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tivities of the 9, 12, and 15 double bonds. Comparing
Run 26 with Run 25 in Table II1, it can be shown that
the absorption of 73% as much hydrogen caused the
disappearance of only 54% as much linolenic acid.
The only difference in the conditions of these two
runs was in the amount of ecatalyst. It is concluded
that a higher Rufert nickel catalyst concentration
favors hydrogenation of linolenic aeid in preference
to less unsaturated acids.
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The Production of Salad Oil by Fractional Crystallization

With Solvents

W.G. MERTENS, L.J. RUBIN, and B.F. TEASDALE, Canada Packers Ltd., Toronto, Canada

A fractional erystallization method for the winterization of
cottonseed oil with solvents was developed in our laboratories
and pilot plant.

Small amounts of solvent (e.g., 10% by weight of acetone)
were mixed with the oil. This mixture was rapidly chilled to
0°C. and kept at this temperature for 3-4 hrs.; the liquid
portion was separated from the solids.

After solvent evaporation a salad oil of good quality was
obtained. The yield is equal to or better than that obtained
with conveutional methods.

The method is suitable for a continuous operation since
rapid chilling can be used, and only a short over-all time is
necessary. Qreat advantages of the proeess ave the use of low
amounts of solvent and of a refrigeration system not requiring
temperatures below 0°C.

HE HIGHER-MELTING GLYCERIDES in cottonseed oil

I crystallize out at vefrigerator temperature and

therefore have to be removed in order to obtain
a salad oil. This is usually done by the well-known
winterization process, in which the oil is slowly cooled
to facilitate a partial crystallization, and the crys-
tallized portion is separated from the liguid oil by
filtration.

With this conventional winterization method it is
difficult to obtain good-sized, easily-filterable crystals,
and the rate of eooling as well as the rate of filtering
is quite slow. ‘‘Because of the slowness of the oper-
ation and the poor separation obtained, ordinary win-
terization is one of the least satisfactory of present
oil-processing methods’ (1).

Efforts have been made by many workers to im-
prove this conventional method, and the most prom-
ising ways seem to be the use of crystal modifiers
(13) and solvents. _

The great advantage of using a solvent-oil mixture
for fractional ecrystallization lies in the fact that
‘“equilibrium between the solid and liquid phases is

established much more rapidly, large easily-separable
crystals are produced even at relatively-high cooling
rates, and the viscosity of the liguid phase is reduced
so that separation of the crystals by filtration or other
means is more rapid’’ (1).

Previously-reported solvent crystallization methods
employ large amounts of solvents (the average oil:
solvent ratio is 1:3) at relatively low temperatures
(from —3° to —60°C.). Methods have been developed
for a variety of fatty substances (e.g., fatty acids,
lard, tallow), including peanut oil and cottonseed oil
(2,3,4,5,6,14).

The solvent winterization method developed in our
laboratories is different from previously described
methods in that it nses very small amounts of solvent
(in the order of 10%). The small amount of solvent
is a major advantage of this method since it elimi-
nates the need for large-scale solvent handling equip-
ment and reduces solvent losses markedly. A wide
variety of solvents was found to be useful.

Even with this small amount of solvent however, a
fast chilling of the oil-solvent mixture in a Votator
type of heat exchanger is possible, and the temper-
ature desired for further erystallization (around
0°C.) ecan easily be maintained with regular refrig-
eration equipment. Coutrary to our expectation, these
conditions do not result in the formation of an un-
manageable gel but produce large-sized, easily-filter-
able crystals. The necessary crystallization time at
about 0°C. is only 3—4 hrs. as compared with 1-2 days
for regular winterization. This eliminates the need
for large-capacity refrigerated tanks and opens the
way for a continuous winterization process.

One commercially-used continuous solvent winter-
jzation method (6,7) usually employs 50~60% hexane.
It takes advantage of the fact that the oil is already
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in a solvent solution (miscella) after solvent extrac-
tion and solvent refining. Our method is intended for
the oil processor who starts his winterization process
with refined cottonseed oil. In this case it would seem
to be of great economic advantage to use as small an
amount of solvent as possible and relatively small
hold-up facilities, yet to be able to employ a fast
chilling step.

Under the conditions of our method a yield of
75-78% cottonseed salad oil with a cold test of 15-20
hrs. was obtained. Longer holding times (6-8 hrs.)
gave longer cold tests (up to 60 hrs.).

This solvent winterization method combines the ad-
vantages of a low temperature, large solvent amount
crystallization (fast crystallization without solidifica-
tion of the mass) with the economic advantages of
regular refrigeration temperatures and low solvent
losses because of the small amounts of solvents used.

COLD
TEST

401hrs.
35
30
25 4
20+
154
101

2 3' 4' 5r é hrs.
CRYSTALLIZATION TIME

Fie. 1. Increase in cold test with increasing erystallization
time. Solvent:10% acetone.

Previous publications (3,4,5,14) give the general
impression that low-temperature crystallization of cot-
tonseed oil with solvent amounts smaller than about
259% of the weight of the oil would lead to the crystal-
lization of large amounts of high-melting glycerides
and would produce a material of high viscosity, pos-
sibly a gel, which cannot be separated into solid and
liquid fractions.

Since it was realized that great economic advan-
tages were possible if one could increase the temper-
ature above the —10 to —15°C. range commonly used,
at the same time reduce the amount of solvent as
much as possible and still get a good ecrystallization
in a reasonably short time, tests were started in our
laboratories to investigate these points.

Experimental
1. Laboratory Tests

Different amounts of acetone were mixed with cot-
tonseed oil and stored at 0°C. We were able to reduce
the solvent amount to 10% without eausing the oil-
solvent mixture to crystallize excessively during a
time of 34 hrs. Solid and liquid phases could be
separated easily, and the winterized salad oil obtained
had a cold test of 15-20 hrs.
seStandard Procedure. First, 90 g. of refined, bleached
cottonseed oil were mixed with 10 g. of acetone in an
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TABLE I

Cold Test of Cottonseed Oil, Solvent-Winterized with
Different Solvents

Solvent concentration: 10% Crystallization temperature: 0°C.

Solvent Ace. MEK. MIK. MAc. EAe. IPA., EEt.

Cr. time: 1
4 hrs. . .22 20 9 3 8 4 8
6 hrs. . 10 38 33 35 30 27 27

Erlenmeyer flask and stored in a bath of melting ice.
The flask was stirred gently during the first 10 min.
to obtain a fast chilling, and the mixture was then
allowed to crystallize without agitation at 0°C. Sam-
ples were taken at regular intervals and filtered in
the cooler through Reeve Angel No. 230 filter paper;
the solvent was evaporated on a hotplate under a
stream of nitrogen. Cold tests and I.V. were deter-
mined. An example is given in Figure 1.

The standard conditions, which are outlined above,
were varied in order to find optimum operating con-
ditions and tolerance levels.

Different Solvents. Various solvents are mentioned
in the literature for solvent crystallization of fatty
material (5,6,8,10). Many of these proved to be
useful for our method. Satisfactory results were
obtained with 10% of acetone, methyl ethyl ketone,
methyl isobutyl ketone, ethyl acetate, isopropyl ace-
tate, and ethyl ether. Good results were also obtained
with 20% of dimethyl formamide.

These solvents help to form large, easily-filterable
crystals and allow (or assist) the high-melting portion
of the oil to crystallize out. They have the ability to
prevent the oil from turning into a stiff, gelatinous
mass under the test conditions and thereby make this
fast process possible. There is a tendency toward the
formation of a gel with increasing molecular weight
of the members of a solvent group.

Some test results with different solvents are listed
in Table I.

Unsatisfactory solvents under the test conditions
(0°C., 10% solvent) were the higher alcohols, chlo-
rinated hydrocarbons, hexane, petroleum ether, ben-
zene, toluene, and tetrahydrofuran. Either a stiff)
gelatinous mass was formed (alcohols, carbon tetra-
chloride, perchloroethylene), or ecrystallization was
too slow and. therefore did not produce an adequate
cold test (benzene, toluene, hexane). It must be un-
derstood however that a lower crystallization temper-
ature would make it possible to use solvents which
exhibit a slow rate of erystallization at 0°C.

Temperature Changes and Solvent Concentration.
The crystallization rate depends upon the relation of
temperature to amount of solvent. A lower tempera-

TABLE II

Solvent Crystallization of Cottonseed Oil at —2.2 and—4.0°C.
Solvent concentration: 159

Crystal- .
Solvent lization S.allg(i oil
tfime o est
Temp, —2.2°C. hrs. hrs.
Y= 00} 4 U T OO USRI 2.5 8.5
M.E. Ketone... 2.5 10.5
M. Ib. Ketone 2.5 8.5
3.5 stiff mass
Met. Acetate... 2.5 3.5
Et. Acetate. 2.5 3.5
Ip. Acetate.. 2.5 3.5
3.5 stiff mass
But. Acetate...... 2.5 stiff mass
Temp. —4.0°C.
ACetONe. e 2.0 stiff mass
M.E. Ketone... 2.0 stiff mass
Et. Acetate...ooooiiiivin i 2.0 stiff mass
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TABLE III

Solvent Crystallization of Cottonseed Oil with Moisture in the Solvents
Solvent concentration: 109 1.V. of cottonseed oil : 107.5

1.V.ata Cold test at
crystallization c?irrsntglg}z.
Solvent time of (hrs.) (hrs.)

3 4 6 4 6

Acetone ATy cerierienrniinnrinnn 108.7 112,5 114.0 17 36
Acetone 29, water. .| 110.1 112.8 114.3 23 27
Acetone 4% Water erviviriiiniennan 109.7 112.7 113.9 24 31
M.E.Ketone Ary.cvcieiiinens 109.2 114.3 114.1 25 38
M.E.X. water sat......oeiiiiiiniinns 108.9 114.1 114.2 21 44
M.Ib.Ketone Ary.cooeviiniiiinnns 108.7 112.6 114.6 9 48
M.Ib.K. water sat.. .| 109.3 1131 1134 14 48
Ethyl acetate dry. 1087 1117 1144 8 25
B.A. WAter $atu.rieriiiiviiiiinnerens 108.6 112.4 113.7 9 27
Isop. acetate 18 o SN 108.4 1101 113.8 4 41
Ip. A, water sat.......ccoveiveinens 107.8 1114 114.1 5 25

ture will increase the crystallization rate and shorten
the process, but it may also lead to the formation of
an unfilterable gelatinous mass. This however can be
prevented by the use of more solvent.

With our preferred solvent concentration of 10%
a temperature of from —0.5° to 1.0°C. has to be main-
tained during chilling and hold-up time if one wants
to use the shortest possible crystallization time of
about 3-4 hrs. This temperature is however not essen-
tial for the method as such, and slightly higher tem-
peratures may be used. In order to obtain a salad
oil of the same cold test, higher temperatures require
longer holding times. Temperatures below —0.5°C.
require more than 10% solvent. A fair crystallization
rate was obtained at —2.2°C. with 15% of ketones
and acetates, but even more solvent has to be used at
—4°C. (Table 1I).

The emphasis of our process is on the use of small
amounts of solvent. We did not investigate the use
of large solvent amounts at lower temperatures in
order to shorten the crystallization time below the
3—4 hrs. required in our procedure.

The use of larger amounts of solvents, lower tem-
peratures, seeding with crystals, or the nse of special
crystal modifiers are however suggested as possible
ways to a shorter time-eycle. The use of crystal
modifiers was not investigated ; they might also make
the use of other solvents at different concentrations,
and at different temperatures, possible.

The gain in over-all time due to fast crystalliza-
tion at the lower temperatures was not significant. 1f,
on the other hand, the solvent amount at the regular
temperature of 0°C. was increased from 10 to 20%,
most solvents showed too slow a crystallization rate.
Only dimethyl formamide gave a better performance
at the higher (20%) concentration.

Water in the Solvent. It is reported that water
in the solvent, condensed from the air or stemming
from the oil, may infiuence the crystallization behavior
(5,9,10).

Acetone with up to 4% water, and water-saturated
methyl ethyl ketone (11.9% H»0), methyl isobutyl

TABLE IV

Solvent Winterized Cottonseed Salad Oil Samples from a
Continuous Pilot Plant Test

Solvent concentration: 10% acetone 1.V. of cottonseed oil: 106.8
Temperature in cooler: —0.5°C.
Crystallization time (hrs.)......cccoeeee 3 3.5 4 3.5 3.5
I.V. of salad oil...c..ccoereniiiiiiiiiiiiinnin, 1121 114.8 1121 1114 112.2
Cold test of salad oil (hrs.).....c.c..... 17 30 28 18 30

Vor. 38

ketone (1.7% H,0), ethyl acetate (2.8% H,0), and
isopropyl acetate (2.3% H,O) were tested. No sig-
nificant differences in the winterization behavior of
these solvents as compared with dry solvents were
found under the test conditions. A solvent with a
low level of water saturation would allow the process
to be run under very stable conditions since it could
be used fully saturated and excess water would settle
out (Table 111).

Crystallization Téme. An increase in the hold-up-
time during erystallization of the oil produces a salad
oil with a higher cold test (Figure 1, Tables I and
III). One has hereby an easy means of adjusting the
final salad oil properties. A crystallization time of
3-4 hrs. (with 10% solvent at 0°C. and with slight
agitation of the material) will give a salad oil with
a 15-20-hr. cold test; 6 hrs. of crystallization time
gave 30-40-hr. cold tests, and 6-8 hrs. of hold-up
time produced salad oil with up to 60-hr. cold tests.

SOLVENT
SOLVENT RETURN
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C.S.0IL cooler
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EXCHANGER || cRys[TIALLIZATION :
) !
| I
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REFRIGERATED ROOM SALAD  HIGH MELTING
oL GLYCERIDES
Fig, 2. Schematic outline of solvent winterization process.

Agitation and Seeding. The crystallization rate is
speeded up by a slight agitation of the material. This
helps to contact all oil portions with the first crystal
nueclei and gives fast and uniform crystallization.

Seeding, the addition of 2% cottonseed oil press-
cake to the oil-solvent mixture in the precooling stage
at about 10°C., increased the crystallization rate dur-
ing the hold-up time too much and resulted in the
formation of a stiff, gelatinous mass.

2. Pilot-Plant Tests

After the process conditions had been established
by laboratory tests, work was transferred to the pilot

plant. The following procedure was employed.

Precooling. Refined and bleached cottonseed oil was pre-
cooled under agitation to about 10°C.

Solvent Addition. Ten percent by weight of acetone was
added to the oil and mixed until dissolved.

Chilling. The oil-acetone solution was chilled rapidly in a
continuous stream by running the material through a pilot-
plant-size Votator A-unit heat exchanger. The outlet temper-
ature was 0 + 0.5°C.

Crystallization. The material was run into a set of cloosed
hold-up tanks (pails) in a refrigerated room (0 * 0.5 C.),
where it was kept under slow agitation for about 3 hrs. This
allowed for sufficient erystallization. In order to maintain a
constant erystallization temperature, additional cooling eoils
have to be installed in large-capacity holding tanks, to offset
the heat of erystallization.

Another possibility would be a refrigerated continuous hold-
up system, €.g., 2 tank with baffles or a pipe system.

Pumping. As soon as the crystallization had reached the
desired level, the material was pumped to the separating device.
Since fat erystals are of a semisolid state and can easily be
demolished or broken up, centrifugal or gear pumps are un-
suitable for this purpose. Air pressure, applied directly to the
closed holding tanks, or diaphragm pumps ean be used. In a
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continuous arrangement the Votator pump ecan possibly be used
to push the material through the whole system.

An air-operated diaphragm-pump was used for our tests;
air pressure at the beginning of filtration was 10 p.s.i., whieh
was slowly increased to about 15 p.s.i. with the formation of a
layer of erystals in the filter.

Separation. Separation of the liquid portion from the erys-
tallized portion was achieved by eentrifugal means or with
filters. A regular plate and frame filter, covered with duck
filter-cloth and No. 230 filter-paper, performs sufficiently well,
in particular after a crystal layer has been built up on the
filter paper. The erystallized material gets an additional hold-
up time in the filter-press, and an increase in cold test was
noted. In addition, the high concentration of erystals in the
press probably not only filters the oil mechaniecally but also
causes a final erystallization of high-melting glyecerides.

The flow rate of this system was adjusted in such a way
that the oil in-flow from the Votator chilling unit was equal
to the pumping rate through the filter, and the erystallization
pails had a capacity of about 3 hrs. of oil flow. Tests were run
continuously for about 8 hrs. each and gave good and repro-
ducible results. One example of a series of samples is listed
in Table IV.

Yields of salad oil were in the order of 75-78% of
the incoming oil. A baffle system was tried as a traly
continuous hold-up arrangement, but by-passing oc-
curred and the salad oil had a cold test in the order
of only 15 hrs. Centrifugal separation of the liquid
and solid phases was investigated because it would
be a further step towards continuous operation.

A laboratory Sharples Super-Centrifuge was tried
with both the separating bowl (discharge of two
streams) and the clarifying bowl (solid fraction re-
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maining behind). Only the clarifying bowl gave good
results. The crystallized material after a 31%4—4-hr.
hold-up time was separated with a centrifugal force
of about 6,500 x g. The liquid discharge was perfectly
clear, and the salad oil had a cold test of 16-20 hrs,
with an average yield of 80%.

A basket type of laboratory centrifuge produced
only an uusatisfactory separation with centrifugal
forces of up to 1,800 x g, both with a solid bowl and
with a perforated bowl lined with filter-cloth and
filter-paper. A schematic outline of the whole process
can be seen in Figure 2.
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The Oxyethylation of Dinonylphenol

R.C. MANSFIELD, J.E. LOCKE, and K.A. BOOMAN, Research Laboratories,

The Rohm and Haas Company, Bristol, Pennsylvania

Countercurrent extraction data have shown that ethylene ox-
ide adducts of dinonylphenol have a wider molecular-weight
distribution than is predicted by the Flory-Poisson caleulation.
The difference is attributed to the fact that the dinonylphenol
is not completely converted to dinonylphenoxyethanol before
subsequent monomer additions occur.

strates in the preparation of nonionie surface-

active materials by the base-catalyzed reaction
with ethylene oxide is well known (1,2). Flory (3)
has described a method of calculation of the molec-
ular-weight distribution of polymers obtained by oxy-
ethylation reactions and has shown that a Poisson
(4) distribution will be obtained in such reactions,
provided that the number of propagating units re-
mains constant and that the polymer chains are built
up by a sequence of kinetically identical additions of
monomer. Weibull and Nycander (5) have demon-
strated that the oxyethylation of ethylene glyeol
meets the requirements of the Flory calculation and
results in polymers having a Poisson distribution.
Miller, Bann, and Thrower (6) observed that in base-
catalyzed oxyethylations of phenol, the phenol is
first exclusively converted to phenoxyethanol before
any subsequent monomer additions (‘‘chaining’’)
occur and that a Poisson type of distribution results
from the subsequent addition of ethylene oxide. Simi-
lar results were obtained by Mayhew and Hyatt (7)
from oxyethylations of p-nonylphenol and by Kelly

THE ustE of 4-alkyl and 24-dialkylphenols as sub-

and Greenwald (8) from a study of the molecular-
weight distribution of oxyethylated p-t-octylphenol.
Therefore the molecular-weight distribution of oxy-
ethylated phenol and p-alkylphenols apparently can
be calculated by the method of Flory, considering
the phenoxyethanols as the propagating units.

Countercurrent extraction data obtained in these
laboratories have indicated that oxyethylated dinon-
ylphenol has a molecular-weight distribution not in
agreement with the Poisson distribution, caleulated
by the method of Flory. The disagreement may result
because one of the basic conditions required for adap-
tation of the Flory calculation to phenols (t.e., that
all of the phenol is first converted to the phenoxy-
ethanol before ‘‘chaining’’ occurs) fails to apply to
dinonylphenol oxyethylations. This fact was substan-
tiated by chromatographic data which have demon-
strated that appreciable ‘‘chaining’’ does oceur in
dinonylphenol oxyethylations before all the dinonyl-
phenol has been converted to dinonylphenoxyethanol.
As a result of this premature ‘‘chaining’’ dinonyl-
phenol-ethylene oxide polymers have a wider molecu-
lar-weight distribution than would be expected on
the basis of ealculation by the method of Flory.

Experimental

Preparation of Dinonylphenol. Dinonylphenol
(DNP) was synthesized by the boron trifluoride-
catalyzed reaction of propylene trimer (a complex



