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“The invention herein described may be manu-
'factured and used by or for the Government of
‘the United States of America for governmental
purposes throughout the world without the pay-
ment to us of any royalty thereon.

...'This invention relates to procésses for remov-
ing ¢olor bodies from crude natural oils by refin-
ing them with an aqueous alkali. ‘

. ‘More" particularly, this invention prov1des an
improvement in the step of bringing the aqueous
alkali into contact with the color bodies, This
improved contact results in a more complete con-
version of the color bodies into removable sub-
_stances and in a reduction of the undesirable side
reactions inherent in alkali refining processes as
heretofore practiced.

The seemingly simple: process of alkah-reﬁnmg
a natural oil, i. e., contacting the oil with an
aqueous alkaline solutlon and separating the oil
from the solution and oil-insoluble substances,
involves ‘a complicated interaction of chemical
“and physical phenomena. When contacted with
the alkali, the fatty acids present form oil-insolu-
“ble soaps and pass into the agqueous phase where
.most of them remain suspended, rather than dis-
solved, due to the “salting out” effect of the

. high" ion ‘concentration .of the aqueous phase.
The aqueous phase tends to become an enormous
‘number cf minute particles of a soft gzelatinous
nature. At the same time the phosphatides, pro-
teins or "protein” fragments, and gums are hy-
‘drated and forced out of solution or at least into
coarse suspension .in the oil. At the same time
a portion of the oil is sapomﬁed by the alkali 1nto
808DS and glycerol.

‘Since the particles of the aqueous phase coa-:

lesce, and since during their growth or coales-
cence the color bodies along with other impurities
‘in the oil phase are isolated from the oil phase
"and adsorbed into the water phase, refining pro-
cedures  have heretofore -been* directed toward
quickly mixing the aqueous alkali with the oil to

.form an-emulsion, and, from that point on, avoid- .

:ing undue agitation while increasing .the rate .of
.growth .of the particles of  the agueous phase.

-For. example in a. typical commercial refining -

operation in which crude cottonseed oil is refined
.with aqueous- sodium - hydroxide -in large open
kettles, . the kettles have a capacity .of 60,000
pounds of . oil each, are cylindrical in shape, and
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have a_conical bottom., Each kettle is provided '

with.a steam. coil for heating the charge and
an agitator for mixing.. The oil is charged to
the kettle at a temperature of about 70° F. ‘After
. all trapped air bubbles have escaped from the oil,
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the agitator is set for “rapid mixing,” which
means that the agitator is made to revolve at
a rate of ‘30 to 35 revolutions per minute. - The
correct amount of 1ye is added, and a milky emul-
sion forms immediately. - As mixing continues
small particles of soapstock appear and com-
mence to grow:in ‘size. ' After a mixing period
which may range anywhere between 10.and 45
minutes, the agitator is slowed to 8 to 10 revolu-
tions per minute, steam is passed into the heating
coil, and the temperature is raised to the point
where relatively large flakes of soft soap form
(about 140° F.). -At'this point heating and agita-
tion'is discontinued, and the mixture is allowed
to’ separate into an upper layer of clear, refined
?il ta,nd a lower layer of semi-solid soapstock or
oots.

While numerous improvements in-the mixing
of aqueous alkali with the oil have been proposed,
and while better results in re-refining processes '
(where the oil treated contains practically no free
fatty acids and emuisifies more slowly) are known
to-be obtained when high rates of agitation are
used; the improvements in crude oil refining have
all been directed toward rapidly mixing the aque-
ous alkali with ‘the oil so that the naturally

-resulting milky-appearing emulsion is quickly

formed and avoiding, as far as is practically
possible, mixing further, so-as to allow the rapid
breaking of the emulsion due to the growth of the
particles of the aqueous phase. Since crude natu-
ral oil-aqueous alkali mixtures rapidly form a
relatively stable emulsion of a milk-like consist-
ency, and since the removal of nonglyceride com-
ponents (fatty acids, etc.) with the least possible
loss of glyceride components (o0il) is a principal
object of the refining; it was heretofore believed
that since the soap and other surface  active
agents are good emulsifying agents, as soon as
the milky ‘emulsion was formed, any further
vigorous- agitation defeated an objective-of the
refining process by mechanically forcing more
and more ‘0il to remain as fine droplets in the
aqueous phase. Such additional agitation is
avoided even: in continuous processes where for
example, proportioned oil and alkali streams at
from about 75 to 85° F. are combined in a mixing
chamber where the milky emulsion forms, quickly
raised to about 140° . until the emulsion breaks
and quickly separated by high speed centrifuges,

“with only about 3 minutes being allowed to elapse

between the time the oil leaves the proportion-

ometer until it emerges as-a refined oil. ‘It being
' strongly believed that longer periods of mixing

merely increased r‘eﬁmng‘losses due to the reten-
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tion of more oil droplets in the adueous phase
and to an increased period in which saponifica-
tion was occurring, the improvements proposed
for such continuous process either increase the
rate of mixing prior to the formation of the emul-

sion, or shorten the time that the phases are

allowed to remain in contact with each other aiter
the formation of the emulsion.

We have surprisingly found that, contrary to
the previous teachings and - beliefs- regarding
alkali-refining; if the agueous alkali has an
alkali concentration equivalent to a sodium hy-
droxide solution of greater than 10%, and if the
agitation of the crude oil and aqueous alkali mix-
ture is far greater than that heretofore employed,
an actual “shearing-together” of the oil and

aqueous alkali; if this agitation is continued for -
from 0.5 to 40 minutes, the refining process caix -

be conducted, employing the usual apparatus and
conditions for all but the mixing step, without
an increase in the refining loss, but with a color
reduction far above any heretofore . obtained;
partlculaxly in the refining of dark crude oils con-
taining a high perceptage of color bodies which
are reactive only with strong alkali.

As employed throughout the specification and
claims, the term “shearing-together” refers mix-
ing at a rate equal to or greater than the mini-
mum rate at which we have found that a crude
oil-lye mixture must be mixed in the practice of
the present  invention.

Recognlzmg that rate of agitation is very diffi-
cult to define we have devised a simple test where-
by one skilled in the art can tell whether a given
inerease in rate of agitation of an oil-aqueous
alkali mixture amounts to a mere change in de-
gree or crosses the threshold into the realm of
shearing-together the oil and aqueous alkali
wherein entirely uncbvious and advantageously
dlfferent effects are produced. We have found
that the approximately minimum rate of agita-
tion which amounts to shearing-together is one
which emulsifiles the oil-aqueous alkali mixture
in a fraction of a second and which, continued at
the same rate under substantially isothermal con-
ditions after the heat due to the reaction of the
aqueous alkali with the oil has been dissipated,
increases the temperature of the mixture at the
rate of at least 0.5° F. per minute. In general,
rates so increasing the temperature of the mix-
“ture of from 0.5 to 3° F. have heen found to he
sufficient in the practice of the present inven-
tion.

The shearing-together of the oil-aqueous alkali
mixture can be accomplished in any mixing ap-
paratus capable of providing the above rate of
agitation. The agitation need not be continuous
in the sense of a paddle continuously turning in
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a liquid but can be intermittent (for example as .

in the forcing and reforcing of the mixture
through very small or sharply curving passages)
so long as the overall agitation causes the tem-
perature to rise at the above rate. The stirring
of an oil-agueous alkali mixture in a vessel hav~
-ing sufficient. bafiles to insure a thorough. mixin
with an agitator having 18 inches of cuiting edges
per pound of mixture at a rate at which the
cutting edges of the agitator pass through the
mixture at about 800 feet or more per minute has
been found to accomplish the shearing-together
of the oil and aqueous alkali.

While increasing the rate of agitation of the
.oﬂ-aqueous alkali mixture to the point of shear-
ing-together the coinponents makes. a marked
improvement in the amount of color removal in
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‘arable phases.
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n tne refining process, further inéreasés in the
rate of agitation have been found to produce but
little effect upon the color removal.

The mere application of a substantially instan-
taneous shearing-together agitating action upon
the oil-aqueous alkali mixture followed by an im-
raediate separation of the aqueous and oil phases
does not accomplish the advantages of the preseng
process. Particularly in the early stages, the
length of time for which the oil-aqueous alkali
mixture is sheared-together effects the color of
the refined oil. We have found that in refining
erude cottonseed oil in accordance with the
process of our invention, at least one-half minute
is required. However, the improvement in color
with increased shearmg together time becomes

decreasingly small as the time becomes longer,

and in general, the improvements obtained by
shearing-together for more than about 40 min-
utes are relatively small. We have found the
preferred shearing-together times to be from
about 1 to 15 minutes with the exact time to be
used for a particular oil varying with the char-
acter of the oil and the economics of the appllca-
tion of longer times.

The temperature at which the oil-agueous
alkali mixture is sheared-together should be as
low as is economically feasible (the power re-
quirements increase rapidly with the increase
in viscosity). We have found that the color of
the refined oil from crude cottonseed oil increases
rapidly as the temperature at which the shear-
ing-together operation is increased beyond 160°
. In general this opération is preferably con-
ducted at a temperaturé of from about 60 to 120°
F. with the exact temperature best suited for a
particular oil varying with the characteristics of
the oil and the ecohomics of using the lowest tem-
perature. .

The process of this invention has been found
to vastly improve the alkali refining of glyeeridic
mixtures, such as those of the natural oils, con-
taining color bodies which react with strong
alkali to form oil-insoluble substances. Crude
cottonseed oil is a particularly preferred natural
oil to be refined by the process of this inven-
tion. In this connection, the step of shearing-
together the oil and aqueous alkali in accordance
with this invention provides the entirely un~-
obvidus ahd highly advantageous. result of form-
ing an aqueous phase- oil phase mixture from
which the fatty acids in the form of soaps can
be readily separated from the oil without neces-
sary additional treatments or careful control to
insure the breaking of the emulsion into two sep-
: This result is particularly sur-
prising since while mixing a comparable agueous
alkali with a refined cottonseed oil at a com-
parable rate under comparable conditions pro-
vides an improvement in the amount of color so
removed as -compared to that removed by & re-
refining process employing a conventional mixing
step; in order to remove as much soapstock as
would be removed in the conventional process, it
is necessary to add water and slowly and care-
fully stit the mixture produced by the rapid mix-
ing of the refined oil‘and agueous alkali. " In-con-
trast, when the cottonseed oil in the crude stateis
sheared-together with the agueous alkali in ac-
cordance with the process of this invention, the
color Temoval is not only much greater than that
obtainable by a conventional refining of the same
oil, but the soapstock removal is as easy and.as .
complete, and the application of special steps or



prec]zutions is not required in removmg the soap-
stoc ‘

“The ‘pDrocess of this 1nvention can suitabiy be
conducted employing any of the’ readily available
alkali’metal ‘hydroxides in an aqueous -solution
containing an amount ‘of ‘alkali metal equivalent
to'that'of'a 10%: sodiui -hydroxide solutién; We
have''foind that solutions’ contammg ‘legs than
about 10% sodium hydroxide ior-the equivalent
of Hthium ‘or potassium hydroxide'remove sib-
-stantially less’ color than’ those ‘containing from
sbout 10 to 36%. Aqueous solutions ¢ontaining
between about 14 and 26% ‘sodiuri hydioxidé are
partlcularly preferred for employment 1n ‘the
presentprocessi i AR e

As in the’ conventlonal alkah reﬁning processes;
the amount of aqueous alkali used ‘should be suf-
ficlent to' provide the stoichiometric equivalent of
a.lkali ‘based upon the’ fatty acid content ofthe oil
and about’ a 0 1to 1. 0% excess
ventional processes, mcreasmg the amount-of ex-
cess alkali increases ‘the amount of color removal
but. also mcreases the amount of reﬂnmg loss,-and
the amount of ‘éxcess to be-used depends'upon the
balance desired between most’ completely attain-
able color renioval andthe refining loss.

The process of the present invention can be

+ As'in the'con-

10

gg “EE

26

employed in a' éontinuous or batch-wise manner. -

In’ general, with the exception of ‘the conditions
‘specifled above for the ‘mixing step, it can be
suitably accomplished under conventional condi-
tions employing the’ various types' of apparatus
now commonly used.

The following examples are submitted to illus-
trate certam phases of the’ present invention in
detail’” However’ sihce numerous’ other materials
and processing conditions ‘can suitably be used,
the scope of the invention is defined by the claims
and is not to be construed as being limited to the
particular substances steps or conditions recited
in the examples

EXAIV.[PLE I

The eﬁect of shearmg-together the oil
and aqueous alkali

Four samples of crude cottonseed oils obtained
by. conventional extraction processes from. cot-
tonseed produced in areas scattered throughout
the cotton belt were refined by the official method
of the American Oil Chemists’ Society, Method
Ca9%a—41, modified only in that 20° Bé. lye was
used in an amount providing a 0.59% excess of
sodium hydroxide.

The following refined oil colors and refining
losses were obta.ined in the above refining proc-
esses,

Refining
Refined oil color,

Sample ! loss

Lovibond units perceht

1 35 yellow, 5.5 red._... 5.7
2 35 yellow, 5.6 red...... 4.4
3. 36 yellow, >32red..... . 12.8
4 35 yellow, 24.5red..... 6.2

‘When the same oils were refined in the same
way except that the 15 minutes of “rapid agita~
tion’ specified in the official A.'O. C. S. refining
test was replaced by the shearing-together of the
oil-aqueous alkali mixture in a bafled vessel with
a dissolver type impeller operating at 1720 R.P. M.
(16.8 inches of cutting edges per pound of oil
with the cutting edges traveling at 1125 feet per
minute), the following refined oil colors and re-
fining losses were obtained.
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Reﬁned oil color, IR

Samplé Lovibond units

35 yellow, 5.4red......
- 35 yellow, 5.2red._....

SRR : 35 yellow, 9.5red. :
B R - : z 35 yellow, 148red .....

It is apparent that even without adapting the
operating conditions to the particular oil being
refined, a markedly greater (up to nearly 4 times
greater) reduction in color is-obtained with sub-
stantially the same refining loss.by merely shear-
ing-together, rather than simply mixing together,
the 011 and aqueous alkali : i

EXAMPLE II
The eﬁ‘ect of tempemture

Sample 4 was refined by shearing-together
(16.8 inches of cutting edges per pound of oil and
the cutting edges traveling at 1125 feet per min-
ute) for 10 minutes the crude oil and an amount
of 20° Bé. sodium hydroxide providing -a- 0.5%
excess of sodium hydroxide. over that required
to react with the free fatty acids. The following
relationship. between the temperature at which
the shearing-together was performed and the
Lovibond color -of; the refined 0il was observed.

Oolor of reﬂneti oil

. Tempereture, °a. - Lovibond red units

35 yellow, 10 7 red. .
35 yellow, 12,8 red,
35 yellow, 15.1red.: -
35 vyellow, 17,7 red._ .

40

EXAMPLE III
The eﬁect of alkali concentratzon

Sample 4 was reﬁned by shearing-together
(16.8 inches of cutting edges per pound of oil and
the cutting edges traveling at 1125 feet per min-
ute) for ten minutes the crude oil with various
strengths of sodium hydroxide added in an
amount providing a 0.5% excess of sodium hy-
droxide over that required to react with the free
fatty acids. The following relationship between
the strength of the sodium hydroxide solution
used in the refining and the Lovibond color of the
refined oil was observed.

Color of refined ofl,

. Btrength of sodtum hydroxids, ® B8, Lovibond units

>32.0 red,
>32.0 red.
.| 35 yellow, 15.1 red.
35 yellow, 11.6 red.
35 yellow, 11.3 red.

BRY|EP

EXAMPLE IV
The effect of excess alkali

Sample 4 was refined by shearing-together
(16.8 inches of cutting edges per pound of oil and
the cutting edges traveling at 1125 feet per min-
ute) for ten minutes the crude oil with amounts
of 20° Bé. sodium hydroxide providing . various
excesses of alkali. 'The following relationship be-

‘tween excess alkali over that needed to react with
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the free fatty acids and the Lovibond color of
the refined oil was observed.

Color of ‘refined oil,
Lovibond units

Excess sodium hydroxide, percent

>32.0red.

| 35 yellow, 22.0 red.
35 yellow, 15.1 red.
35 yellow, 12.5 red.

. EXAMPLEV
LA The effect of time

Sample 4 was refined by - shearing-together
(16.8 inches of cutting’ edges per pound of oil
and the citting edgeés traveling at 1125 feet per
minute) for various lengths of time the crude oil
with an amount of 20° Bé, sodium hydroxide
proving a 0.5% excess of sodium hydroxide. The
following relationship between times of shearing-
together and Lovibond color of the refined oil
was observed. ‘

Color of refined oil,

. Time of shearmg;together, min. Tavibond units

35 yellow, 156.1 red.
35 yellow, 15,1 red.
_| 35 yellow, 14.7 red.
35 yellow, 18.7 red.

Having thus described our 1nvention, we claim:

1. A process for refining a crude natural oil
containing color bodies which react with a strong
alkali to form oil-insoluble substances, compris-
ing mixing the. said oil with an agqueous alkali
containing an amount of alkali equivalent to the
amount contained in a sodium hydroxide solution
containing about from 10 to 36% of sodium hy-

droxide, agitating the resulting mixture for about.

from .5 to 40 minutes at a temperature below
about 160° F. in 3 vessel containing bafiles and
fitted with an agitator having 18 inches of cutting
edges per pound of mixture and moving at a rate
causmg the cutting edges to pass through the
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mixture at a rate of at least 800 feet per minufe
so that the agitation emulsifies the mlxture in
a ‘fraction. of a seeond, and, when continyed
under substantially isothermal conditions after
the heat -due to the reaction of the oil ang the
aquenus allsali has been-dissipated, increases the
temperstyre of the mixture at the rate of at least
0:5° F', per minute, and separating the regulting
agqueous and oil phases.

‘9, The process .of elaim 1 wherein the. crude
natural oil is .&-crude vegetable oil.

3. The proeess of elaim 1 wherein the erude
natyral is-crude cottonseed: oil. .

4. The process of claim 1 wherein ’che aqueous
alkali is an aqueous solution contammg ahout
from 14 to 26% of sodium hydroxide.

_B. A proeess for refining crude cottonseed oil
contammg color bodies which. react with sodium
hydroxide ta form oil-insoluble substances, coms=
prising mixing the said crude cottanseed oil with
ah agueous selution containing about from 14.t0
26% of sodium hydroxide, agitating the re-
sulting mixture for about from 1 to 15 mmutes
at & temperature of about from 60° to 120° F', in
a vessel -containing haflles and fitted with an

. agitator having 18 inches of cutting edges per
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pound of mixture and moving at a rafe causing
the cutting edges to pass through the mixtiure aj
a rate of at least 800 feet per minute so that the
agitation emulsifies the mixture in a fraction of
a second, and, when continued under substan-
tially mothermal conditions after the heat due
to the reaction of the oil and the aqueous. §0-
dium hydroxide has heen dissipated, increases
the temperature of the mixture at the rate of at
least 0.5° F. per minute, and separating the re-
sulting aqueous and oil phases.
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