyl der iva t ive  of me thy l  taur ine .  

e) A va r i e ty  of  organic  addi t ives  do no t  give slow-drain- 
i ng  films when  added  to solut ions  of de t e rgen t s  descr ibed 
unde r  b ) ,  and  t he se  addi t ives  have  s imi la r  s t r uc tu r a l  char-  
ac ter i s t ics  to t he  de t e rgen t s  descr ibed unde r  d) .  W h e n  no 
polar  g roup  is p re sen t  in the  addi t ive,  the  film remains  
fluid. S a t u r a t e d  and  u n s a t u r a t e d  hydroca rbons  are  typ ica l  
examples .  Cyclic alcohols (hydroabie t ic  and  lanol in  alco- 
hols)  do no t  f o r m  slow d r a i n i n g  films and  a m o n g  the  un- 
s a t u r a t e d  p r i m a r y  alcohols, oleyl alcohol ha s  no effect, b u t  
elaidyl  alcohol does t end  to slow down film dra inage .  This  
a g a i n  shows t h a t  u n s a t u r a t e d  compounds  (of the  cis f o r m )  
do no t  give s low-dra in ing  films. 
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Isopropanol as a Solvent for Extraction of Cottonseed Oil 
III. The Use of Recycling to Effect Solvent Economy 
W. D. HARRIS and J. W. HAYWARD, Department of Chemical Engineering, 
A and M College of Texas, College Station, Texas 

E XTRACTION of oil and other substances from 
cottonseed meats with isopropanol  has been 
shown to produce a meal of superior nutritive 

value for swine as compared with the average meal 
obtained by hydraulic methods. When isopropanol 
was used to extract the oil, free gossypol in the meal 
was reduced to a safe level for consumption by single- 
stomached animals (1). Subsequent tests show that 
the meal may be safely fed to laying hens without 
lowering productivity or causing the stored eggs to 
become off-color. 

Since isopropanol extracts gossypol and other com- 
pounds as well as oil from the meal, the extracted 
matter may contain as high as 10 to 15% non-oil 
material. This material includes significant quanti- 
ties of carbohydrates ,  gossypol, and resinous sub- 
stances related to gossypol in addition to the fat ty 
acids, phosphatides, and sterols normally occurring 
in crude oil. In previous work a s tudy of the phase 
relationships of oil and other substances in aqueous 
isopropanol has shown that the oil may be separated 
from the miscella substantially free of impurities (2). 
Liquid-liquid extraction principles may be used to im- 
prove the efficiency of this separation and prevent loss 
of oil with the impurities. 

Although isopropanol has many advantages as a 
solvent for extraction of vegetable oils, it has several 
serious disadvantages. The latent heat of vaporiza- 
tion is nearly double that of hexane. In addition, it 

* The research pro~ects on "Isopropanol as a Solvent for Extraction 
of Cottonseed Oil" at A. & ~f. College of Texas are sponsored by the 
Texas Engineering Experiment Station and The Cotton Research Com- 
mittee of Texas, College Station, Texas. 

1 Presented at the fall meeting, American Oil Chemists' Society, Oct. 
31-Nov. 2, 1949, Chicago, Ill. 

forms a constant boiling mixture with water at 91% 
by volume. To obtain higher concentrations, a spe- 
cial process, such as azeotropic distillation is required; 
therefore it is desirable to use 91% isopropanol for 
extractions. On the other hand, 91% isopropanol has 
a low solvent capacity for oil, and the miscella is 
limited to about 10% extractables. This requires a 
high solvent-to-meats ratio which, when combined 
with the high latent heat, causes steam requirements 
for the process to be high. 

To reduce heat requirements, acetone was consid- 
ered as a substitute for isopropanol and was tested 
in parallel extraction runs: Acetone has a low latent 
heat and can readily be concentrated by simple recti- 
fication. Its disadvantages are a considerably greater 
fire hazard, though not greater than hexane, and some- 
what higher cost. 

The primary objective of this work was to deter- 
mine the advan tages  which might be obtained by 
cooling the miscella to separate a solvent phase from 
the oil and recycling this phase back through the rich 
end of the extractor. This principle has previously 
been tried with ethanol and mixtures of ethanol and 
isopropanol (3, 4). However it was desired to de- 
termine the effect of recycling on fresh solvent re- 
quirements and extraction efficiency as well as on 
the products, oil and meal. 

Procedure 

Examination of the solubility curves for isopro- 
panel-water-cottonseed oil at 30~ and 70~ (Fig- 
ure 1) shows a high increase in oil solubility with 
a concurrent temperature rise for 91% isopropanol. 
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This is indicated by  the dotted line or iginat ing at 
91% isopropanol. Similar ly in F igure  2, the oil solu- 
bil i ty shows a max imum variat ion with t empera ture  
when dissolved in 95% acetone. Fo r  these reasons 
91% isopropanol and 95% acetone were used in the 
recycle extract ion tests. 

,pA 

Fro, I. 

Extract ions  were conducted in a small continuous, 
countercurrent ,  screw extractor  which has been de- 
scribed in an earlier paper  (1). Runs were made 
with isopropanol and acetone, using both s t raight  ex- 
t ract ion and recycling. Data  were also obtained for  
a s t ra ight  extract ion run  with hexane for  comparison. 
All runs  were conducted for  a period long enough to 
assure constant  operat ing conditions. 

A flow diagram (F igure  3) shows the a r rangement  
for  recycling the solvent phase of the miseella. The 
hot miscella was cooled in an exchanger to 80-85~ 
and the phases continuously separated in a five-gallon 
glass bottle. The top or solvent layer  was pumped  
through a flowmeter, then a reheater,  and back into 
the approximate  center of the extract ion section. 

Cottonseed meats  were p repared  for the tests by  
adjus t ing the moisture to approximate ly  10% and 
then rolling to about  0.006-inch flakes in flaking rolls. 
The meats  feed rate  for  all runs  was 10 pounds per  

AGETONE 

ACETONE'WAT~R 

,2 G.S. OIL WATER 

Fro. 2. 

hour, which gave an est imated residence time of ap- 
proximate ly  1.25 hours. Ext rac t ion  tempera tures  were 
70~ for  isopropanol and 50~ for  acetone, and a 
high solvent recycle rate  of 60 pounds per  hour was 
mainta ined since this favored extraction. 

The minimum feed rate  of f resh solvent was deter- 
mined by  decreasing the flow in increments unti l  the 
oil content of the meal was increased. The increase 
was very  sharp below a solvent-to-meats rat io of 1:1. 

A comparison of solvent requirements  for  extrac- 
tion runs, u s i n g  i s o p r o p a n o l  and acetone with and 
without  recycle, is shown in Table I. The residual oil 
in the meal for  these runs  was below 1.0% except the 
recycle acetone run. Here  the fresh solvent ra te  was 
slightly below the min imum feasible value, and the 
residual oil in the meal was 2.8%. Actual ly  no excess 
solvent phase was produced in this run  and only an 
oil phase of 65% oil was removed as product .  

TABLE I 
So~ven~ and Heat t~cq~irements for Various Oottonseod 

Oil Extraction Methods 

~tatio, 
solvent/meat 

Solvent to dryer, 
lb./lb, mea~s 

Solvent in miscella, 
lb./lb, meats 

Calculated steam, 
lb./lb, meats 

93% 

_ _  Run 

1.64:1 I 3:1 

0.68 / 0.68 

Recycle 

111 

0.67 

0.33 

0.86 

95% 
Aee~ne 
Straight 

Run 

3:1 

0.67 

2.32 

0.77 

95% 
Acetone 
RecycIe 

0.9:1 

0.73 

0.17 

0.23 

The quant i ty  of solvent retained by  the meal en- 
ter ing the dryer  was the same in all cases except 
for  the recycle acetone run. The heat required for  
preheat ing fresh solvent and recycle solvent was not 
included since this could be obtained f rom solvent 
vapors.  This would also save cooling water.  

C a l c u l a t i o n s  for  s team requirements were made 
only for  heat ing and evaporat ing solvent in the d ryer  
and f rom the miscella. Hea t  requirements  for  the re- 
cycle runs  are shown to be comparable  to s t ra ight  
extraction with hexane. 

Port ions of the oil phases separated f rom the iso- 
propanol  and acetone miscellas were countercurrent ly  
extracted with fresh solvent in a small glass column. 
The purpose was to observe to what  extent the re- 
fining loss could be reduced by  a more efficient sep- 
arat ion of impuri t ies  having greater  solubili ty in the 
solvent phase than  the oil. All of the oils produced 
were s t r ipped free of solvent, refined b y  the s tandard  
cup method, and bleached. The results are shown in 
Table I I .  

These figures show considerably lower losses for  
the alcohol- and acetone-extracted oils, par t icu lar ly  
those which had been washed with fresh solvent. The 
higher colors shown by  some samples are a t  least 
pa r t ly  due to lack of enough oil to determine proper  
refining concentrations ra ther  than  poor oil quality. 

Analyses for  the meals are shown in Table I I I .  The 
high free gossypol content of the hexane meal is due 
to the fact  that  it had not been heated or cooked. The 
hexane-extracted meal was lightest in color while the 
recycle meals were darkest.  There is evidence tha t  
considerable gossypol is bound in some form, in the 
recycle meals, ra ther  than  extracted. 
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TABLE I I  

Refining Losses and Color of Extracted Cottonseed Oils 

Method of Preparat ion 

Free fatty acid ......................................... 91% I . P . A .  

93% I . P . A .  91% I . P . A .  91% I . P . A .  Recycle 95% Acetone 
Hexane Straight Recycle Recycle L-L Treated 95% Acetone Extracted 

Exbracted Ran  Extracted L-L Treated ~vitk Extracted 0il Layer  
L L Treated 0il Layer  with 70% I. P.A.  Oil Layer  L-L Treated 

70% I. P.A.* and ttexane* 90% Acetone* 

2.0 1.3 1.~ .53 .65 1.1 0.16 
Refining loss . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 8.5 3.0 5.0 3.6 4.0 5.0 3.5 

4.4~ 5.5 5.2 4.5 5.0 3.4 Refined color . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.2 
Bleached color . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.8 2.6 2.0 1.5 2.1 2.9 1.7 

All analyses according to A.0.C.S, methods. 
* For Extraction Procedure see Har r i s  and Hayward,  J.A.O.C., 26, 719-723 (1949).  

D i s c u s s i o n  
In  recycling the solvent phase back through the ex- 

t rac tor  the impuri t ies  tend to build up in this phase. 
In  general, this tends to decrease the solubility of 
the oil; however, with seed containing a high per- 
centage of free f a t t y  acids the solubility of the oil 
in the solvent phase :may be increased. 

TABLE III 

Comparison of Cottonseed Meals 

Classified by Extraction Method 

P 91% 
Hexane 93% 95% I I P A 

- - I  I ' P ' A ~ '  I A~cet~ I Recyc l~  _ _  

Per cent moisture ......... J 10.0 [ 10.2 [ 7.8 I 11.0 
P e r c e n t o i l  ................... ] 0.57 I 0.92 [ 0.95 j 0.59 
Per  centgossypol .......... I 0.98 [ 0.010[ 0.0331 0~0~9 

95% 
Acetone 
Recycle 

10.7 
2.80 
0.060 

The moisture content of the meats  fed to the ex- 
t rac tor  was approximate ly  in equil ibrium with 91% 
isopropanol and only slightly above equil ibrium with 
95% acetone. For  this reason, water  content  of the 
solvent changed only slightly dur ing extraction. Most 
of the water  in the meats  is carr ied into the dryer  
where some was driven off with the solvent and some 
remained with the meal. The dryer  condensate con- 
tained about  2.0% more water  than  fresh solvent, 
while the solvent recovered f rom the miscella had  
been diluted less than  1.0%. Volatile ma t t e r  in the 
meals ran  f rom 8 to 11%, and this was believed to 
be essentially water  since they were free of solvent 
odor. 

A solvent-to-meats ratio of 1:1 produces some sol- 
vent phase as product  in addit ion to the oil phase. 
This may  be termed a "b l eed  s t r e a m "  since it is rich 
in impuri t ies  including f a t t y  acids, phospholipids, and 

FRESH ~ -  ~-'-'-SOLVENT 
MEATS 

I DRYER J[ 

l J 

SOLV'ENT 
MAPORS 

EXTRACTION FLOW DIAGRAM SHOWING RECYCLING 

F I G .  3. 
10/1414g 

sterols n o r m a l l y  occurring in crude oils. Af te r  sol- 
vent evaporation,  the nonvolatile mat te r  could be sold 
as soapstock, or utilized for  by-product  recovery. The 
amount  of oil lost in this "b leed  s t r e a m "  is dependent  
on the quant i ty  of solvent phase produced and on the 
f a t t y  acid content of the seed. 

TABLE IV 

Distribution of Oil 
91v~ Isopropanol Extraction of Cottonseed 

Using Recycle 

Products a 

P I f Solvent[ Oil 
Layer  

Meats Meal Miscella Layer  ~iscella 
- - I  I ( T o ) ( B o t t o m )  

Pounds  oil ............................... 24.31 .41 1.33 b 24.11 b,r 
P o u n d s F . F . A  ......................... J .55 J .01 { .34 [ ,20 

a Basis: I00  lb. meats containing 8 per  cent moisture, 24.86 per cent 
oil~ 4.5 per cent fatty acids, by A.O.C.S. Analysis. 

Includes  non-oil materials exclusive of fatty:acids. 
e Refining loss 5 per cent. 

An "o i l  ba l ance"  for  the recycle isopropanol run  
is presented in Table IV. This is based on a mater ia l  
balance for  eight hours of constant  operation. The 
totals for  the meats and meal columns were obtained 
b y  petroleum ether extractions of the samples, and 
the totals of the solvent  layer  and oil l ayer  columns 
were calculated f rom the nonvolatile ma t t e r  in these 
products.  The actual  neut ra l  oil in the solvent layer  
could not be determined by  the Wesson method, and  
a mater ial  balance shows it to be very  small. A sum- 
m a r y  of this table shows tha t  of 24.86 pounds of 
petroleum ether soluble oil and free f a t t y  acids ex- 
t racted f rom 100 pounds of meats, 24.31 pounds were 
obtained as crude oil. Based on the A.0.C.S.  refining 
loss method, 23.1 pounds of p r ime grade refined oil 
would be obtained. This represents  a yield of edible 
product  amount ing to 92.9% of the original  oil in the 
meats. 

The results of this work show tha t  i t  is possible to 
use a par t ia l ly  miscible solvent, such as acetone or 
isopropanol, with recycling to effect considerable sol- 
vent  economy. The use of a water  and oil miscible 
solvent such as isopropanol or acetone will permi~ 
reduction of free gossypol in the meal and an efficient 
recovery of neutra l  oil. 
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