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idly out of the column ; kitol can be eluted without 
decomposition by an ethanol-ether mixture 1 : 1. Syn- 
thetic dyes which are sometimes used may, depending 
on their  chemical composition, either be eluted from 
the upper  column before put t ing the two columns in 
series, or they are adsorbed at the very top of the 
second column without showing any sign of moving 
down dur ing subsequent elution. 

Carotene can be recovered from the upper  column 
eluate with the first 15 ml. of eluant and can accord- 
ingly be determined separately by  colorimetry. 

I t  is intended to check the method for the analysis 
of other materials which have a low content of vita- 
min A, e.g. but ter ,  cattle feeds, blood, and faeces. 
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Phase Relations Pertaining to the Solvent Winterization of 
Cottonseed Oil in Hexane and in Acetone-Hexane Mixtures 

RICHARD E. BOUCHER and EVALD L. SKAU, Southern Regional Research Laboratory, * 
New Orleans, Louisiana 

C O M P L E T E  phase relation data on the solvent 
winterization of cottonseed oil in acetone (1) 
showed .that commercial C. P. acetone could be 

used as a winterization solvent. I t  was pointed out 
however that  for  certain oil-solvent ratios at a tem- 
perature  about 5°C. below that  required for adequate 
winterization, two liquid phases were present in addi- 
tion to the solid phase. I t  was also indicated that  
moisture in the acetone might cause this separation 
into two liquid layers to take place at higher tem- 
peratures,  thus causing interference with the efficient 
separation of the solid f rom the liquid. I t  has been 
found that this effect of moisture can be effectively 
counteracted by the presence of a small proportion of 
a hydrocarbon,  such as hexane, to the acetone. Fif-  
teen percent  by  weight of hexane was found sufficient 
to prevent  liquid-liquid phase separation from inter- 
fering with the solvent winterization when less than 
about 1.4% by weight of moisture is present in the 
acetone as in the case of commercial grades of acetone. 

The present report  deals with the per t inent  phase 
behavior in the solvent winterization of cottonseed oil 
in two additional solvents ; namely, commercial hexane 
and a solvent mixture consisting of 85% by weight 
of acetone and 15% of hexane. With  these additional 
data it is now possible to compare the relative ad- 
vantages and disadvantages of acetone, hexane, and 
the acetone-hexane mixture for use as the winteriza- 
tion solvent for  cottonseed oil. 

Materials. Cottonseed oil No. 2, for  which the com- 
plete data with acetone have already been published 
(1),  was used in this investigation in order to permit  
direct comparison of the relative applicabili ty of the 
different solvents. I t  was a commercial refined and 
bleached oil having an iodine value of 108.2. The 
commercial hexane used was Skellysolve B. 2 A com- 
mercial C. P. acetone was used containing 0.5% of 

1 One of the laborato"ies of the Bureau  of Agr icu l tura l  a n d  Ind+ts;rial 
Chomistry, Agr icul tura l  Research Adminis t ra t ion,  U. S. Depar tment  of 
Agricul ture.  

2 The mention of t r ade  prodt~cts does not imply tha t  they are  en+ 
dorsed or recommended by the Dvpar tment  of Agr icu l tu re  over similar  
products  not mentioned. 

moisture as measured by a special Kar l  Fischer rea- 
gent for  ketones2 

Effect of Moisture in Acetone. To determine the 
approximate magnitude of the effect of moisture upon 
the formation of two liquid layers in the cottonseed 
oil-acetone system, 40% oil solutions were made up 
gravimetrically, using commercial acetone containing 
various amounts of added water. The solutions were 
slowly chilled to find the temperature  at which two 
liqtlid layers appeared. The presence of 1.4% by 
weight of moisture in the acetone caused the break 
to take place at +5°C .  instead of at --12°C.,  as pre- 
viously reported for commercial acetone. 

I t  was found that the addition of hexane counter- 
acts the tendency of moisture to cause two liquid 
layers. Using as solvent a mixture of 15 parts  by  
weight of hexane and 85 parts  of acetone containing 
1.4 weight percentage of water, a 40% cottonseed oil 
solution can be winterized at a chilling temperature  of 
--8°C. without the appearance of two liquid phases. 
This suggests the use of an acetone-hexane mixture as 
a winterization solvent for  cottonseed oil as a safety 
measure against the presence of moisture in the oil 
or the acetone• Fif teen weight percentage of hexane 
ill the mixture should be more than adequate to 
counteract the amounts of moisture which would be 
expected to be present in commercial acetone. 

Whderiza~tion Procedure. Labora tory  bench-scale 
winterization tests were carried out by the same pro- 
cedure as previously described except that  the rubber  
stoppers for  the centrifuge bottles were wrapped in 
tin foil to prevent  the sorption of hexane from the 
sampJes. In brief, duplicate weighed samples of the 
oil in definite oil-solvent ratios were chilled in a bath 
of the desired temperature  for  a definite holding-time. 
They were then centrifuged for 10 minutes. The clear 
supernatant  liquid was quickly decanted into a tared 
flask and the residl,_al solid fraction weighed. From 
the weights and oil contents of the solid and super- 

3 Mitchell, 3 ,  Jr . ,  and  Smith, D. M., "Aquame t ry , "  Interscience Pub-  
lishers, New York, 1948, pp. 146-151. 
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natan t  fract ions the total  amount  of solid which had 14 
separated dur ing chilling was calculated. The " p e r -  
centage of solid r e m oved"  is reported as the percent- la 
age of the total  oil present  in the original solution. 

Effect of Oil-Solvent Ratio and Temperature. Win- 6 Io 
=E 

terizations were run  on cottonseed oil-hexane mixtures  w 
8 between 10 and 75% oil by  weight at several chilling _= 

temperatures ,  using a 3-hour holding time without  -~ 
agitation. The results are plotted in F igure  1. Fo r  o 6 
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Fro. 1. Solvent-winterization data for cottonseed oil in speci- 
fied solvents. (3-hour holding-tlme.) 

any  given chilling tempera ture  there is only a slight 
increase in the percentage of solid separat ing as the 
concentration of oil is increased unti l  the concentra- 
tion reaches a certain value at  which the curve breaks 
sharply  and rises steeply. Because of the steepness 
of the curve these experimental  points are less pre- 
cise, having a reproducibi l i ty  of only about  1.0% 
solid removed as compared to 0.3% for  the acetone 
system (1). 

The results of similar winterization experiments  
carr ied out in a solvent mixture  consisting of 85% 
b y  weight  of acetone and 15% of commercial hexane 
are also represented in F igure  1. 

The marked  differences in the phase-relation be- 
havior  of cottonseed oil in acetone (1),  in acetone- 
hexane mixture,  and in hexane are demonstrated b y  
F igure  2, which shows the effect of chilling tempera-  
ture on the percentage of solid removed when the 
oil-solvent rat io is k e p t  constant, and by  F igure  3, 
which shows the chilling tempera tures  required to 
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FIG. 2. Percentage of solid removed at various chilling tem- 
peratures at constant oil-solvent ratios for cottonseed oil with: 
. . . . . . . . . .  , acetone; ,85-15 aeetone-hexane mixture; 
and , hexane. (3-hour holding-time.) 

cause the separation of specified percentages of solid 
as influenced by  the oil-solvent ratio. 

Fo r  oil-solvent ratios above the break in the hexane 
curves (F igure  1) a small change in the chilling tem- 
pera ture  results in a large change in the percentage 
of solid separat ing.  Thus to control the amount  of 
solid to be removed it  would be necessary to regulate  
the chilling tempera ture  very acurately  when  bexane 
is used as the winterization solvent (F igure  2). Using 
a 3-hour holding-time, the chilling t empera tu re  re- 
quired to remove a given percentage of solid is in 
general considerably lower in the hexane system than  
in acetone and is intermediate  for  the mixed solvent 
(Figure  3). Thus for  a 50-50 oil-solvent ratio a chill~ 
ing tempera ture  of - -4°C.  for  acetone, --7.5°C.  for  
the mixed solvent, and - -14°C.  for  hexane is required 
to remove 6% of solid f rom this oil, tha t  is, to pro- 
duce a winterized oil having a cold test  of 6 hours 
(1). For  lower oil-solvent ratios the differences would 
be even greater .  

F igure  2 also shows that ,  for  the acetone system at  
a given chilling temperature ,  the increase in the per- 
centage of solid separat ing per  10% rise in concen- 
t ra t ion remains relat ively constant  over the entire 
range of concentration studied. In  the case of the 
acetone-hexane solvent mixture  this change fo r  high 
oil concentrations is of the same order  of magni tude 
as with acetone but  becomes markedly  greater  as the 
concentration is lowered. Thus with the acetone-hex+ 
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I?IG. 3. Relation of chilling temperature to oil-solvent ratio 
for constant percentage of solid removed from cottonseed oil: 
. . . . . . . . . .  in acetone; - - ,  85-15 aeetone-hexane m~x- 
ture; and , hexane. (3-hour holding-tlme.) 
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FIG. 4. Effect of holding-time and of agitation on the per- 
cent solid removed: - - ,  3-hour holding-time; 
24- hour holding- time ; and . . . . . . . . . .  , 3 - hour holding- time 
with gentle agitation. 

ane mixture  at  - -10°C.  the percentages of solid re- 
moved f rom 20% and 30% oil solutions are 0.9 and 
5.3%, respectively, a difference of 4 .4%; and f rom 
60% and 70% oil solutions they are 11.4 and 12.6%, 
respectively, a difference of 1.2%. This implies the 
necessity for  a slightly more rigid control of the oil- 
solvent ratio in the solvent winterization of cottonseed 
oil in the acetone-hexane mixture  over tha t  of the 
acetone system except in very  high concentrations of 
oil. 

Effect of Moisture in Acetone-Hexane System. The 
presence of a small amount  of moisture results in a 
slightly larger  yield of solid separat ing at  a given 
chilling tempera ture  and also in bet ter  settling upon 
dentrifuging. Winterizat ion of a 40% cottonseed oil 
solution at - -8°C.  in an 85-15 acetone-hexane mix- 
ture, the acetone containing 1.4% of water,  resulted 
in 4.9% solid removed and 92.8% by  volume of clear 
superna tan t  liquid af ter  centr i fuging as compared to 
4.4% solid, F igure  1, and 88% clear superna tan t  with 
0.5% of water  under  tile same conditions. 

Cold Tests. The general  agreement  between the 
cold test  data for  the winterized oils obtained f rom 
these experiments  with those of the acetone system 
(1) showed that  regardless of which of the three sol- 
vents is used the same percentage of solid must  be 
separated to a t ta in  a specified cold test  value. Fo r  
this cottonseed oil 6% of solid must  be removed to 
give a winterized oil passing a six-hour cold test. 

E•ect of Holding-Time and Agitation. Using a 
24-hour holding-time, winterization curves were run  
at  - -12°C.  and - -8°C.  in hexane and  at  - -10°C.  in 
the acetone-hexane mixture.  The da ta  are plotted as 

broken lines in F igure  4. The full  lines represent  the 
corresponding 3-hour curves and the dotted lines 
3-hour curves, in which the sample was gently agi- 
ta ted by  swirling every 10 minutes dur ing the chill- 
ing period. I t  is appa ren t  that  above certain oil 
concentrations considerably more solid separates f rom 
the hexane solutions in 24 hours than  in 3 hours;  the 
difference is small at  low concentrations, increasing 
to a max imum just  below the break in the 3-hour 
curve, and becoming smaller '  for  higher concentra- 
tions. Thus for  a 65% oil-solvent ratio at - -8°C.  
only 0.2% of solid separates in 3 hours compared to 
7.4% in 24 hours. Fo r  the 75% oil-solvent rat io the 
corresponding values are 7.1 and 9.5%, respectively. 
This indicates tha t  in the hexane system a high de- 
gree of supercooling is necessary for  the solid to fo rm 
at  a reasonable rate.  

In  the case of the acetone-hexane mixture  the 
effect of increasing the holding-time is quite differ- 
ent. More solid separates  a t  all concentrations so tha t  
the curve is shif ted upwards ;  the change is greatest  
a t  low oil-solvent ratios and  decreases gradual ly  as 
the oil concentration is increased. 

The effect of gentle agitat ion is also markedly  dif- 
ferent  for  the two solvents. The percentage of solid 
separat ing in the acetone-hcxane mixture  is definitely 
higher than  without  agitat ion so tha t  the 24-hour 
curve is approached and the change is greatest  at  
low oil concentrations. In  hexane nei ther  the shape 
of the curve nor the position of the break is appre-  
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FIo. 5. Percentage by volume of clear supernatant layer 
after centrifuging cottonseed oil-solvent mixtures at 2,100 X 
gravity. (3-hour holding time.) 
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eiably changed, and there is no measurable effect at 
the lower concentrations. 

Effect of Oil-Solvent Ratio and Temperature on 
Settling. Using the technique previously described 
(1) the relative settlabilities of the solid separating 
were determined for various oil-solvent ratios and 
chilling temperatures in hexane and in acetone-hex- 
ane mixture. Figure 5 summarizes the data obtained 
for a 3-hour holding-time, showing the percentage by 
volume of clear supernatant liquid after centrifuging 
at a speed corresponding to 2,100 times gravity. The 
curves for 8-hour, 16-hour, and 24-hour holding-times 
(not shown in the figure) fall farther and farther 
below the corresponding 3-hour curves, but the effect 
is only slight; the maximum difference in clear super- 
natant is only 2% at the 20% oil concentration and 
about 6% at the 75% oil concentration. 
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FIG. 6. Weight percentage of winterized oil recoverable from 
clear supernatant of cottonseed oil-solvent mixtures centrifuged 
at 2,100 X gravity after chilling to give a 6-hour cold test, 
3-hour holding-time: A, 85-15 acetone-hexane mixture; B, hex- 
ane ; and C, acetone. 

Figure 6, obtained by calculations (1) from Figure 
5 and the above winterization data, shows the per- 
centage by weight of the original oil present in the 
clear supernatant liquid when 6% of solid has been 
removed. Thus it shows for different oil-solvent ratios 
the yield of winterized oil with a 6-hour cold-test 
recoverable by centrifugal separation of the above 
efficiency without washing the crystals. It is apparent 
that from this point of view acetone is the most favor- 
able solvent. 

Analysis of the data represented in Figures 1 and 5 
indicates that for any of the three solvents the first 
portion of solid which separates does not settle as 
well as when larger amounts are involved. This is 
illustrated by Figure 7 which shows how the "degree 
of packing" is influenced by the oil-solvent ratio and 
by the percentage of solid removed, the degree of 
packing being defined as the weight in grams of solid 
separating divided by the volume in cc. it occupies 
at the bottom of the chilled solution after centrifug- 
ing. Curves for the acetone system, derived from 
data previously published (1) and for various 24- 
hour experiments have been included. 

For the hexane system the curves show that the 
degree of packing increases sharply as the oil-solvent 
ratio increases and that for a given oil-solvent ratio 
it increases as the chilling temperature is lowered or 
as the holding-time is increased. With a 24-hour 
holding-time a maximum degree of packing is reached 
at about a 60% oil concentration in each case shown, 
or when 7% and 9% of the oil present is removed as 
solid at --8°C. and ~12°C,, respectively. For the 
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temperatures as influenced by the oil-solvent ratio and by the 
percentage of solid removed: ~ ,  3-hour holding time; 
and . . . . . . . . . .  , 24-hour holding-time. 

acetone-hexane mixed solvent a maximum is obtained 
for each temperature with a 3-hour holding-time and 
the maximum shifts toward lower oil-solvent ratios as 
the chilling temperature decreases. In all cases the 
maxima correspond to a seperation of from 9 to 11% 
of the original oil as solid. In this solvent again a 
longer holding-time results in a marked improvement 
in the degree of packing of the solid. When acetone 
is used as the solvent the change in degree of pack- 
ing for a given change in oil-solvent ratio is in 
general smaller. However, the maxima in the degree 
of packing as influenced by the percentage of solid 
removed become very sharp as the chilling temper- 
ature is decreased. 

It is noteworthy that for all the solvents, oil-solvent 
ratios, and temperatures studied, the maxima in the 
packing curves occur when approximately 6 grams of 
solid have been separated from 100 grams of solution. 
This was confirmed by the settling data obtained coin- 
cidental to the various winterization experiments. In 
these the chilling and centrifugation were carried out 
in a conventional 250-mi. centrifuge bottle at a speed 
corresponding to 525 times gravity instead of in a 
15-ml. conical centrifuge tube at 2,100 times gravity 
as in the above systematic settling experiments. At 
the lower speed and with the larger round-bottom 
cylindrical bottle the best settling is still obtained 
when 6% by weight of the oil-solvent mixture sep- 
arates as solid. This indicates that the position of the 
optimum packing is not a function of the centrifugal 
speed, within the limits studied, or of the size or shape 
of the centrifuge vessel used. 

Color. During the investigation of the winteriza- 
tion of cottonseed oil in hexane a slight difference 
in the color of the supernatant and the solid fraction 
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was noticed. The solid was more reddish in color. A 
Lovibond color analysis gave the following results: 
15 yellow and 1.4 red for the original oil and for the 
supernatant  f ract ion;  and 20 yellow and 2.3 red for  
the solid fraction. 

Discussion 
Under the conditions of these laboratory experi- 

ments hexane does not show promise as a practical 
solvent for  use in the solvent winterization o f  cotton- 
seed oil. A very close control of both the temperature  
and the oil-solvent ratio would be necessary in order 
to regulate the amount of solid separating in a 3-hour 
chilling period. At a given chilling temperature  the 
initial rate of crystallization is very low up to a cer- 
tain oil-solvent ratio. An increase beyond this ratio 
results in a sharp increase in the amount  of solid 
separating. A high degree of supersaturat ion seems 
to be necessary before the initial rate of crystalliza- 
tion is appreciable. A longer holding-time results in 
more solid separating with a less sharp break in the 
curve. However a holding-time longer than 3 hours 
would probably be impractical for  a continuous proc- 
ess. Gentle agitation does not result in any appreci- 
able improvement. Another  disadvantage of hexane 
as compared to acetone is the fact that  a much lower 
chilling temperature  would be required to produce 
a winterized oil, the difference being from 10 ° to 
15°C. and, at oil concentrations less than 40%, even 
greater. 

The use of acetone as a solvent has the advantage 
of a much more favorable chilling temperature  and a 
definite improvement in the settling qualities of the 
crystals which form. I t  has the distinct disadvantage 
that  the presence of a small percentage of moisture 
may cause the formation of two liquid phases in 
addition to the solid phase at the chilling tempera- 
tures required for adequate winterization, thus caus- 
ing complications in the subsequent isolation of the 
solid. 

The use of a mixture of acetone and hexane elimi- 
nates the major  disadvantages experienced with either 
solvent alone. The mixture containing 15 parts  by 
weight of hexane prevents the formation of two liq- 
uid layers at the temperatures  required for  adequate 
winterization, using acetone having a water content 
as high as 1.4% by weight, and it still does not cause 

the tendency toward supercooling exhibited when 
hexane alone is used. Compared with the acetone 
system the chilling temperature  necessary to attain 
a specified degree of winterization is f rom 2 ° to 7°C. 
lower. The difference is greatest at  low oil-solvent 
ratios. A slightly more rigid control of concentration 
is required to regulate the yield, bu t  the temperature  
control is of the same order of magnitude for the 
mixed solvent as with acetone. I f  the moisture con- 
tent of the acetone used is greater than 1.4% by 
weight, a larger proportion of hexane in the mixed 
solvent would be necessary. 

The ability of the solid to pack out on centrifuging 
depends upon the oil-solvent ratio, the chilling tem- 
perature,  and the solvent used, being very low at a 
given temperature  for a small percentage of solid re- 
moved, increasing to a maximum, and then decreasing 
as the percentage increases. These maxima appear  at 
different percentages of solid removed, calculated on 
the basis of the original oil present in any given solu- 
tion. However they all correspond to the same num- 
ber of grams of solid removed from 100 grams of 
solution. 

Summary 
Systematic phase relation data pertaining to the 

solvent winterization behavior of a refined cottonseed 
oil have been obtained for two additional solvents; 
namely, commercial hexane and a mixed solvent con- 
sisting of 85% by weight of acetone and 15% of 
hexane. Graphs have been constructed to show the 
effect of oil-solvent ratio, chilling temperature,  hold, 
ing-time, and agitation on the percentage of solid 
removed, the degree of winterization and the settling 
qualities of the solid separating. 

These data, with those previously reported for 
acetone (1), afford a basis for  the selection of the 
optimum conditions and procedures in the applica- 
tion of solvent winterization to cottonseed oil and 
bring out the relative advantages, disadvantages, and 
limitations of the three solvents. The aeetone-hexane 
mixture seems to combine the advantages and elimi- 
nate the disadvantages of either of these solvents 
alone. 
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