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This invention pertains to the refining of fatty
oils, (e. g. glyceride oils), and more particularly
%o the refining of vegetable and animal oils, such
as cottonseed oil, soya bean oil, peanut oil, corn
oil, sunflower seed oil, sesame oil, rape seed oil,
cocoanut oil, babasu oil, palm oil, palm kernel oil,
litnseed oil, tallow, lard, grease, fish oil, whale oil,
ete.

Fatty oils are ordinarily refined by adding to
the oil an aqueous caustic soda solution, followed
by conditioning, including at least some agglom-
eration of soap steck, and then separating from
the oil such soap stock together with other im-
purities. The purpose of such refining is to nen-
fralize and remove free fatty acid, to- remove
gums, and to improve oil color. In the eonven-
tional processes of the prior art, a considerable
excess of alkali is employed above that needed
to neutralize the free fatty acid present in the
oil, not only to insure complete neutralization
of free fatty acid but also to provide an excess
for treatment and removal of gums and of color
bodies present.

In the kettle refining of vegetable oil, which
was the earliest method used, the caustic soda
solution in excess was introduced into a kettle
of cil and agitated until the caustic soda reacted
with the free fatty acid, gums, ete., forming soap
stock particles., The hody of oil was then allowed
to be quiescent so that the soap stock formed

could settie to the bottom, permitting the refined -

oil to be drawn off from the top of the kettle. In
this kettle refining, the excess of caustic soda
had an opgortunity to atiack the gums and color
bodies so as to improve the quality and color of
the oil.

An improvement over this method of refining
is the coniinuous method in which the caustic
soda solution, in considerable stoichiometric ex-
cess, is added to a flowing siream of vegetable
oil, and the mixture agitated and congditioned to
ecause the caustic soda to react with the free fatty
acids, gums, and color bodies. This results in
agglomeration of soap stock. The composite
stream is then continuously separated into oil
and socap stock by the use of a centrifugal sepa-~
rator. In this continuous process improved yields
asre effected by the fact that centrifugal foree,
being very much more powerful than gravity,
is able to sgueere o pertion of the entrained oil
cut of the body of seap stock. ‘Then too, the
time of contact hetween caustic and oil is mafe-
riaily reduced over the time required for gravity
subsidence in a kettle, and further improved
yields are made possible by the fact that in this
time of shorter treatment there is less eppor-
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tunity for the excess caustic soda to attack and
saponify neutral oil, S

The purification of fatty oils, and partieularly
of vegetable oils, is conducted industrially on an
extensive and rapidly expanding seale. The prod-
ucts produced enter a highly competitive market,
and for this reason economies in production and
improved yields, even though not glaringly large
percentagewise, are of outstanding importance
in the advancement of the arf. The present
1iflvent,ion is addressed fo both of these considera-

ions.

In the practice of this invention increased econ-
omies and vields are obtained through process
simplifications and through reduction of losses
encountered by virtue of (1) entrainment of ney-
tral oil in the soap stock phase, (2) saponifica-
tion of neutral oil, and (3) emulsification of
neutral oil.

Entrainment of oil in the soap stock is pri-
marily the result of agglomeration of the soap
particles formed upon reaction of the caustie
soda with the free fatly acid present in the oil
undergoing refinement, and is aggravated by the
presence of emulsion. Conditioning of the oil,
involving large scale agglomeration of the soap
particles, was originally thought necessary to the
successful separation of the soap stock from the
oil by cenfrifugal force, and although it was sub-
sequently discovered that the degree of agglom-
eration might be materially reduced, without
leaving in the separated oil an unduly large per-
centage of soap stock particles, yet the times and
conditions suggested and thought necessary for
contact between caustic soda and oil prior te
separation by centrifuging have been such as fo
permit the originally-formed extremely small
scap particles to build up into larger pardicles
prior to centrifugal separation. ‘This, among
other things, was hecause it was eonsidered neces-
sary to have a significant inerease in the mass
of the individual particles present in order fo
successfully separate the soap stoek particles by
centrifugal force. 'Thus, while mixing times of
less than one minute have been suggested, none
have heen for substantially less than about 20
to 30 seconds, and even during these shorter times
agglomeration proceeds to such an extent as fo
entrain in the soap stock particles, although still
small, a significant amount of neufral oil, espe~-
cially under the conditions of mixing employed.

In all prior art continuous refining processes
of which I am aware, a considerable stoichiomet-
ri¢ excess of caustic over free fatiy acid presens
in the oil is employed, whether the agueous solu-
tion of the caustic is of ordinary or of relatively
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high concentration. Thus, while the so-called
short contact times of the prior art reduce the
degree of sanonification of neutral oil, condi-
tions favorapie to saponification are nevertheless
present, and loss of some neutral oil, even though
considerad small, is the result. This is particu-
larly true when the caustic is present in the ague-
ous solution in relatively high concentration.
Turthermore, the conditioning of the mixture of
caustic and oil nrior to iis separation, which
heretofore has heen considered essential, iz ob-
tained primarily by sagitation, so that propor-
tional increase in agitation was considered a
necessary concomitant to any decresse in con-
tact time.

All erude vagetable oils contain a varying per-
centage of gums in solution. These gums have an
affinity for water. When a crude vegetable oil is
treated with an acueous solution of caustic. the
water present tends to hydrate the gums, wheve-
upon the gums ahsorb neutral oil in an emulsified
state up to o very considerable vercentage of their
weight, such as up to one~-third. The gums upon
hvdration separate from the nertral oil, and voon
centrifuring are discharged with the soap stock
with the result that their emulsified ail content is
Jost as far as neutrsl oil yield is concerned.

In the practice of the present invenfion 2
stream of acmeons cauvstic soda of relatively hizh
canstic roneentrotion. that it ahaove 20° Ré, and
preferably between 22° and 20° RE.. is comtinuous-
1y added. in substantially sinichiomedvic rrovor-
tion. to a eontinnoiely Fowing stream of oil to be
refined. TH is nreferred that cnntact hefwaen
caustic and oil be effected by virtus of turbulent
flow. as distinguished from the extansive me-
chanicsl mixing heretofore considered essential,
and which T have disenvered is nok essential even
thoush extremelv short contact times are used,
and the eombined stream of canstic and oil is im-
medijately suhiected to centrifueal sevarabion,
that is. within 2 verind of not more than 5 sec-
onds, (hut not less than % second), between the
time that any partienlar portien of carstie fivst
contacts any particular portion of vecefable oil,
and the time that said crmbined porticns are sub-
jected to centrifugal force for purposes of their
seraration.

By virtue of mv vrocess and the manner in

which it is rreferablv nracticed. arglomerafion of -

soap stork and emvlsion formstion is held th o
substantially irredueible minimim, and contra
to the teachings of the prior art. Thave discoverad
that the initially-formed soap stock may ke efft-
cientlv san~ratad from the nevtral oil by centrif-
ugal forea in the ordinary centrifures cushomari-
1y emploved for the vurpose. such centrifuges
peine rated as developine eentrifusgal forces, for
examuple. from 4000 $o 20.000 times the forece of
gravity, a centrifuze beine rated as develoning a
centrifneal foree of 13,500 times the force of
gravity being tvnical.

Tn the practice of the invention, there is no
material exgess of caustic vpresent. (a suhstan-
tially stoichiometric osuantity being considered to
vary approximatelv from 0.9 to 1.1 times that
auantity which is theoretically recuired to neu-
tralize the free fatty acid present). It follows
that there is no opvortunity for significant sapon-
ification of neutral oil hy virtue of the presence of
any significant cqusntity of exocess caustic. On
the other hand. I have discovered that contra to
prior art teachings, an excess of caustic is not re-~
quired, when used in high concentration, to effec-
tively neutralize the free fatty acids in continuous
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refining. This is true even though the contact
time is reduced to below 5 seconds, and even
though mixing is mild, e. g., by turbulent flow.

In view of the extremely short time that the
high concentration agueous caustic is in contact
with the oil, and in view of its lower water con-
tent, the hydration aned separation of guins i3
brought to a substantially irreducible minimum.
The result is that no significant total gquantity of
neutral oil is lost by absorption in separatsd
gums.

While my process results in very little, if any,
removal of gums and of coloy, it is found that this
may be done more expeditiously and with less loss
of neutral oil if performed in a separate step.
Gums may be removed, for example, prior to my
process, such as, by water hydration followed by
cenfrifugal separation, if desired, by prccesses
well known in the prior art, or otherwise. It will
he appreciated that in the case of certain olls it is
unneecessary to remove color depending upon the
orginal color of the oil prior to treatment and/or
the use to which the oil i $o be put. Light-
colored finished oils are preferred for some pur-
poses, but for other purposes a dark oil may be
preferred, or may be acceptaple. Removal of
color, if desired, may also be performed in a
separate step by any means known in the art, or
otherwise, for example, after refining by the use
of this invention.

Further features of this invention will become
apparent to persons skilled in the art from the
following particular description taken in connec-
tion with the drawings, in which;

Figure 1 is a flow sheet illustrating an embodi-
ment of the invention; and .

Figure 2 is a sectional elevation, shown broken,
of a form of centrifuge bowl uselul in the wrac-
tice of the invention.

Referring now to Figure 1 of the drawings, at
{6 is shown a source of fatiy oil to be refined.
This fatty oil flows through line {{ to heater {2
in which it may be raised to any desired tempera-
ture, such as between 140° ¥. and 160° ., although
higher or iower temperatures may be empleyed, i
desired, as will be understood by persons skilled
in the art. The oil flows from heater {2 through
line £3, and is contacted at 16 with a scluticn of
NaOH in water which is fed into line {3 through
line i5 from 2 source i8. This agueous caushic
soda solution is of a conecentration in excess of
20° Bé., such as between 22° and 30° Bé.

A valve for the control of the flow of fatly
conventionally illustrated at 17, and a valve
the control of the flow of caustic scda solution is
conventionally illustrated at 8. However, it is
to be understood that in comimercial operation
these flow controls represented by valves {7 and
18 vsually will take the form of proporticning de-
vices, such as, proporticning pumps.

Az previously pointed out, the rate of flow ¢f
caustic soda solution with respect %o the rate
of flow of fatty oil to be refined, is proportioned,
and is such as to provide a substantiaily stoichio-
metric guantity of caustic soda required to neu-
tralize the free fatty acid present. In the refin-
ing of fatty oils generaliy, and particularly of
vegetable oils, it is more or less coaventional to
determine by titration the free fatty acig content
of an oil to be refined, and to calcuiate the per-
centage of free fatty acids present in terms of
oleic acid. For the purposes of the practice of
this invention, a substantially stoichiometric
quantity is considered to be approximately from
0.9 to 1.1 times that quantity which is theoreti-
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cally required to neutralize the free fatty acids
present as indicated by such titration.

From point (4 the composite stream of fatty
oil and eaustic soda solution flows through line
21 to centrifuge 22 in which the soap stock, which
has been formed by reaction of the caustic soda
with free fatty acid, is separated by centrifugal
force from the oil, the soap stock being removed
through line 23, and the oil through line 24.

As previously pointed out, it is preferred that
the flow through line 21 be a turbulent flow as
distinguished from laminar flow, and that the
turbulence be produced without the aid of a, large
degree of, thab is, intensive mechanical mixing
of the character heretofore employed in the art.
This is to aveid conditions herstofore thought
necessary for efficient separation of soap stock
from oil, which resulted in losses of neutral oil,
and to avoid or reduce the formation of emulsion.
While mild mechanical mixing might be em-
ployed while retaining some of the advantages
of this invention, for best operation it is pre-
ferred that this turbulence be substantially en-
tirely produced by the flow of the combined
stream of oil and caustic through line 21. As is
well understood, for a given viscosity, turbulence
is a function of the rate and cross-sectional area
of the flow, so that the selection of a propsr size
for line 2f is a mere matter of design, after the
desired rates of flow and the temperatures to
be employed have been determined, ag is well
within the knowledge of persons skilled in the
art. :
It will be noted that the present invention
makes possible outstanding simplifieations in ap-
paratus, for the manner in which the stream of
agueous caustic soda solution is fed into the
stream of oil at point 14 is made not critieal, and
may be accomplished, for example, by the use
of the well known T pips connection.

In the practice of the invention, the propor-
tioned rate of flow of fatty oil and caustic is
such that the time period over which the caustic
and oil are in contact in line 21 does not exceed
approximately 5 seconds, but is not less than %
second, and preferably not less than one sec-
ond. This time factor may be readily ealeulated
from the volume rates of flow of oil and eaustic
soda solution, the length of line 21, and its cross-
sectional area or areas, if line 2{, for any reason,
is not employed with uniform cross-sestional
area. Ordinarily the time of residence of the
combined stream of oil and caustic in centrifuge
22 before being subjected to centrifugal force
for separation purposes may be neglected, but
should there be a centrifugal construction: such
as to make such time of residence appreciable,
such as % second or more, then such time of
residence should enter into the caleulations for
time of contact. :

It is found in the practice of the invention
that the oil retained in the soap stogk, sep-
arated in centrifuge 22, is so low as to seriously
reduce the fluidity of the soap stock, making it
tend to pack in the bow! of the centrifuge. This
difficulty, when present, may he overcome by any
suitable means, such as, by the continuous feed
of water into the centrifuge bow! for purposes of
rendering the soap stock suffclently fluid to fa-
cilitate discharge. Any suitable means may he
employed for this purpose, such as that illus-
trated, for example, in Figure 2, which in part
shows structure similar to that shown in Figure 2
of U. 8. Patent 2,138,468. )

Referring now to Figure 2,  the centrifugal
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rotor 30 is provided with an inlet feed hoss 81
which is surrounded by a guide bushing assem-
bly 82. The guide hushing assembly 32 is se-
cured in position on a base 33 which also carries
a feed nozzle 84 through which the combined
stream of oil and caustic is fed into the centrifu-
gal rotor 30. An auxiliary feed nozzle 35 is also
secured to the base 33, and surrounds the feed
nozzle 34. 'The feed nozzle 34 is provided, af
& point above the upper end of the nozzle 35, with
a pead 36, which is adapted to be impinged by
liquid fed through the nozzle 38, and to deflect

- that liquid against the inner wall of the boss 31.
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The lower end 37 of the rotor 38 is provided
with a-eylindrical flange 33 extending longitu-
dinally interiorly of the rotor. The upper end
of the flange 88 forms a seat for a flange 48 of
a feed liquid directing member 38 having a coni-
cal base portion. Member 39 may be secured
in position by any suitable maans, not shown.
The flange 38 is cut away at spaced portions, as
illustrated at 41, in order to afford esress from.
the space between the member 39 and the boi-
tom portion of the bowl for liquid passing up-
wardly through that space.

The feed-liquid-directing membor 29, as shown,
is provided on the upper side of its conical sur-
face with a plurality of radially extending blades
or fins 48, and on the lower side of its conical
surface with a plurality of radially extending
blades or fins 83. The fins 48 extend radially
inwardly toward the zone of the feed opening 49
in the lowermost part of the member 38 and are
of relatively narrow width. The spaced fing 50
extend radially from the outer surface of the
member 83 to the inner surface of the lower end
37 of the rotor, and thus serve rapidly to bring
liquid entering this space up to the rotational
speed of the rotor.

In the operation of the censtruction particu~
larly deseribed, the stream of soap-stock-con-
taining oil is fed through the nozzle 84 into the
centrifugal rotor 28 through fead opening 48, and
is brought up to speed within the assistance of
blades or fins 48. By virtue of centrifugal force,
soap stock, being the heavier phase, is deposited
on the inner wall of rotor 39.

To assist in the discharge of soap stock from
the rotor 30 a suitable liguid, such as water, is
passed through the annular space afforded be-
tween the nozzle 85 and the nozgle 24. This
washing liguid impinges against the bead 36
formed upon the nozzle 38 and is deflested into
confact with the inner wall of the boss 8! of the
rotor 88. 'The centrifugal force generated by the
rotation of the rotor 88 causes the washing liquid,
€. g. water, to cling fo this surface, and to be
projected upwardly into the space orcupied by the
radially extending blades 58. These blades bring
the washing liauid up t0 the speed of the rotor,
and this liguid is impelled outwardly through
the openings 41 between the flange 48 and the
flange 38 under the influence of centrifugal force.
Washing liguid impelled through the openings 414
flows upwardly along the interior wall of the
rotor 39, thus coming into contact with the s0ap
stock as separated, and is discharged with the
seap stoek from the rotor.

It will be understocd that any other suitahle
means may be employed to effect, or assist in,
the discharge of soap stock from the centrifugal
rotor. :

The following examples are by way of iilustra-
tion, and not of limitation, since the procedure
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may be applied to any of the oils to which this
invention relates.

Ezample 1

61,480 pounds of soya bean oil after being
degummed were fed at the rate of 6500 pounds
per hour, and at a temperature between approx-
imately 158° and 160° F., through a pipe having
an inner diameter of 1%’ to a centrifuge, being
mized with an agqueous caustic soda solution of
21° B4., fiowing at the rate of 25 pounds per hour,
a4 a point in said pipe such that the length of
flow of the combined stream of oil and caustic to
the centrifuge was approximately 18’’. The time
of contact between oil and caustic was approxi-
mately 5 seconds before the mixed siream entered
the centrifugs. The oil recovered had a free
fatty acid content of less than .04%. Its residual
soap content was no more than an ordinary
amount, and was readily removable by conven-
tional water washing. The final soap-free mois-
ture-free oil weighed 61,234 pounds, showing a
net loss of only 0.40%. The original oil had a
free fatty acid content of 0.35%.

Exaqmple 2

18,550 pounds of corn oil affer being degummed
were fed at the rate of 5000 pounds per hour, and
at a temperature between approximately 158° and
160° ¥, through a pipe having an inner. diam-
eter of 11%’’ to a centrifuge, being mixed with
an aqueous caustic soda solution of 24.2° Bé, flow-
ing at the rate of 40 pounds per hour. The re-
spective flow rates of oil and caustic, and the
length of the combined flow, were such that the
time of contact between oil and caustic was
approximately 4 seconds before the mixed streaim
entered the centrifuge. The oil recovered hada
free fatty acid content of less than .045%. Its
residual soap content was no mors than an ordi-
nary amount, and was readily removable by con-
ventional water washing. The final soap-free
moisture-free oil weighed 18,307 pounds, show-
ing a netf; loss of only 1.2%. The original oil had
a free fatty acid content of 1.156%..

Example 3

. Cottonseed oil was fed at the rate of 4600
pounds per hour, and at a temperature of ap-
proximately 158° to 160° F. through a pipe having
ap inner diaraeter of 1”7 to a centrifuge while
being mixed with a stream of aqueous caustic
soda solution of 20° Bé. at the rate of 32 pounds
per hour of solution. The rates of flow and the
length of the combined flow were such that the
time of contact prior to centrifuging was approxi-
mately two seconds.. The soap stock obtained
anslyzed on a dry basis at 39.7% neutral oil.

A comparative run on the same crude oil was
made under conventionsl commercial continuous
refining eonditions with a confact time of 1.5
minutes, and the soap stock obtained analyzed
on a dry basis at 54% neutral oil.

Example 4

Peanut oil was fed at the rate of 4000 pounds
per hour, and at a temperature of approximately
158° to 160° P. through a pipe having an inner
diameter of 1’7 0 a centrifuge while being mixed
with a stream of agueous caustic soda solution
of 24° Bé. at the rate of 18 pounds per hour of
solution. The rates of flow and the length of
the combined flow were such that the time of
contact prior to centrifuging was approximately
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two seconds. The soap stock obtained analyzed
on a dry basis at 18% neutral oil.

A comparative run on the same crude oil was
made under conventional commercial continuous
refining conditions with a contact time of 1.5
minutes, and the soap stock cbtained analyzed
on a dry basis at 29% neutral oil.

From the foregoing it will be seen that I have
provided a novel and highly useful process for
the refining of fatty oils generally, and particu-
larly of vegetable and animal oils.

Having particularly described my invention,
it is to be understood that this is by way of illus-
tration, and that modifications may be made
without departing from the spirit of the inven-
tion. Aeccordingly, it is intended that the patent
shall cover, by suitable expression in the claims,
whatever features of patentable novelty reside
in the invention.

I claim:

1. A process for the refining of s fatty oil
containing free fatty acid which comprises com-
bining a stream of said oil and a stream of
agueous caustic soda solution of at least 20° Bé.
in measured quantity such that the proportion
of caustic soda added to said oil is substantially
stoichicmetrically equivalent to the free fatty
scid originally present in said oil, maintaining
said combined streams of oil and caustic in mixed
state under temperature conditions hetween ap-
proximately 140° F. and 160° . and also under
conditiens such that the contact time does not
substantially exceed five seconds to form soap
stock in non-agglomerated condition, and then
immediately separating said oil from the soap
stock formed as a result of said treatment.

2. A process for the refining of a fatty oil
containing free fatty acid which comprises flow-
ing proportioned gquantities of said oil and of
ah aqueous caustic soda solution of at least 20°
B&. into confluence and then concurrently under
conditions of turbulent flow and of temperature
between approximately 140° F. and 160° F, and
after a contact time not substantially exceeding
five seconds and while said soap stock is still in
non-agglomerated condition immediately sepa-
rating said oil from seap stock and spent caustic
resulting from said treatment, said proporticned
quantities of oil and aqueous caustic soda solu-
tion being such as to provide a substantially
stoichiometric proportion of caustic soda to the
free fatty acid originally present in said oil.

3. The process of claim 2 in which the oil is a
vegetable oil. )

4. The process of claim 2 in which the
cottonseed oil.

5. The process of claim 2 in which the
corn oil.

6. The process of claim 2 in which the
peanut oil.

7. The process of claim 2 in which the
soya hean oil.

8. The process of claim 2 in which the aqueous
caustic soda solution is of between 22° and 30°

oil is
oil is
oil is

oil is

5 Bé.
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