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T H E  mutual  solubility of glyceridie oils with the 
lower aliphatic alcohols is comparatively low at 
room temperature  but  increases with rise in tem- 

perature  unti l  they become completely miscible. This 
fact  has been made the basis of a proposed process 
for  the extraction of oil from soybeans (2, 3, 4, 10, 11) 
and, more recently, from cottonseed (1, 5, 6, 7 ,8) .  The 
oil is extracted from the flaked oilseed by means of the 
hot alcohol, and when the resulting homogeneous rots- 
celia is cooled, it breaks into two liquid layers, one 
having a very  high oil concentration and the other a 
very low oil concentration. The major pa r t  of the sol- 
vent  can thus be removed from the miscella without 
distillation and the solvent-rich layer may be recycled 
over fresh flakes. The presence of water  in the system 
raises the temperature  at which complete miscibility 
between the oil and the solvent is reached and also 
affects the concentration of the two liquid phases 
which separate on chilling. The purpose of the pres- 
ent investigation was to obtain basic solubility data 
pertaining to the use of ethyl and isopropyl alcohols 
in the extraction of oil f rom cottonseed by the pro- 
posed process thus augmenting previously reported 
data (5, 6, 7, 8) which cover only a portion of the 
range and which were based in par t  on t i t r a t i o n  
methods. The data repor ted below were  obtained by 
equilibrium methods and include, on the one hand, 
mutual  solubility data for  cottonseed oil in various 
aqueous solutions of these alcohols and, on the other, 
t ie-line data for  the te rnary  cottonseed oil-alcohol- 
water systems. 

A commercial refined and bleached cottonseed oil 
was used, having a Wijs  iodine value of 108 and a 
free f a t ty  acid value (as oleic) of 0.46%. Absolute 
2-propanol was prepared from analytical grade re- 
agent by  refluxing and distilling from calcium oxide 
followed by  fractionation in a Podbielniak column. 2 
I t  had a density corresponding to 99.96% by weight 
(9).  The absolute ethanol (99.26% by weight) was 
a portion of a batch which had been purified for  
use as a spectroscopic solvent. T h e  various aqueous 
alcohols were prepared by  dilution of the absolute 
alcohols. Their  exact concentrations were determined 
by  accurate pyenometric density measurements. All 
concentrations are expressed in weight percent. 

Mutual Solubilities 

Mutua l  so lub i l i ty  data were determined for cot- 
tonseed oil and various aqueous alcohols as follows: 
90.7%, 94.4%, and 99.3% ethanol, and 90.8%, 96.1%, 
and 99.9% 2-propanol. The determinations were made 
by  the static sealed-tube method. For  each composi- 
tion, weighed amounts of cottonseed oil and the de- 
sired alcoholic solvent were sealed in a glass tube. 
A glass bead was included to ensure efficient st irr ing 

1One of the  l abora to r ies  of the  B u r e a u  of Agr i cu l t u r a l  and  I n d u s t r i a l  
Chemis t ry ,  Agr i cu l t u r a l  R e s e a r c h  Admin i s t r a t i on ,  U.  S. D e p a r t m e n t  of 
Agr i cu l tu re .  
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as the sample tubes were turned  end-over-end in a 
constant temperature  bath. Two temperatures  a few 
tenths of a degree apart  were found, one at which the 
mixture was entirely homogeneous and the other at 
which two liquid phases or a slight tu rb id i ty  persisted 
af ter  prolonged agitation. The mean of these two 
temperatures corrected for both thermometer calibra- 
tion and emergent stem was taken as the solubility 
temperature  for the given oil-solvent composition. Ex- 
cept for  certain ranges of concentration, as mentioned 
later, the solubility temperature  was reproducible to 
within • 0.2eC. 

The data are given in Table I and are represented 
graphically in Figure  1. The broken curves indicate 

TABLE I 

:Mutual  Solubil i ty Data,  fo r  Cot tonseed Oil in Aqueous  Ethano l  
and A queous  2 -P ropanoI  

Oil Solubil i ty  
content t empera -  
wt. ,  % ture ,  ~ C. a 

9 9 . 2 6 %  Ethano l  

2.87 15.2 
�9 11.15 51.5 

18.29 6 1 . 7  
41.63 72.4 
49.35 71.0 
58.49 66.2 
66.91 60.7 
79.22 45.8  
87.13 29.0 
94.44 8.9 

Oil Solubil i ty  
content t e mpe r a  - 
wt.,  % ture ,  ~ 

Oil [ Solubility 
content t empera -  
wt ,, % tare, ~ C,a 

94 .4% Ethano l  

2.05 47.9 
6.13 72.7 

10.35 82.0 
19.51 92.3 
28.19 98.7 
38.63 100.3 
49.37 99.1 
59.06 96.9 
69.52 90.5 
79.62 77.8 
94.75 40.8 

9 0 . 7 %  E thano l  

2.12 67.4 
5.50 90.0 

10.31 104.8 
19.61 114.6 
27.24 119.0 
39.19 122.8 
49.29 122.9 
58.73 122.7 
68,82 118.9 
79.35 107.1 
90.13 84,4 
95.11 63,2 

9 9 . 9 6 %  2 -Propano l  9 6 . 1 %  2 - P r openo l  9 0 . 8 %  2 -P ropano l  

10.95 12.7 
18.97 20.6 
2'9.48 24.6  
40.03 26.8 
51.66 24.2 
56.32 22.7 
68.64 17.0 

b 80.00 ...... 
89.96 ...... b 

9.82 24.9 
20.28 35.8 
29.97 40.6  
39.83 42.4  
49.34 41.0 
60.16 37.7 
70.20 32.1 
79.71 21.7 
8 9 . 9 4  ...... b 

g .87  22.8 
10.14 49.1  
19.34 60.0 
29.43 66.2 
39.66 70.2 
49.26 72.2 
58.81 74.3 
67.04 73.7 
79.68 67.2 
89.10 50.9 
94.06 33,0 

a M i n i m u m  t e m p e r a t u r e  at  wh ich  m i x t u r e  exis ts  as  a clear homogene-  
ous l iquid.  

b Solid separa tes .  

the temperatures  above which the equilibrated mix- 
tures were turbid  but  would not separate into two 
liquid layers when agitation was stopped. In  this 
range of concentrations the solubility temperature  
values, shown by the full  lines, were less precise be- 
cause the disappearance of the turb id i ty  with rise 
in temperature  was very  gradual. However the tern- 
perature  determinations were still reproducible to -+- 
0.5~ Outside this concentration range the separa- 
tion into two distinct liquid phases was relatively 
sharp and no region of tu rb id i ty  was encountered. 

The maxima in the mutual  solubility curves, i.e., 
the critical solution temperatures  and compositions, 
were found by the method of Okatomo (10), which 
is based on the Cailletet and Mathias principle. The 
ethanol curves are fair ly symmetrical and centered 
in the diagram while the 2-propanol curves are less 
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l~m. 1. Limiting solubility curves for cottonseed oil in 90.7, 
94.4, and 99.3% (by weight) ethanol and 90.8, 96.1, and 99.9% 
2-propanol: , complete homogeneity; , disappear- 
ance of two-liquid-layer formation; O, data of Harris e t  al. (8) 
for 95.6% ethanol; and X, data of Okatomo (10) for soybean 
oil with 99.5% and 90.3% ethanol. 

centered and that  for  90.8% 2-propauol is relat ively 
unsymmetrical .  The data of Okatomo for  soybean oil 
with 99.5% and 90.3% ethanol, represented by  the 
crosses in F igure  1, show good agreement  with the 
curves for  99.3% and 90.7% ethanol. I n  the l ight of 
the high degree of unsa tura t ion  of soybean oil as 
compared to cottonseed oil ~his suggests tha t  these 
mutua l  solubility curves may  be applicable to other 
vegetable oils over a wide range of iodine values. 
Previously published solubility data  (5, 8) for  cotton- 
seed oil in constant boiling (95.6%) ethanol and in 
constant boiling (87.9%) 2-propanol have been plot- 
ted as solid circles in F igure  1. The ethanol data  are 
obviously at  variance with the present  results, bu t  
the 2-propanol values can be shown by  extrapolat ion 
to be in fa i r  agreement.  

The critical solution t e m p e r a t u r e  rises wi th  the 
moisture content of the alcohols (F igure  2). Fo r  
ethanol the relationship is l inear  and for  the 2-pro- 
panol the effect of added water  is slightly greater  at  
higher aqueous concentrations. The value for  the per- 
centage of oil at the critical solution t empera tu re  also 
increases with the proport ion of water  in the alco- 
holic solvent (Figure  3). The change between 100% 
and 90% ethanol amounts  to only 4% (f rom 40 to 
44% oil) and is again pract ical ly linear. F o r  2-pro- 
panol the corresponding change amounts to more than  
25%, the rate of rise becoming markedly  greater  as 
the water  content increases. I n  both Figures  2 and 3 

130 .-.... 
,o 

' ~ T H A N O L  
, o  

___~- .  

�9 " ' -  - 

n" ~ 2-PROPANOL x" 
U.I 

50 
--.... 

Io 88 90 92 94 96 98 I00 
WT. % ALCOHOL 

:FIG-, 2. Moisture content of aqueous ethanol and 2-propanol 
vs.  critical solution temperature with cottonseed oil: 
boiling temperatures of respective aqueous alcohols; X, data of 
Okatomo (10) for soybean oil with ethanol. 

the data of Okatomo (10) for soybean oil in aqueous 
ethanol are represented by  crosses and show good 
agreement  with the cottonseed oil data. I t  should be 
noted that  if the solubility t empera tu re  had been 
taken as the t empera tu re  a t  which two liquid layers 
appeared  (instead of a slight tu rb id i ty )  the curve 
for  ethanol in F igure  2 would agree almost perfect ly  
with Okatomo's  data for  soybean oil. 

Ternary Diagrams and Tie-Liues 

Terna ry  tie-line da t a  for  the systems cottonseed oil- 
ethanol-water and  cottonseed oil-2-propanol-water were 
obtained by  equi l ibra t ing mixtures  of oil, alcohol, and 
water  of known overall composition. The desired pro- 
portions of the three components were weighed into a 
w a t e r - j a c k e t e d  solubility bure t te  of special design, 
which was then tu rned  end-over-end in a thermostated 
ba th  at 30 ~ C. for  48 hours  to establish equil ibrium 
conditions. I t  was then permi t ted  to remain in an up- 
r ight  position unti l  de-emulsification into two clear 
liquid layers had taken place, a f te r  which the conju- 
gate layers were drawn off without change in temper-  
ature,  each in two-aliquot portions. One port ion of 
each layer  was s t r ipped of solvent to determine the 
oil concentration and the remainder  was used for  du- 
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FIG. 3. Moisture content of aqueous ethanol and 2-propanol 
v s .  eritical solution concentration with cottonseed oil: X, data 
of Okatomo (10) for soybean oil with ethanol. 
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plicate determinations of the water  content by  the 
K a r l  Fischer  method. The percentage of alcohol was 
obtained b y  difference. 

The result ing data are given in Table I I .  F igures  
4 and 5 represent  the 30~ te rnary  isotherms as well 
as the 30~ tie-lines for  each of the overall concen- 
trat ions equilibrated. In  every case the point repre- 
senting the original overall concentration fell on the 
tie-line as required, thus confirming the accuracy of 
the results. The corresponding results previously pub-  
lished (5, 8) indicated an apprec iably  lower oil con- 
centrat ion in the alcohol layers, possibly because of 
the fact  tha t  indirect  ra ther  than  direct methods of 
analysis were used to determine the ratio of alcohol to 
water  in the mixtures.  

TABLE II 

Tie-Line Data for Ternary  Systems: Cottonseed Oil-Ethanol-Water and 
Cottonseed Oil-2-Proponal-Wate~ at 30~ 

Original overall Compositio~ of Composition of 
composition oil phase alcohol phase 

Oil Alcohol Water  Oil Alcohol Water  Oil Alcohol Water  
wt.% wt.% wt.% wt.% wt.% wt.% wt.% wt.% wt.% 

Cottonseed o~l-ethanol-water 

47.45 47.68 4.87 92.45 7.12 0.43 1.09 88.53 10.38 
50.02 49.49 0.51 83.69 16.08 0.23 7.20 91.62 1.18 
50.19 45.76 4.05 90.85 8.73 0.42 1.50 89.73 8.77 
49.58 48.88 1.54 86.60 13.01 0.39 4.41 91.83 3.76 
49.47 42.99 7.54 93.55 6.03 0.42 0.58 83.74 15.68 

Cottonseed oil-2-propanoI-wat er 

49.76 37.65 12.59 90.31 8.95 0.74 0.64 72.49 26,87 
49.57 40.37 10.06 88.72 10.50 0.78 1.22 77.43 21.35 
47.39 44.67 7.94 86.31 12.79 0.90 2.42 81.90 15.68 
49.86 45.83 4.31 80.88 17.99 1.13 6.31 84.47 9.22 
49.92 46.57 3.51 76.76 22.00 1.24 8.59 84.09 7.32 
50.09 47.97 1.93 66.57 32.11 1.32 17.01 78.76 4.23 

Since the curves in F igure  1 represent  l imiting sol- 
ubilities at  the various temperatures ,  t e rna ry  isotherm 
data over pa r t  of the range may  be derived f rom them 
directly and by  interpolation. In  this way a series of 
isotherms may  be constructed for  the two t e rna ry  sys- 
tems. The points on the 30~ isotherms so obtained 
show good agreement  with the 30~ isotherm con- 
s tructed f rom the tie-line data in Figures  4 and  5. 

ETHANOL 

OS. OIL WATER 

Fro .  4. T e r n a r y  i s o t h e r m  a n d  t ie - l ines  f o r  c o t t o n s e e d  oiI- 
e t h a n o l - w a t e r  s y s t e m  a t  30~  

2-PROPANOL 

CS. OIL WATER 

FIG. 5. T e r n a r y  i s o t h e r m  a n d  t ie - l ines  f o r  c o t t o n s e e d  oil-2- 
p r o p a n o l - w a t e r  s y s t e m  a t  3 0 ~  O ,  d a t a  i n t e r p o l a t e d  f r o m  
F i g u r e  1. 

Figure  6, derived f rom Table I I ,  shows the distribu- 
tion of ethanol and  2-propanol, respectively, between 
the oil and water  layers. 

Discussion 

In  extract ing the oil f rom cottonseed it is of course 
advantageous to use a solvent which 'is miscible with 
the oil in all proportions.  With  aqueous ethanol or 
2-propanol it  would therefore be preferable  to use a 
tempera ture  above the critical solution tempera ture  
bu t  not exceeding their  normal  boiling points. Ex-  
t ract ion above the boiling point of the solvent would 
necessitate the use of a pressurized system. The boil- 
ing points of aqueous ethanols over the range of con- 
centrat ions shown in F igure  2 are all within 0.2 ~ of 
78.3~ Those for  the aqueous 2-propanol fal l  on a 
s t ra ight  line, between 82.4 ~ C. for  the absolute alcohol 
and 80.4~ for  the 88% 2-propanol. These are rep- 
resented over per t inent  ranges by  broken lines. I t  is 
apparen t  f rom Figure  2 tha t  98.4 to 100% ethanol 
or 90 to 100% 2-propanol would be miscible with oil 
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Fro ,  6. D i s t r i b u t i o n  of  a lcohol  b e t w e e n  oil a n d  w a t e r  p h a s e s  in  
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w a t e r  s y s t e m s  a t  30~  
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in all proport ions below the boiling point of the sol- 
-cent and would therefore be satisfactory solvents so 
fa r  as the extraction step is concerned. I t  should be 
kept in mind that  the presence in the oil of fa t ty  acids, 
carbohydrates,  and phosphatides m a y  considerably al- 
ter  the oil-alcohol solubility relation. 

Figures  4 and 5 however show tha~; the efficiency of 
the separation of the oil f rom the solvent at  30~ 
increases as the percentage of water  in the alcoholic 
solvent increases. Therefore f rom the point of view 
of the complete process 98.4% ethanol or 90% 2-pro- 
panel would theoretically be the optimum concentra- 
tions for  use as solvent. Practically, the percentage 
of water in the system would be difficult to control 
precisely because it would depend upon the amomlt 
of moisture in the original and extracted cottonseed 
(2). In any case the constant boiling mixtures of 
ethanol (95.6%) and 2-propanol (87.9%) would pre- 
sent the disadvantage of requir ing pressures above 
atmospheric during the extraction in order to attain 
complete miscibility with the oil. 

Summary  

Basic phase relation data have been obtained, rela- 
tive to the extraction of cottonseed oil with ethanol 
and 2-propanol, especially as affected by  water in the 
solvent. Mutual solubility diagrams have been con- 
structed for cottonseed oil with ethanol and 2-propanol 
of various aqueous concentrations. Tie-line data at 30 ~ 
C. have been obtained for the te rnary  ethanol-cotton- 
seed oil-water and 2-propanol -co t tonseed  oil-water 
systems. These combined data will be of assistance in 
the selection of the most desirable temperatures  and 
moisture concentrations in the solvent extraction of 
cottonseed with these alcohols. Comparison with re- 
sults previously published for soybean oil suggests 
that the mutual  solubility data for  cottonseed oil and 

aqueous ethanols are applicable to other vegetable 
oils over a wide range of iodine values. 

In  general, the results indicate that  2-propanol is 
the more desirable solvent since complete miscibility 
with the oil can be attained at temperatures  below its 
normal boiling point  even at moisture contents as high 
as 10% by weight whereas ethanol can tolerate only 
about 1.5% of water. High moisture contents resul t  
in more effective separation of the oil f rom the solvent 
when the miscella is cooled af te r  extraction. Constant 
boiling aqueous ethanol and 2-propanol present the 
disadvantage of requiring greater than atmospheric 
pressure during extraction in order to attain com- 
plete miscibility with the oil. 
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The 'Compositions of Some Unhydrolyzed Naturally Occurring 
Waxes, Calculated Using Functional Group Analysis and 
Fractionation by Molecular Distillation, with a Note 
on the Saponification of 'Carnauba Wax and the 
Composition of the Resulting Fractions I 
THOMAS WAGNER FINDLEY 2.3 and J. B. BROWN, Deportment of Physiological Chemistry, 
The Ohio State University, Columbus, Ohio 

T t t E  biological and economic importance of the nat- 
ural ly  occurring waxes is largely a r e su l t  of their 
unique physical properties. In  spite of much fine 

work in the past 140 years, resulting in the identifica- 
tion of numerous compounds isolated from many of 
the natura l ly  occurring waxes, there is still not one 
of these complex mixtures whose exact chemical com- 
position is known. Al ipha t ic  acids,  hydroxy acids, 

1A portion of a dissertation submitted by Thomas W a g n e r  Findley to 
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~S. 0. Johnso~ and  Son Inc.  Fellow in Physiological  C%lemistry, 
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pr imary  and secondary aliphatic alcohols, sterols, ke- 
tches, and hydrocarbons have been isolated in varying 
amounts from many waxes af ter  initial saponification. 
But  it is not  enough to know the chemical composition 
of the hydrolysis products if we are to unders tand and 
possibly duplicate the unique physical properties of 
the waxes. We must also know the extent and manner  
of combination of the acids and alcohols. 

Isolation of one or more substances from an unhy- 
drolyzed wax may be used to establish a part ial  knowl- 
edge of its composition. For  example, extraction (20) 
and adsorption separation (chromatography) (2, 17) 


