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I N developing a process for  s o l ven t  extract ion of 
edible oil-bearing seeds the pr ime objects are to 
produce a superior  quali ty meal and a premium 

grade oil by economical methods. In the first pal)er 
on this subject  ( l )  the possibility of accomplishing 
these objects by the use of isopropanol as a solvent 
in tim extraction of cottonseed oil wa~s discussed. Iso- 
propanol was shown to extract  efficiently both oil 
and gossypol and to t)roduce a meal having consi(1- 
erably greater  nutri t ional  value for swine and rats 
than hydraulic  meal (2). The protein in the meal 
is not denatured in the process and therefore  may be 
used for industrial  purposes. Another  advantage  in 
the use of isopropanol for  the extract ion of cotton- 
seed oil lies in its p roper ty  of coagulat ing the fine 
meal particles which tend to cause trouble dur ing 
extraction of the oil and drying of the meal. 

When cottonseed meats are extracted with hot 91- 
95 volume per  cent isopropanol, the miseella contains, 
in addition to the oil, considerable gossypol, resins, 
color bodies, c a r b o h y ( i r a t e s ,  phospholipids, f a t ty  
acids, and lesser amounts  of sterols and toeopherols. 
The quanti ty  of non-oil extraetives, exelnsive of f a t ty  
acids, varies between 10 and 16% of the total ex- 
tract. Lower concentrations of isopropanol extract  
more carbohydrates ,  thus increasing the non-oil ex- 
tract.  I f  the solvent is s t r ipped f rom this miscella, 
some of the impurit ies will separate  as toots but a 
large amount  will remain dissolved in the oil. The 
oil will therefore be clark, difficult to refine, and have 
a high refining loss. 

When the miseella is cooled to room temperature ,  
r e l a t i v e l y  pure oil separates.  This oil is readily 
refined with a low loss. The fa t ty  acids and other 
impurit ies remain predominant ly  in the isopropanol- 
water  phase along with a significant quant i ty  of oil. 
I f  liquid-liquid extraction principles are applied to 
this phase separation, it is possible to separate  the 
oil ahuost completely f rom the non-oil extractives. 

The purpose of these investigations was to develop 
a method for efficient separat ion of a high quali ty oil 
from the isopropanol extract  of cottonseed. 

Solubility Data and Equilibrium Data 
T/~ e S y s t e  m : Isopropanol-Water-  Cottonseed Oil- 

Oleic Acid. At the s ta r t  of these investigations it 
was considered that  the f a t t y  acids would have solute 
propert ies  more similar to pure  cottonseed oil than 
the other impuri t ies  dissolved in the oil. Accordingly 
oleie acid was chosen as the key component  to be 
separated f rom the oil in developing a liquid-liquid 
extraction procedure for purification of the oil. Com- 
parat ive  solubility tests with linoleic acid have shown 
that  its solute propert ies  are almost identical with 
those of oleic acid, and it is believed tha t  the la t ter  
acid can well represent  the free f a t ty  acids normally 
occurring in cottonseed. 

~Presented at 4Oth annual meeting of the American Oil Chemists' 
Society -"flay 10-12, 194% New Orleans, La. 

: P r e s e n t  address Baroid Company, Lafay,'tte, La. 

Solubili ty data  for mixtures  of oleie acid a im caus- 
tic refined oil in isopropanol were obtained by  the 
cloud point  method. In  this method the solute is 
st irred into the solvent at constant te lnpera ture  until  
the format ion of a slight cloudiness indicates phase 
separation. All of the solubility data were deter- 
mined at  30~C. 

Data for the solubility of various mixtures  of oleie 
acid and cottonseed oil in a(ltteous isol)ropanol are 
presented in Fig. 1. The compositions of the oil and 
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acid on a solvent free basis are plotled as l)arameters 
and the spaces below the curves represent  the insolu- 
ble region. I t  may  be noted that  in order  to obtain 
a phase separat ion of mixtures  containing high acid 
concentrations, lower alcohol concentrat ions are nee- 
�9 essary. For  example, with an oleie acid of 85% the 
alcohol concentrat ion should be less than 70% to in- 
sure the format ion  of two phases. 

Equi l ib r ium distr ibution of the oil and oleie acid 
between phases was obtained by  making up a mix- 
ture of the components known to be in the insoluble 
range and permi t t ing  separat ion to take place at 
30~ The relative quanti ty,  the per cent non-vola- 
tile, the per  cent oleie acid, and the specific gravi ty  
were determined for  each phase. 

The effect of isopropanol concentrat ion on the dis- 
t r ibut ion  of oleie acid between phases is shown in 
Fig. 2, Curves 1, 2, 3. ]~'or each of these curves the 
isopropanol-water  ratio in the system was nmintained 
constant.  I t  is appa ren t  that  the degree of separat ion 
of f a t ty  acid f rom oil is very  favorable  and is greater  
with the low alcohol concentrations. Fo r  extraction 
of the acid however the lowest pract ical  concentration 
is between 60% and 70% since the density of the 
alcohol phase approaches that  of the oil phase at 50% 
isopropanol. Phase mixtures  having alcohol concen- 
t rat ions below 60% formed dispersions which were 
very difficult to separate.  

F rom the foregoing discussion, it is appa ren t  that  
the opt imum concentration of isopropanol for  separa- 
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tion of f a t ty  acid f rom oil lies between 70 and 80~ .  
l lowever  the densities of the phases are also affected 
by  f a t ty  acid concentration and approach the same 
value when the a(,id in the isopropanol-water  phase 
reaches 90% on a solvent free basis. The effeet of 
f a t ty  acid concentration on" phase densities is shown 
in Fig. 3. When this system was used for liquid- 
liquid extraction, it was found impract ical  to enrich 
the fa t ty  acids ahove 60% because of the slow rate 
of phase separatioi~. Thus while the raffinate could 
be s t r ipped of f a t ty  acids, a small amount  of oil 
would be lost in the extract.  

The System: Hexa)~e-Isopropa~wI-Walcr-Cotto)~seed 
Oil-Oleic Acid. In the liquid-liquid extraction process 
it was found advantageous to use a second solvent, 
hexane, to aid in separa t ing the, oil. ] lexane intro- 
duced into the system dissolved preferent ia l ly  in the 
oil phase and reduced its density to below tha t  of the 
isopropanol-water  phase. Hexane  also lowered the vis- 
cosity of the oil phase and suppressed emulsification. 

Soluhili ty data for various mixtures  of f a t ty  acid 
and oil in hexane and 80% aqueous isopropanol are 
shown in Figures  4, 5, 6, and 7. In  these diagrams 
the soluble regions a re  represented by areas in the 
uppe r  left hand sides and lower r ight  hand sides. In  
the extract ion tests it was found that  with isopro- 
panel (~oneentrations above 80';~ the mutual  solubil- 
it3" of the phases was too great  for practical operation. 
The dis tr ibut ion of oleie acid between the oil-hexane 
phase and isopropanol phase is shown in Fig. 2, Curve 
4. For  these determinations the composition of the 
mixture  was 10% non-volatile matter ,  2070 hexane, 
56~:~ isopropanol, and 14% water. The per  cent oleic 
acid in the non-volatile ma t t e r  was var ied between 
0~;~4; and 100%. Although the distr ibution ratio is 
not as favorable as for the hexane free system, it is 
still very good�9 V a r i a t i o n  in specific g rav i ty  for 
these equil ibrium phases is shown in Fig. 8. The 

data  show that  this system may be utilized to sep- 
arate  efficiently oleie acid from cottonseed oil and 
the oil f rom the acid. 

Liquid-Liquid Extraction Tests 

The liquid-liquid extraction tests were made in a 
2-inch I. D. glass column packed for 10 feet with 
:~-ineh glass Raschig rings. A photograph of this 
column is shown in Fig. 9. The column was operated 
on a continuous basis with mixed miscella being fed 
into the center of the eohmm, hexane being fed into 
the bottom of the column and water  or dilute iso- 
propmml fed into the top of the column. During 
operation of the column the hexane-oil phase moves 
up and the isopropanol-water phase moves down. In  
the top section the fa t ty  acids and other dissolved 
impurit ies are s tr ipped from the oil-hexane s t ream 
by the isopropanol-water phase. In the bottom see- 
lion neutral  oil is s t r i p p e d  f rom the isopropanol- 
water  phase by  hexane. 
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The best operat ing conditions for the extraction 
were found to be as follows: a miscella rate provid- 
ing 1 lb. per hour of non-volatile material,  fed to 
ttle center of the column; 1 to 2 lb. per hour of hex- 
ane, fed inlo the bottom of the cohmm, amt sufficient 
water  or dilute alcohol, fed in the top to produce 
10-12 lb. per hour of alcohol phase moving down the 
eolunm. The feed rat(, was adjusted so lhat the con- 
eentration of aleohol in the eohmm was 70%. The 
tempera tures  of feed streams were adjusted to give a 
column tempera tu re  of 30~ Operat ing with the oil 
phase continuous gave the most sat isfactory results. 

Results of a typical  liquid-liquid extraction rut) 
are given in Table I. In  this run the miseella con- 
tained 9.95% non-volatile mat te r  dissolved in 9;I v o f  
ume per cent isopropanol. The eohnnn feed rates 
were as follows: miscella 10 lb. per hour, hexane 1.8 
lb. per hour, and water  2.6 lb. per hour. The oil-hex- 
ane raffinate contained 37% non-volatile material  and 
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t 'mu. 4, 5, 6, 7. Solubility (~UI'VeS for oleic acid-cottonsee, d oil 
mixtures in hexane and 80% isopropanol. 

the isopropanol-water extract 0.70% non-volatile nm- 
terial. The analysis shows that the free fa t ty  acid 
in the oil was reduced from 5.1% to 1.1% and the 
gossypol reduced from 1.0% to 0.2%. Other non-oil 
materials were reduced to an amount too small to 
measure accurately. The oil produced was dark in 
color. A sample of the oil from this run was evapo- 
rated to a volatile content of 0.6% and was refined 
in the l a b o r a t o r y  using the s tandard slow break 
method for hy(h'aulie cottonseed oil (5). The results 
were a refining loss of 3.2% and a refined coh/r of 
35 yellow and 5.2 red. The oil bleached (6) to a 
color of 20 yellow and 2.1 red. The soap stock pro- 
dueed was firm and did not yield any additional oil 
(m reheatirig. Oil produced by this process appears 
to be very stable. Samples of it were stored for a 

period of six months without showing an appreciable 
increase in fa t ty  acid content or developing a rancid 
odor or taste. 

The isopropanol-water extract was analyzed in an 
at tempt to determine the amount  of neutral  oil lost, 
but  the quant i ty  was too small for any accurate deter- 
ruination. The solvent-free extract appeared to ]neet 
the m i n i m u m  requirements for merchantable soap 
stock (7). 

Discussion 
The Complete Ext'raction Process. A flow diagram 

of the process for the extraction of eottonseed oil 
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Ft(i. 9. IAquid-liquid extraction apparatus  

with 91% isopropanol, separation of oil from the 
miscella by liquid-liquid extraetion, and solvent I'e- 
covery is shown in Fig. 10. In this process solvent 
economy may be attained by cooling the miscella to 
obtain phase separation and recycling a portion of 
the alcohol-water phase. Tiffs phase contains from 
5-9% non-volatile matter  of which about half is neu- 
tral oil. The remainder of this phase and thc oil 
phase are fed to the liquid-liquid column. Raffinate 
emerging from the top of the eohtmn is stripped of 
hexane to recover the oil, and the hexane vapors 
are condensed and returned to tile colunm. Extrac t  
from the bottom of the column contains about 5% 
hexane. This is evaporated, and the solvent vapors 
concentrated in a conventional ' rectif ication system. 
The small amount of hexane may be separated in a 
small azeotropie column, Which can also be used to 
fur ther  concentrate isopropanol if desired. 
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Tile relative <tuantity of each s t ream will va ry  with 
the results desired and with the composition of the 
raw mater ia l  fed to the extractor.  I f  a meal, very 
low in both oil and gossypol is desired, the recycle 
s t ream to the extractor  would be reduced and the 
total input  of solvent increased. This in turn  would 
result  in a large quant i ty  of dilute miscella being 
fed to the liquid-liquid extraction unit.  In  this case 
the top feed would be water  in sufficient quant i ty  
to reduce the i sopropano l :wa te r  ratio to tile desired 
anmunt.  ] f  maximum heat economy is desired, the 
recycle s t ream from the decanter to the extractor  
would be increased. The resul tant  feed to tile liq- 
uid-liquid extractor  would contain a higher concen- 
t ra t ion of non-volatile mater ial  and the top feed 
wouhl be dilute isopropanol-water  solution in a quan- 
t i ty  jus t  sufficient to reduce the f a t ty  acids and the 
non-oil materials  in the neutral  oil to the desired con- 
centration. When meats f rom seeds having a high 
fatLv acid content are extracted, the total quant i ty  
of the alcohol phase in the liquid-liquid extraction 
column would have to be increased to secure satis- 
fac tory  separation. I t  has been found that  the ratio 
of hexane feed to neutral  oil feed in the liquid-liquid 
extraction column should be mainta ined in the range 
of 1 : ]  to ] : 2 .  If the ratio is too low, the difference 
in the specific gravity of the two phases is too small 
to permit  sat isfactory operation of the column. I f  
the ratio of hexane to neutral  oil is too high, the 
f a t t y  acids are extracted f rom the isopropanol phase 
and consequently the concentration of the f a t ty  acids 
in the overhead is increased. 

I t  is believed that  the limit of this system has not 
been reached and that  with more efficient equipment 
and a fu r the r  s tudy of the variables the liquid-liquid 
purification of tile oil may  be much improved. 

Summary  
I t  has been shown in the work reported previously 

(1, 2) that  it is possible to extract  the oil from cotton- 
seed to produce gossypol-free meal of superior value. 
The miscella produced by  this process contains the 
oil, free f a t ty  acids, gossypol, and other non-oil mate- 
rials. Solubili ty and distr ibution data have been es- 
tablished for the systems isopropanol-water-cottonseed 
oil and oleic acid and isopropanol-water-cot tonseed 
oil-oleic acid-hexane. Using these data as a basis, a 
liquid-liquid extraction system has been developed 
which permits  the set)aration of the miscella into a 
stable purified oil and a mixture  of the free fa t ty  
acids, gossypol, phospholipids, sugars, and other non- 
oil materials.  The process is sufficiently flexible to 
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permit  the extraction of cottonseed of variable free 
f a t ty  acid content and to produce a product  of con- 
trolled uniformity.  
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Rapid .Method of Copra Analysis and Its Application to the 
Various Oil Seeds 
ARTHUR F. PINTO and JOSEPH D. ENAS, El Dorado Oil Works, Oakland, California 

T I I E  analysis of copra presents a number  of diffi- 
culties which must  be overcome if dependable 
results are to be obtained. Most copra is highly 

variable in quality, such that  in a sample sack, rep- 
resenting hundreds  of tons, it would be difficult to 
find two pieces exactly alike. Spoilage, which causes 
the free f a t t y  acids and color of the oil to be highest 
where the damage is most prommneed,  sets in on the 
imler surface and progressively works outwardly  to- 
ward the side whieh was at tached to the shell. To 
make mat ters  worse tile fines, which arc highest in 
free fa t ty  acids and lowest in oil content (1, 2), must  
be uni formly  incorporated in the sample in order  
that  results may  be consistent and reliable under  any  
method of analysis. Pieces of coconut shell in the 
sample too must  be reduced to small particles and 
likewise uni formly  distr ibuted.  

Because of its high oil content copra cannot  be 
ground by the ord inary  labora tory  mills without  dis- 
lodging oil or otherwise render ing the sample unsuit- 
able for  all determinations.  Nails, bolts, bottle caps, 
gravel, etc., are also a detr iment  for  even under  care- 
ful  scrut iny these things occasionally slip through, 
fu r the r  rendering labora tory  mills unfit because they 
were not designed to handle such a mixture.  

Considering the type of mater ia l  and tile tonnage 
it represents,  the selected representat ive sample to be 
extracted must  be large and its extraction complete, 
or very  near ly  so, in order tha t  the results of the 
analysis may  be reproducible and represent  the qual- 
i ty of the lot as a whole. Ext rac t ion  too must  be cold 
and rapid to prevent  any  possible change in the free 
fa t ty  acids and color of the oil dur ing an otherwise 
hot and prolonged extraction. Rapidi ty ,  simplicity, 
and a minimum of manipula t ion are also desirable 
for  many  reasons, such as accuracy, t ime saving, 
and the p rompt  avai labi l i ty  of results when they 
are quickly needed. 

All the above problems have been s u c c e s s f u l l y  
solved by  the new method, made possible by  the de- 
velopment of new equipment  and some improvements  
on other heretofore in nse. Among other things the 
method employs a specially equipped blender, or 
mixer  for the t r i tura t ion  of the mater ia l  and extrac- 
tion of the oil by  means of a suitable solvent, and 
the removal of the solvent f rom the oil by  the appli-  
cation of heat  and vacuum simultaneously. F u r t h e r  
details will be given later  in conjunction with the 
various steps of the procedure. Tile use of a mixer  
for  the extraction of oil f rom oil seeds in the presence 

of a solvent is not new. We began using the Whiz- 
Mix blender  for  this purpose in 1941 and in the inter- 
vening time various publicat ions have reported the 
use of the War ing  Blendor in oil and fa t  extraction 
( 3 , 4 , 5 , 6 ) .  

Although the extract ion of samples, large or small, 
is rapid  by  the new method, total extraetion is more 
nearly complete in 10 mimates than it is with one of 
the best extractors,  now in use, in an eight-hour 
period. We have run mmaerous samples by  the Gold- 
fisch Method and the Rapid Method for comparison 
and in all eases extract ion was best hy the lat ter  
method in spite of the fac t  that  samples 15 times 
larger were used and t ime of extraetion only 10 min- 
utes instead of eight hours by  the former  method. Re- 
sults are shown in Table [. 

Comparison with the Soxhlet, Smalley, and But t  
extractors  was not obtained because these extractors  
are kndwn to be slower than tile Goldfiseh extractor.  
In  a 21-hour extraction period however the Soxhlet 
and the But t  compared favorab ly  with the latWr 
extractor  (7).  

The bet ter  results obtained by  the new method of 
course are based oil the fact  that  no channeling is 
possible on account of the vigorous agitat ion and the 
copra meal becomes so fine by  the t r i tu ra t ion  that,  
a f te r  filtering, washing with solvent, and drying,  it 
can pass through a No. 100 sieve. 

The rap id i ty  of the method makes it possible for  
a chemist, a f te r  the copra is chopped, to tu rn  out the 
complete analysis of a sample, comprising moisture, 
oil content, color, and free f a t ty  acid determinations 
in two hours, and if there are several samples to be 
run  together,  the t ime consumed per  sample is re- 
duced to about  one hour. 

The method also makes possible the extract ion of 
large amounts  of oil, such as four-ounce bottles, to 
be sent to interested par t ies  before actual  crushing 
takes place. The method is likewise suitable for  the 
rapid  extract ion of expeller cake. Results have been 
compared with those obtained with the Goldfisch ex- 
t rac tor  and are shown in Table I I .  

Since the equipment  used is in large par t  new, a 
br ief  description thereof will be presented to famil- 
iarize the reader  before passing on to the analytic.al 
procedure.  

The Copra Chopper. This chopper,  shown in Fig- 
ures 1 and 2, is a machine sinlilar to a hammer  mill, 
but  instead of hammers  it. has fixed steel blades, the 
cut t ing edges of whieh have been made extremely 


