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TABLE i l I  

Synthesis of Compounds Related to Arylstear c Acids 

Compound 

Xylyloctadecanol a 
(1.03 moles aluminum chloride added to 0.78 mole of o:eyl 
alcohol and 5.7 moles of xylene; max. temp., 53 ~ 

Phenyloctadecyl Phenylstearate b 
(0.1 mole each of the alcohol and acid; refluxed in xylene 
solution in presence of dry hydrogen chloride for 14 hours) 

Methyl Phenylenedistearate e 
(1.65 moles a luminum chloride added to 0.5 mole of phenyl- 
stearie acid and 1.0 mole of oleic acid in petroleum ether. 
Product  subsequently esterified with methanol in presence 
of dry hydrogen chloride) 

Yield 
% 

78 

51 

Roiling 
Point, 

201-2o 
at 

0.3 ram. 
274-8O 

at 
0.3 mm. 

238-73 
at 

.04 ram. 

n if 

1.4925 

1.4935 

d~ 

0.8985 

0.9146 

Molecular 
Refract ivi ty 

Thee- 
Found retical 

121.1 12o.2 

219.0 218.3 

O; ('. 

Then 
Fmlnd ret ica] 

~:1.25 83.35 

83.66 83.65 

Thee- 
Found retical 

12.28 12.38 

11.84 11.70 

29 1.4874 0.9283 207.2 2O4.9 78.67 78.75 11.82 11.72 

a % OH, found, 4.65; theoretical, 4.54; color, Lovibond, 1" cell ,L5Y. 
b Sapon. equiv.; found, 685.0; theoretical. 688.7. 
e Sapon. equiv.; found, 339.8 ; theoretical, 335.5. 
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Components of "Soybean Lecithin 
C. R. SCHOLFIELD, H. J. DUTTON, F. W. TANNER, JR., and J. C. COWAN, Northern Regional 
Research Laboratory,'-' Peoria, Illinois 

D ESPITE years of production and use, informa- 
tion as to the composition of "soybean lecithin" 
is surprisingly meager. Recent texts and papers 

repeat the statement that soybean phosphatides con- 
sist of approximately 35% lecithin a and 65% eepha- 
lin (1,2,3,). While lecithin is readily prepared ill 
high purity from the alcohol-soluble fraction through 
the cadmium salt precipitation (4,5), the cephalin 
fraction or alcohol-insoluble portion has been poorly 
characterized. Phosplmtides other than lecithin and 
cephalin arc known to be present in soybean oil. 
MeKinney, Jamieson, and Holton (6) have reported 
the presence of diamino-monophosphoric acid- and 
monamino-diphosphorie acid-phosphatides and of a 
glycosidal lecithin complex. Levene and Rolf (7) 
have reported a fraction which they describe as 
resembling euorin. They regarded this fraction as 
being formed by partial hydrolysis of lecithin and 
cephalin, but ill the light of present knowledge, it 
seems probable that it contained a large amount of 
inositol-containing phosphatides. As early as 1939 
Klenk and Sakai (8) isolated inositol and inositol- 
monophosphoric acid from soybean cephalin hydroly- 
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3 Except when enclosed by quotation marks  to denote the conlmoll 
usage in the trade, the word lecithin refers specifically to phosphatidyl 
choline. 

zates, but it was not until 1943 that Woolley ( 9 )  
isolated an inositol-containing phosphatide which he 
called lipositol. More recently, ill 1947, Folch (10) 
reported the presence of a phosphatide containing 
both inositol and glycerol. Ilowever, insufficient in- 
formation is available as to tile number and compo- 
sition of inositol-containing phosphatides to permit 
an estimate of the composition of soybean "lecithin."  

Lack of adequate methods for fractionation of the 
eonlplex mixture of soybean phosphatides has hin- 
dered study of their composition. Adsorption and 
partition chromatography have been found inap- 
plicable (11.12). The technique of "countercurrent 
distribution," developed by Craig (13,14) and ap- 
plied with outstanding success in the separation of 
the penieillins, offered a new method of fraetionation. 
This technique has been highly effective, and some 
t)reliminary analyses of soybean phosphatides ob- 
tained by this procedure are presented. 

Analytical Methods 
The procedures used for the determiuation of nitro- 

gen, phosphorus, choline, anlino nitrogen, sugar, and 
inositol were dictated in part by the size of samples 
available from the distribution apparatus and in part 
by complexity of the nlaterials being analyzed. 

Total nitrogen was determined by the miero-Kjel- 
dahl procedure. Phosplloru.~ detel'minations reported 
in Table I were obtained gravinletrieally as ammo- 
nium phosphomolybdate. Owing to the small size of 
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T A B L E  I 

Analysis  of Phospha t ide  P r e p a r a t i o n s  

:'6.q 

P r e p a r a t i o n  
Pe r  Cent 
of total  
weight  

Crude phosphat ides  .......................................... i 100 
Frac t ion  I ......................................................... 50.7 
F rac t ion  I I  ....................................................... 4.4 
Prac t ion  I I 1  ..................................................... [ 6.6 
Frac t ion  I V  ...................................................... I 38.3 

Ni t rogen 

% 
1.24 
1.65 
1919 
1.24 
0.79 

Phos- 
phorus  

q, 

3.37 
3.54 
2.87 
3.10 
3.:]O 

Molar 
ratio 

P / N  
1.27 
o.97 
1.19 
1.12 
1 .~9 

Choline 
n i t rogen 

o.42 
o.81 
o.04 
o.17 
o.oo 

Amino 
n i t rogen  

S u g a r  

0.62 3,96 4.18 
0.62 2,38 0.26 
o.81 7.08 2.80 
1.14 5,52 [ 1.66 
o.62 5.15 1 1.3 

lnos i to l  

the samples obtaiued from countercurrent  distribu- 
tion, phosphorus in the samples from this apparatus  
was measured spectrophotometrically by  Burmaster ' s  
method for ~otal phosphorus (15). In  the oil itself 
phosphorus was determined by a modification of the 
method of Truog and Meyer (16). Both of the last 
mentioned methods involve the measurement of opti- 
cal density of th~ molybdenum blue complex. Choline 
was measured by the reineekate method of Gliek (17). 

Amino nitrogen in the preparations in Table 1 
was determined by the micro method of Van Slyke 
(18) af ter  refluxing the sample for 24 hours with 
2N H2SO,, and filtering. I t  was found that  the Bur- 
master periodate oxidation method (19) gave results 
agreeing with those obtained by  t he  Van  S l y k e  
method on the alcohol-soluble phosphatides. Conse- 
quently, the Burmaster  method was used for the 
samples from the eountercurrent  distribution of the 
alcohol-soluble fract ion because of the much smaller 
sample required. For  convenience in handling the 
large number  of samples from this distribution these 
samples were hydrolyzed with 2N H._,SO~ at 120~ 
in an autoclave overnight. In dealing with the alco- 
hol-insoluble phosphatides, the B u r m a s t e r  m e t h o d  
gave results lower than the Van Slyke method, and 
the Burmaster  method was therefore not applicable 
to this fraction. This is in agreement with the obser- 
vation of Burnmster  (20) that low amino nitrogen 
values were obtained in fractions of calf brain phos- 
phatides containing inositol, when compare(l with 
values obtained by the Van Slyke method. 

Sugar was determined by first hydrolyzing the 
phosphatides for  approximately seven hours with 
.6N H2SO, on a steam bath. After  tlle hydrolyzate 
was filtered and neutralized, sugar was measured by 
the method of Stiles, Peterson, and Fred  (21). Since 
Woolley has reported that galactose is present in soy- 
bean lipositol (9), all sugar was uniformly calculated 
as galactose although other sugars were probably 
present. 

Inositol was estimated by a modification of the 
Atkin, Schultz, Williams, and F rey  (22) microbio- 
logical method for the assay of pyridoxin. Samples 
were hydrolyzed with 20% HC1 at 120~ for 16 
hours prior  to assay. 

Preparation of Fractions 

The phosphatides used in this work were separated 
from the oil by  passing steam into 10 liters of com- 
mercial crude hexane-extraeted s o y b e a n  oi l  and 
allowing the hydra ted  phosphatides to precipitate 
as a sludge. After  removal of this sludge, the steam- 
ing, settling, and removal steps were repeated twice. 
The combined sludges were centr ifuged to separate 
the phospha(ides f rom oil and water. The crude 
phosphatides were dissolved in diethyl ether, and the 
resulting emulsion was broken by  the addition of 
sodium sulfate. After  evaporatiou of the ether solu- 

tion to small volu,ne, the phosphatides were precipi- 
tated from the oil with acetone. The precipitate 
obtained was extracted twice by stirring with ace- 
tone, redissolved in ether, and reprecipi tated with 
acetone. The precipitate was washed with successive 
portions of acetone until  the preparat ion became 
waxy. Four  more extractions were made with the aid 
of a Waring Blendor. The total weight of the phos- 
phatides was 124 grams. Analytical data on this 
crude phosphatide preparat ion are shown in Table I. 

Since the crude oil contained 0.072% phosphorus 
and, af ter  steaming. 0.0035% phosphorus, 94% of the 
phosphorus ill the crude oil was removed and 63~/, 
was recovered in the phosphatide preparation.  

The crude phosphatides were first separated into 
alcohol-soluble and alcohol-insoluble fractions. Of 
the crude material 114 grams were extracted with 
350-ml. portions of absolute alcohol six times in a 
Waring Blendor. The alcohol-soluble portion was fur-  
ther fract ionated by removing the solvent under  
vacuum at 50~ and again adding absolute alcohol. 
The alcohol was evaporated from the clear superna- 
tent solution, leaving 55 grams, which are designated 
in Table I as Fract ion I. A small portion, 4.8 grams, 
which did not redissolve in the alcohol, is designated 
as Fract ion II. The alcohol-insoluble portion was ex- 
tracted twice in the Blendor with absolute alcohol 
warmed to 50~ This alcohol solution was evapo- 
rated under  reduced pressure at 50~ leaving 7.1 
grams residue designated as Fract ion III .  The alco- 
hol-insoluble material remaining weighed 41.5 grams 
and is designated as Fract ion IV. (Analytical  data on 
these fractions is also given in Table ]~.) 

The phosphatide fractions were protected from oxi- 
dation by keeping them under  carbon dioxide as nmch 
as possible during their preparat ion and by storing 
them at - -16~ in a vacuum desiccator. 

Countercurrent Distribution of Fractions I and IV 

In principle, the countercurrent  distribution appa- 
ratus consists of a series of separatory funnels, each 
funnel containing a pair  of immiscible solvents. In 
the actual apparatus  the separatory funnels consist 
of a series of tubes or holes bored in a cylindrical 
metal block, and the upper  phase of each tube may 
be readily t ransferred to the adjacent tube containing 
a lower phase, thus achieving eountercurrent  move- 
ment of solvents. 

To resolve a mixture of solutes, the mixture is 
introduced into one of the tubes. By shaking and 
allowing the solvents to separate, each solute of the 
mixture  is distr ibuted between the two solvents in 
the tube according to its part i t ion coefficient. The 
alternation of countercurrent  movement and mixing 
of solvents te~ds to separate individual solutes of the 
mixture into part icnlar  tubes since the rate of move- 
ment of each solute through the tubes depends upon 
its specific part i t ion coefficient. When the desired 



370 TIlE JOURNAL OF TItE AMERICAN OIL CHEMISTS' SOCIETY, ()CTOBER, 1948 

.25 200 

.20 

150 

.,5 II \ " 

:l.lO , 

\ Amino Nitrogen , , ~  50 
r ".  - "  

.05 - 
"... ~.s.,s S~ ".:~.~Sugor \ 

- " �9 0 

0 2 4 6 8 I0 12 14 16 18 EO 29 24 
TUBE NUMBER 

�9 90% Methanol Soluble Hexane Soluble 

Fro. 1. Results of the countercurrent distribution of the 
alcohol-soluble fraction. 

number  of t ransfers  have been performed,  the con- 
tents of the individual  tubes are removed and, a f ter  
evaporation, the residues are weighed and analyzed 
for  constituents. Choice of the pa i r  of immiscible 
solvents to be used is made with regard  to the part i-  
tion coefficients of the compounds to be f ract ionated 
and with regard  to the rapid i ty  with which the enml- 
sion breaks. Because of limitations imposed by  the 
design of the distr ibution apparatus ,  it is also critical 
that  the volume of the lower phase does not change 
on introduction of the sample. 

Fo r  work with the alcohol-soluble fraction, hexane 
and 90% methanol  were found to be a suitable pair  
of solvents. Frac t ion  I was dissolved in hexane, and 
an aliquot containing 497 mg. was dis t r ibuted be- 
tween hexane and 90% methanol in the appara tus .  
Af te r  the sample had been carr ied through the 24 
distr ibutions which can be per formed in our 25-tube 
apparatus ,  it was found that  very little mater ia l  had 
reached tube 24. In  order to obtain bet ter  frac- 
t ionation six addit ional distr ibutions were applied 
using the wi thdrawal  technique described by  Craig 
(13). In  this technique the contents of tube 24 are  
wi thdrawn and replaced by  fresh solvent a f ter  each 
distribution. 

The distr ibution operat ion just  described was re- 
peated four  times, and the contents of the respective 
tubes f rom each exper iment  were combined. Af te r  
the solvents were evaporated, the residues were left  
in a vacuum desiccator unti l  constant weights were 
obtained. The weights of the fract ions are shown 
plot ted against  tube number  in Fig. 1. Weights of 
fract ions 25-30 are small and are not plot ted on the 
graph. Phosphorus,  choline nitrogen, amino nitro- 
gen, and sugar  were determined on the fract ions 
wherever  a sufficient amount  of mater ial  was ob- 
tained. These results Were calculated as millimoles 
and are also shown in Fig. I .  

For  the countereurrent  distr ibution of the alcohol- 
insoluble fraction, hexane and 95% methanol were 
found to comprise a suitable pair  of solvents. A 
solution of Fract ion  I V  was made with hexane, and 
an aliqupt containing 500 mg. was dis t r ibuted be- 
tween the two solvents in one of the tubes. Af te r  
the distribution the solvents were badly  eumlsified, 
and the contents of this tube were removed and cen- 
t r i fuged to give a clear upper  and lower layer with 
some insoluble material  at the interface. The entire 
sample was then re turned to the appara tus  with care 
to avoid re-emulsification. In  the succeeding distri- 
butions this procedure for breaking emulsions was 
unnecessary. Af te r  the 24 distr ibutions had been per- 
formed, the fract ions were removed f rom each tube. 
This complete distr ibution operation was repeated as 
just  described. The contents f rom the respective 
tubes were then combined and the solvent was evapo- 
rated. The residues were left in a vacuum desiccator 
unti l  they reached constant weight. Phosphorus,  total  
nitrogen, sugar, and inositol were deternfined wher- 
ever a sufficient amount  of mater ia l  was obtained. 
The analytical  values expressed as millimoles are 
plotted against  tube number  in Fig. 2 along with the 
total weight of the fract ions in milligrams. 

Discussion 

Choline- and inositol-containing phosphatides are 
separated f rom each other quite satisfactorily on the 
basis of solubility in absolute alcohol as shown in 
Table I. IIowever,  amino nitrogen constituents are 
present  in both the alcohol-soluble and alcohol-insolu- 
ble fractions. Since only a trace of inositol is present  
in Fract ion I and since this f ract ion has a phosphorus 
to nitrogen ratio of .97:1, it is concluded the amino 
nitrogen consti tuent of the alcohol-soluble fraction 
is cephalin. Frac t ion  IV is estimated to contain 11% 
inositol. Also this fract ion has a phosphorus-to-nitro- 
gen ratio of 1.89:1, and a phosphorus-to-inositol ratio 
of 1.70:1. Since cephalin has a phosphorus-to-nitro- 
gen ratio of 1:1, it appears  tha t  only a small amount  
of eephalin (approxinmtely  5%) remains in the alco- 
hol-insoluble fraction. This is contrary  to the common 
idea that  lecithin and eephalin are separated on the 
basis of their  solubility in alcohol. 

The results of the countercurrent  distr ibution of 
the alcohol-soluble fract ion (Frac t ion  I )  are given in 
Fig. 1. I t  is apparen t  f rom this data  tha t  lecithin, 
cephalin, and a sugar-containing compound are pres- 
ent. When a pure  compound is dis t r ibuted among 
immiscible solvents in the countercurrent  distr ibution 
appara tus  and the amount  of mater ial  in each tube is 
plotted against  the tube number  (as in Figs. 1 and 
2), a Gaussian distr ibution curve should be obtained 
(13). In  the analysis of a mixture  the curve will be 
the sum of the curves for  each component. Thus the 
weight curves in Figs. 1 and 2 represent  the stun of 
the weights of the components in the mixture.  The 
phosphorus curves represent  the sum of the phos- 
phorus contents of all the compounds. 

The weight and phosphorus curves of Fig'. I each 
show a peak coincident with the peak in the choline 
nitrogen curve and a hump corresponding to the peak 
in the amino nitrogen curve. The shape of the choline 
and amino nitrogen curves are that  which might  be 
expected for  groups of closely related compounds, 
such as the lecithins and cephalins containing fa t ty  
acids differing in degree of unsaturat ion and chain 
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FIG. 2. Results of the countercurrent distribution of the 
alcohol-insoluble fraction. 

length. However, the concentrations of solutes pres- 
ent in these distributions is sufficiently high that 
part i t ion coefficients may be changing with concen- 
t rat ion (23) and in part  account for  the deviation 
from the theoretical type curve. I t  is also probable 
that  complexes exist between lecithin and cephalin 
and between the phosphatides and the sugar com- 
ponents. Such association effects or mutual solubility 
effects would also distort the curx:e. 

The countercurrent  distribution data for Fract ion 
IV, the " c e p h a l i n "  or alcohol-insoluble fraction, are 
given in Fig. 2. I t  is immediately apparent  that the 
weight curve is composed of two peaks, one in the 
hexane-soluble portion of the curve and the other in 
the methanol-soluble portion. The shape of the curve 
for the hexane-soluble material approaches the theo- 
retical for  a single substance while the shape of the 
curve for the methanol-soluble components is sharp 
on the left  but  trails to the right, the lat ter  being 
indicative of a mixture of related compounds. The 
most surprising par t  of the data is that  within the 
limits of experimental error  the phosphorus-to nitro- 
gen-to-inositol ratio o f  2 :1 :1  is present in all the 
tubes, both in the hexane-soluble phosphatides and 
in the 95% methanol-soluble phosphatides. 

The sugar content at the left of the curve is high, 
19% of the dry  weight in tube 0, and decreases to 
0.6% in tube 8. Sugar is also found in the peak at 
the right of Fig. 2 but  in smaller amount. In tube 
23 there is 3.9% or one mole of sugar to 5.4 moles of 
p h o s p h o r u s .  I t  appears doubtful,  therefore, that 
sugar is a constituent of these phosphatides. Rather, 
it may be complexed or held by  secondary valence 
forces. 

No chemical evidence has yet been obtained which 
would account for  the varying solubility of the inosi- 
tol phosphatides. The presence of glycerol (10) or 
differences in lmmber and unsaturat ion of associated 
fa t ty  acids may possibly account for the difference in 

properties. Whether  the sugar compounds are present 
in a sugar phosphatide complex or whether sugar is a 
component of the inositol phosphatides, the high 
sugar fractions are more alcohol-soluble, as would be 
anticipated. The phosphorus- to-ni t rogen and phos- 
phorus-to-inositol ratios and the low sugar content of 
certain fractions arc not in agreement with data of 
Woolley (9) and Folch (10) on the inositol-contain- 
ing phosl)hatides from soybean h~citbin. F u r t h e r  
study is necessary before conclusions can be drawn 
as to the nulnber and structure of inositol-containing 
phosphatides. 

A rough estimate of the composition of the crude 
phosphatides used in this work can be calculated 
from the analytical data in Table I and the infor- 
nmtion obtained by countercurrent  distribution. I t  
shouhl be pointed out that the crude phosphatides 
cxanfined (.ontained only 63% of tire phosphorus of 
tire crude oil. This estimate is distinctly tentative and 
will be altered as more infornmtion becomes avail- 
able. From the choline nitrogen content of the crude 
phosphotides, lecithin is calculated as 24% if the 
molecular weight of 278.3 is assumed for the fa t ty  
acids as found by Thornton. Johnson, and Ewan (5). 

I f  tire inositol phosphatides are considered as con- 
taining one nitrogen for each iuositol, and if the 
remainder of the non-choline nitrogen is assigned to 
cephalin, an estimate of cephalin content can be 
made. Assmning the same molecular weight  for  the 
fa t ty  acids as was used with lecithin, the crude phos- 
phatides are estimated to contain 25% cephalin. 

In a calculation of tire amount of inositol-phospha- 
tides some estimate of the I)ereentagc of irlositol in 
the pure inositol-phosphatides is necessary. At least 
two inositol-containing phosphatides appear  to be 
present. IIowever, the inositol and weight curves of 
Fig. 2 indicate that each tube contains approxi- 
mately tire same percentage of inositol. I f  the in- 
ositol content of Fract ion IV is corrected for sugar 
and eephalin impurities, the inositol containing phos- 
phatides are estimated to contain 12.5% inositol. 
[Woolley's lipositol was reported to contain 16% in- 
ositol (9).] Based on this figure of 12.5%, the crude 
phosphatides contain 33~ inositol phosphatides. 

The values cah.ulated above are percentage by 
weight in the crude phosphatides. The remainder of 
the crude 1)hosphatide preparation, a p p r o x i m a  t e l y  
17%, can only part ial ly be accounted for as sugars, 
sterol glycosides, etc. Excluding these materials, 29% 
of the phosphatides present in this erude phosphatide 
preparat ion is lecithin, 31% is eephalin, and 40% is 
inositol-containing phosphatides. This agrees with the 
accepted value for lecithin, but  it appears that much 
of the phosphatides former ly  considered to b e  cepha- 
lin are actually inositol-eontaining phosphatides. 

Summary 
The a c e t o n e - i n s o l u b l e  material from soybean 

" l e c i t h i n "  has been fraetionated by submitting alco- 
hol-soluble and alcohol-insoluble portions to counter- 
current  distribution between hexane and methanol. 
The alcohol-soluble portion was found to contain 
lecithin, eephalin, and sugars or glycosides; the alco- 
hol-insoluble portion was separated into two major  
inositol-eontaining phosphatides and sugars or glyco- 
sides. While the commonly accepted value of 30-35% 
for  lecithin in the phospbatides was confirmed, it 
appears that the aecepted value of 65~)~ of cephalin 
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needs revision. The approximate composition for 
one sample of soybean phosphatides is e s t i m a t e d  
to be 29% lecithin, 31% eephalin, and 40% inositol- 
phosphatides. 
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Laboratory Extraction of Cottonseed With Various 
Petroleum Hydrocarbons 
A. L. AYERS and J. J. DOOLEY, Phillips Petroleum Company, Bartlesville, Oklahoma 

Summary 
Solvent extraction of cottonseed with various hy- 

drocarbons in the Cs to C~ range was studied to 
determine comparative yields and quality of oil pro- 
duced with pure and commercial hydrocarbon sol- 
vents. The solvents used were Pure Grade (minimum 
99 tool per cent purity) isopentane, normal pentane, 
cyclohexane, normal heptane, and benzene; Technical 
Grade (minimum 95 mol per cent purity) neohexane, 
diisopropyl, 2-methylpentane, 3-methylpentane, nor- 
real hexane, methylcyclopentane, and a 90 tool per 
cent cyclopentane; and Commercial Grade normal 
pentane, isohexanes, normal hexane, isoheptanes, and 
normal heptane. 

The effects of precooking the seeds and of the in- 
clusion of hulls on yield and color of extracted oil 
were determined. Yields and colors of crude oils from 
cottonseed with both high and intermediate free fatty 
acid content were studied, and characteristics of the 
oils determined and compared. Refining losses, re- 
fined colors, and bleach colors of oils extracted with 
various hydrocarbons were compared. Color compari- 
sons were made with a Gardner Color Comparator 
and a Fisher Electrophotometer. Other test methods 
used were modifications of official A.O.C.S. methods 
adapted to small samples. In general normal paraffins 
and isoparaffins were found to have some advantages 
over cyclic hydrocarbons. 

Introduction 

I N the course of the development of extraction proc- 
esses for vegetable oil production many improve- 
ments have been made in the type and quality of 

hydrocarbon solvents available to the solvent extrac- 
tion industry. Major improvements in solvent qual- 
ity have been achieved by narrowing the boiling 
range and eliminating the undesirable sulfur and 
nitrogen compounds and unsaturated hydrocarbon 
components. However, only limited attention has 

* Presented at the 39th annual meeting of the American Oil Chem- 
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been given to the relative merits of the individual 
hydrocarbons contained in current commercial petro- 
leum solvents. 

The present commercial solvents used by the vege- 
table oil extraction i,ldustry have usually been so 
selected to include a major proportion of normal hex- 
ane. This selection has eertain favorable technical 
and eeouonlie aspects. Commercial plant operations 
have demonstrated that the use of n-bexane cuts is 
economical from the standpoint of extraction effi- 
ciency, particularly when the boiling range is ad- 
justed so as to maintain solvent losses to a minimunl. 
Furthermore, a n-hcxane fraction is obtainable in 
relatively good yields from natural gasoline which 
has long been the primary source of many types of 
solvents and pure hydrocarbons. The users of n-hex- 
ane solvent have, therefore, benefited by the im- 
proved separations such as the Superfraetionation 
process, which has been applied to natural gasoline 
to yield products of ever-increasing quality. 

Developments within the petroleum industry dur- 
ing the past several years have altered to some extent 
the former concepts regarding the availability of vari- 
ous hydrocarbons. Many less familiar isomers of the 
five, six, seven, and eight carbon compounds have 
been synthesized and/or separated on a commercial 
basis. This is particularly true of the isoparaffins 
which have become commercial products as the result 
of the development of the newer alkylation and isom- 
erization processes for the production of blending 
components for aviation gasoline. 

As a result of these developments, it was consid- 
ered advisable to study, on a laboratory scale, a group 
of the more readily available cycloparaffins, isoparaf- 
fins, normal paraffins, and aromatic hydrocarbons as 
solvents for cottonseed oil extraction. The experi- 
mental solvents were confined to those boiling near 
n-hexane since most existing commercial cottonseed 
oil solvent extraction facilities have been designed for 
operation w{th n-hexane fractions. 


