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I 
N the winterization of soybean oil there is re- 

moved only a small amount of substances which 
are solid at room temperatures.  Although this trace 

of material  apparently has no immediate commercial 
value, it has been examined as part  of a comprehen- 
sive investigation of the composition of soybean oil. 

A sample of the press cake f rom a filter used in 
the commercial winterization of soybean oil was ex- 
tracted with petroleum ether in a one-bushel batch- 
type stainless-steel Soxhtet extractor. ~ The following 
operating data were reported : 

Charge  of press cake :  
"Weight ......................................................................... 75.9 lb. 
Oil  content  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43.48 percent  

Ex t rac t ed  residue of diatomaceous s i l ica:  
Weigh t  ........................................................................... 50.6 lh. 
Oil  content  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.98 percent  

Recovered oil ....................................................................... 28.4 lb. 
Numher  of ext rac t ions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
Length  of extract ions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  120 hr. 
Ave rage  ext rac t ion  t empera tu re  ..................................... "-1 o ( ' .  
To ta l  solvent  through ext rac tor  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  109 gal.  
Ex t rac t ion  of oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  87.8 percent  
Recovery of ex t rac ted  oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  98.1 percent  

I t  is of  interest to note that spontaneous heating 
occurred in the extracted residue af ter  its storage for 
several hours in sacks. This was caused by the rapidity 
of oxidation of the residual oil when adsorbed on the 
large surface of the diatomaceous silica. 

The extracted oil had the following characteristics :~ 

Iodine number  ( W i j s - - 1 / 2  hr . )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  124.8 
Thiocyanogen number  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  78.5 
Re f r ac t i ve  index ( 2 5 / D )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 4 7 3 9  
Diene number  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.1 
Acid  number  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.88 
Hydroxyl  number  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I4.7 
Specific g r av i t y  ( 2 5 / 2 5 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9246 
Sa tu ra t ed  acids (Twi tehe l I )  .............................................. 13.80 percent  
Saponification number  ...................................................... 198.8 
Unsaponif iable  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.93 oercent  
Phosphorus  ...................................................................... 0.002 , e r cen t  
Ash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0153 oorcent 
Lovihond read ing  (133 mm. cell, 45 ° C.) ................... 35 Y 7.1 R. 
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With the exception of the hydroxyl and diene numbers. 
these values do not differ markedly f rom those of 
normal soybean oil. 

Although this oil was clear when warmed, solids 
were suspended in it at room temperature. These 
were filtered from 7150 gm. of the oil, washed three 
times with acetone to remove adhering oil, and crvstal- 
lized twice from benzene. The product (26 "gm.) 
melted at 77  ° to 78 ° C. and had an iodine n,lmber 
(Wijs )  of 6.3. Af te r  two treatments with activated 
carbon and a further  crystallization from benzene. 
21.5 ran. of material remained, havin~ a melt;n~ point 
of 78 ° to 79 ° C. and an iodine number  of 4.7. 

Another  filtration of the oil was carried out at 0 ° C.. 
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I l l inois .  
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the Nor th  Centra l  Sta tes  of I l l inois ,  Ind iana .  Iowa. Kansas .  Mioh i -an .  
Minnesota ,  Missour i ,  Nebraska ,  Nor th  Dakota ,  Ohio. South Dakota .  
and Wisconsin .  

4 The  au thors  are  indebted to Mr .  V. F. P f e i f e r  of this  laboratory  
for  c a r r y i n g  out the extract ions .  

The  preI iminary  examinat ion  of this  mater ia l  was made by ~Ir .  F .  G. 
Dol lear .  now associated with Southern  Regional  Research Labora tory .  
New Or leans ,  Louis iana.  

but only a small additional amount of solid material 
was obtained. Af ter  allowance for losses in washing 
and crystallization, the total yield of solid represented 
between 0.001 and 0.002 percent of the soybean oil 
originally winterized. This estimate is based on the ,  
assumption that 50 lb. of diatomaceous silica were 
used for the commercial winterization of 15,00() lb. of 
soybean oil. Although some wax undoubtedly re- 
mained in the press cake af ter  the extraction, the 
quantity would probably not materially increase the 
foregoing estimate. 

A Lieberlnann-Burchard test showed that the ma- 
terial contained no sterols. This result was consid- 
ered of interest in view of a statement (1) that in the 
winterizing of soybean oil "small quantities of un- 
known substances (not stearines but quite possibly 
sterols) are removed." 

The saponification equivalent of the material iso- 
lated was found to be 795, which at once suggested the 
presence of a wax. Upon examination of the saponifi- 
cation mixture, the presence of long-chain fatty acids 
and alcohols was established. A hydroxyl number de- 
temnination was attempted on the wax, using the West-  
Hoagland-Curt is  method (2) .  Duplicate samples did 
not check within reasonable limits because the viscosity 
of the reaction mixture prevented determination of the 
exact end point. However ,  the determination showed 
the absence of free acid in the sample and indicated 
the presence of about 10 percent of free alcohol, as- 
suming an alcohol molecule containing 30 carbon 
atoms. 

hi order to separate the free alcohol as well as to 
effect, if possible, a fractionation of the wax, 13.5 vm. 
of the naaterial was distilled in the molecular still illus- 
trated in Figure 1. 6 Fourteen fractions were removed, 
at temperatures and pressures indicated in Table I. It  
should be noted therein that the McLeod gage readings 
represent onh- the pressures of noncondensable gases 
and that t he to t a l  pressures indicated bv the thermal 

T A B L E  I 
Data  on MolecuIar  Dis t i l la t ion  of l, Vax. (13.5 gm.)  

Predonl inan t  o ressnres  

The rma l  P redominan t  
Frac t ion  Dis t i l la t ion  MeLeod conduct ivi ty  hath 

No. \Veight  rate  gage gage ~emnerature 

c~nl. g in . / h r ,  nlicro,ls microi1 s °C 
l . . . . . . .  0.0q 0.010 0.015 0.2 1351 
2 . . . . . . . .  0.02 0.006 0.005 0.9 I26 
3 . . . . . .  0.03 0.020 0.02 0.7 142 
4 . . . . . . . . .  0.41 0.087 0.005 0.2 157 
3 . . . . . . . . . . . . . . . .  0.14 0.046 0 0 2  0.3 I54  
6 . . . . . . . . . .  0.22 0 030 0.005 0.07 154 
7 . . . . . . . . . . . . . . . . .  0 05 0,022 0.01 0,08 I54 
8 . . . . . . . . . . . . . . . .  0 .09 0,027 0,015 0.6 174 
o . . . . . . . . . . . . . . .  0 .1g 0 0 3 3  0.005 0.5 185 

10 . . . . . . . . . . . . .  3 . 0 2  0.698 0.05 0.4 255 
11 . . . . . . . . . . .  1.01 0.303 0,07 0.7 248 
12 . . . . . . . . . .  t .20  0.152 0 .0l  0.05 230 
13 . . . . . . . . . .  1.38 0.190 0.04 0.1 250 
14 . . . . . . . . . . . .  0.70 0 .3 I I  0.03 0.6 260 
Resld,,e . .. 2.75 

1 Traces  of dis t i l la te  were noted at  110 ° C. 

6 The  stil l  was designed by Dr ,  K. S. Mark ley .  former ly  of this lah- 
oratory,  and the jun io r  author.  Of  several  not-type st i l ls  emr~loyed in th is  
labora tory ,  th is  one has been found mo~t advantageous  for  the d i s t i l l a t i o n  

of small  amounts  of mater ia l s  where tbe use of a column m d e e u l a r  ~till 
was impraet ieable,  and especially for substances of re la t ive ly  high mel t ing  
point. 
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conductivity gage are not strictly accurate since the 
instrument was calibrated against air. The bath tem- 
peratures listed are probably a few degrees higher 
than the temperature of the material under distillation, 
but are considered more accurate than readings of the 
thermometer in the well of the still. 

Figure 1.--Pot-type molecular still. 
The still is connected to the high-vacuum system through a 
29/42 gound joint and a stopcock of 15 ram. bore. A second 
stopcock connecting to the atmosphere permits removal of 
]raetions without interrupting the pumps, oroints and. stopcocks 
are especially ground for high-vacuu~n work. Heat is supplied 
by a woods-metal bath mounted on a hot plate. The side ¢oall 
bet~,een the bath and the constriction is ~rapped with resist- 
ance wire to prevent formation of condensate thereon. The con- 
cleansing dome is cooled with air, z~*ater, or dry ice, according 

to the temperature differential required. 

Fractions 2 and 3 were so small that their examina- 
tion was restricted to melting point determinations. 
The distillation behavior and melting points of frac- 
tions 6, 7, and 8 indicated that the fractions were simi- 
lar and might be combined. 

Melting points and saponification equivalents were 
determined for 11 fractions, including the combination 
of fractions 6, 7, and 8. The saponification reaction 
mixtures were evaporated to dryness and extracted re- 
peatedly with hot acetone to remove the alcohols. The 
acetone solutions were concentrated to about 20 hal., 
cooled, and filtered to recover the alcohols. Acetates 
were prepared from the alcohols by heating for 2 hours 
with acetic anhydride and sodium acetate. After  re- 
crystallization of the acetates f rom petroleum ether, 
their melting points and saponification equivalents 
were determined. Thereaf ter  the alcohols were recov- 
ered as before. 

The soaps remaining after  the acetone extraction 
were dissolved in hot water and filtered. The fatty 
acids were liberated, recovered from the solution, an~t 
recrystallized from benzene. The first nine fractions 
gave such small amounts of acids that they were not 
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considered. Melting points and neutralization eqmva- 
lents were determined on the acids from the last five 
fractions. The melting points ranged from 72 ° to 74 ° 
C. and the neutralization equivalents were found to 
vary between 352 and 395 without showing any regu- 
lar trend. The expected neutralization equivalents, cal- 
culated from the saponification equivalents of the wax 
fractions and of the acetates, varied from 321 to 350 
and showed a progressive increase. The difference is 
probably caused by loss of the shortest-chain alcohols in 
the preparation of the acetates, loss of the shortest- 
chain acids in the preparation of the acids, and con- 
tamination of the acids by inert materials, probably 
alcohols. 

The analytical results are shown in Figures 2 and 3. 
The melting points plotted are the temperatures at 
which the last portion of solid disappeared when 
heated in the usual capillary melting point tubes. As 
Chibnall and coworkers have pointed out in their series 
of publications on the vegetable waxes, data of the 
type presented here can seldom be used to establish 
the identity of the specific alcohols and acids in nat- 
ural waxes, but they do permit a number of generali- 
zations. 

The saponification equivalents of the wax fractions 
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F i q u r e  2.--Melting points. 
A. W a x  #actions. 
B. Alcohols obtained by saponification of ~xtx fractio~ts. 
C. Acetates prepared from alcohols. 
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indicate that the first eight fractions contain chiefly 
unsaponifiable material (alcohols) with perhaps 5 to 
15 percent of true wax. Fraction 9 is apparently com- 
posed of about equal amounts of alcohol and wax 
while fraction 10 is composed almost entirely of wax. 
The last four distillate fractions apparently do not 
contain significant amounts of free alcohols. 

The saponification equivalents of the acetates pre- 
pared f rom the alcohols of the first nine fractions 
show that the average molecular weight of the alcohols 
varies f rom 450 to 467, corresponding to a molecule 
containing 30 to 32 carbon atoms. The assumption 
that the alcohols are of the usual straight chain type is 
supported by the melting points of  the alcohols and 
acetates. The alcohols of the combined fractions 6, 7, 
and 8 have an average molecular weight of 467, corre- 
sponding to an alcohol of 32 carbon atoms, and their 
melting point, 87.6 ° to 87.9 ° C., approaches the tem- 
perature of 89.2 ° C. reported as the melting point of 
di~triacontanol (3) .  The melting point of the acetates 
of these combined fractions is 72.2 ° to 73.0 ° , which is 
essentially the same as the value 72.6 to 72.8 ° reported 
for dotriacontanyl acetate (4).  Although the analysis 
indicates that the alcohol in these three fractions is the 
C8~ straight-chain alcohol, the material must be con- 
sidered a mixture  containing some longer and some 
shorter homologs. 

Fraction 10, the first fraction which was essentially 
all wax, yielded a mixture of alcohols having an aver- 
age molecular weight of 405, corresponding to an aver- 
age chain length of 27.7 carbon atoms. The melting 
point, 77.0 ° to 78.0 ° C., is somewhat less than the 
value 79.2 ° C. reported for the C2G alcohol, but the melt- 
ing point of the mixed acetates is 60.5 ° to 62.5 ° C., 
slightly higher than the value 60.0 ° to 60.1 ° reported 
for the acetates o f  the C26 alcohol (4) .  The alcohol 
portion of fraction 10 must therefore contain an alco- 
hol at least as short as C26 mixed with the longer alco- 
hols such as occur in the earlier fractions. 

Fractions 11 to 14 show progressive fractionation of 
the wax, the alcohols of the last fraction being similar 
to those o f  the f i rs te ight  fractions. 

The analyses of the fractions showed such differ- 
ences in their alcohols that X-ray  patterns were ob- 
tained by Dr. J. N. Mrgudich, of the University of  
Illinois Chemistry Department,  in an effort to identify 
definitely the alcohols present. The patterns, however, 
were ill-defined, indicating that the alcohols were com- 
plex mixtures,  and no fur ther  conclusions could be 
drawn. Patterns of the acids from fractions 10 and 14 
and of the ethyl esters of  these acids were somewhat 
more definite and indicated the presence of the C2~ or 
C2s acid. 

The iodine number  of the residue was 8.9. This 
accounts for only half of the unsaturation in the origi- 
nal wax. A portion of the remainder was certainly 
lost in the crystallization of the residue, and another 
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portion was perhaps lost through polymerization in the 
still. I t  is thought probable that the unsaturation, as 
well as the lowered saponification equivalent of the 
residue, can be attributed to partially polymerized soy- 
bean oil which was not removed by the washing and 
crystallization prccedures. 

An 3 - hydrocarbons in the wax should have appeared 
with the alcohols. The agreement between the saponi- 
fication equivalents of the acetates and the melting 
points of the alcohols and acetates may be taken as 
evidence that hydrocarbons are not present in significant 
amounts. 

Summary 

W a x  from the winterizing press cake of soybean oil 
contains approximately 10 percent free alcohol in addi- 
tion to true wax. No free acids and apparently no 
hydrocarbons are present. The principal alcohols range 
f rom Cs2 to below C28, w-hile the acids have an aver- 
age chain length of approximately 22 carbon atoms. 
The wax amounts to not more than 0.002 percent of 
the original oil. 

R E F E R E N C E S  

1. Durkee, M. N.,  Ind. Eng. Chem. 28, 898 (1936). 
2. West. E. S., Hoagland, C. L., and Curtis, G. H., J. Biol. Chem. 

104. 627 (1934). 
3. Francis, F., Collins, F. J. E., and Piper, S. H., Proc, Roy Soe. A, 

158, 691 (1937). 
4. Piper, S. H., Chibnall, A. C., and g(illiams. E. F., Biochem. J. 

2o ° , 2179 (1934). 

CORRECTION 

We regret that the formula at the top of the right 
hand column, page 106, May 1941 issue, in the article 
Copra Quality Under  New Rules by P. ~r. Tompkins 
was printed incorrectly. It  should read: 

Corrected F.F.A. to compare with 7% oil in cake = 
0.615 X 6.45% @ (0.0539-0.02) >< 1.05% (Reported as 6.2% 

= 6.17% 
(0.6689-0.02) 
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