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METHOD FOR THE CONTINUOUS ALKAL 
REFINING OF VEGETABLE OILS 

Arthur U. Ayres, Chestnut Hill, Pa., assignor to 
The Sharples Corporation, a corporation of 
Delaware 
Application April 18, 1950, Serial No. 156,665 

(C. 260-425) 8 Clains, 

This invention pertains to the refining of fatty 
oils, (e. g. glyceride oils), and more particularly 
to 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, 
???Seed oil, tallow, lard, grease, fish oil, whale oil, 
eC. 

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 stock, and then separating from 
ühe oil such soap stock together with other im. 
purities. The purpose of such refining is to ne-1- 
tralize and remove free fatty acid, to remove 
gums, and to improve oil color. In the conven 
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 treatient and removal of guns 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 oil and agitated until the caustic soda, reacted 
With the free fatty acid, gums, etc., forming soap 
stock particles. The body of oil was then allowed 
to be quiescent so that the soap stock formed 
could settie to the botton, 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 opportunity to attack 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 continuous method in which the caustic 
Soda, Solution, in considerable stoichiometric ex 
cess, is added to a flowing stream of vegetable 
oil, and the mixture agitated and conditioned to 
cause the caustic Soda, to react with the free fatty 
acids, gums, and color bodies. This results in 
agglomeration of soap stock. The congosite 
stream is then continuously separated into oil 
and soap stock by the use of a centrifugal sepa 
rator. In this continuous process improyed yields 
are effected by the fact that centrifugal force, 
yeing very much more powerful than gravity, 
is able to squeeze a gortion of the entrained oil 
out of the body of soap stock. Then too, the 
time of cOnta,eit betY#eeq causitic andi oili iS ninaite 
rially reduced over the time required for gravity 
Subsidence in a kettle, and further iagroved 
yields are inade possible by the fact that ia this 
time of shorter treatment there is less oppor 
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tunity for the excess caustic soda, to attack and 
Saponify neutral oil. - a 
The purification of fatty oils, and particularly 

of vegetable oils, is conducted industrially On aa 
extensive and rapidly expanding scale. The prod 
lucts 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 art. The present 
??????tion is addressed to both of these considera 
iOS. 

In the practice of this invention increased econ 
Omies and yields are obtained through process 
Simplifications and through reduction of losses 
encountered by virtue of (1) entrainment of ne? 
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 caustic 
Soda. With the free fatty 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 centrifugal force, and although it was sub 
Seguently 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 to 
permit the originally-formed extremely small 
Soap particles to build up into larger particles 
prior to centrifugal Segaration. This, among 
other things, was because it was considered neces 
Sary to have a significant increase in the Ana-SS 
of the individual particles present in order to 
Successfully Separate the Soap Stock particles by 
centrifugal force. Thus, while mixirag times of 
less than one rainute have been suggested, none 
have been for Substantially less than about 20 
to 30 seconds, and even during these shorter times 
agglomeration proceeds to SUch an eXtent as to 
entrain in the soap stock particles, although still 
small, a significant amount of neutral oil, espe 
cially under the conditions of mixing eployed. 

In all prior art continuous refining processes 
of which I am aware, a considerable stoichiomet 
ric excess of caustic over free fatty acid present 
in the oil is employed, whether the aqueous 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 Saponification of neutra oil, condi 
tions favorable to Saconification are nevertheless 
preset, and loss of S.One neutral oil, even thogi 
considered Stall, is the result. This is particu 
larly true when the caustic is present in the aque 
ous solution in relatively high concentration. 
Furthernore, the conditioning of the mixture of 
caustic and oil prior to its separation, which 
heretofore has been considered essential, is ob 
tained primarily by agitation, so that propor 
tional increase in agitation Was considered a 
necessary concomitant to any decrease in coni 
tact time. 
Al crucise egetable oils contair a Vall'ying per 

centage of guns in solution. These gums have an 
affinity for Water. When a crude vegetable oil is 
treated with an acueois Solition of caustic. the 
water nresent tends to hydrate the guns, where 
upon the guins absorb neutral oil in an emulsified 
state up to a very considerahle percentage of their 
weight, such as up to one-third. The guns upon 
hydration separate from the netral oil, and tipon 
centrifucing are discharged with the soap stock 
with the result that their emulsified oil content is 
Ost a S far as neutra oit yield, jS concerner, 
In the practice of the present intention a 

stream of a ?ileolus caustic Soda, of relativelv high 
caus?ic rannrentratinn, that, is ahnvye 2 nº Ré., and 
preferably between 22° and Rhº Ré... is continuous 
ly added. in shstantially strichin mettic rrrror 
tion to a continoit sv flowing stream of oil to be 
refined. It is preferred that cinntact, het wasn 
caustic an? oil be effected by virtue of tirbent 
flow, as distinguishe? from the extensive re 
chanical mixing heretofore considered essential, 
Anf) erhieh f hax7e fºisºnvrerer is nof, essential even 
though extremev short contact tiraes are used, 
an?, the cornhine? stream of castic an oil is in 
medjately subiected to centrifugal senaration, 
that; is. within ea, nerinf nf not mnre than 5 sec 
onds, (hut not less than A serond), between the 
time that, any partic1 lar portinn of ca.7:stic first, 
contacts any particular portion of vecretable nil, 
and the filme that sair combined portions are Sub 
jected to centrifugal force for purposes of their 
Senaration. 
Ry virtue of my orocess and the manner in 

which it is nreferablv oracticed agglomeratirin of 
soap stock and emillsion formation is held tin a 
suchstantiallw irrer31 1olihle minilm 11”Yn anfil contra. 
to the teachings of the prior art. I have dis?overed 
that; the initially-former soap stock may he effi 
cientv Sanrrafer frnrn the nel fra oi! hy centrif 
ugal force in the ordinary centrifuores customari 
ly employed for the purpose, such centrifuges 
beincy rated as developino rentrifugal forces, fol' 
example. from 4.?00 to 20.000 times the force of 
gravitv, a centrifuge heing rated as develoning a 
centrifugal force of 13,500 times the force of 
gravity being tvnical. 

In the practice of the invention, there is no 
material excess of caustic nresent, (a substan.- 
tially stoichiometric cuantity being considered to 
vary approximatelv from 0.9 to 1.1 times that 
quantity which is theoreticallv refºuired to neu 
tralize the free fatty agid present). It follo's 
that, there is no opportunity for significant sapon 
ification of neutral oil hy virtue of the presence of 
any significant quantity of excess 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 aqueous caustic is in contact 
With the oil, and in view of its owei water con 
tent, the hydration and separation of guins is 
brought to a substantially irreducible minimun. 
The result is that no significant total quantity of 
neutral oil is lost by absorption in separate: 
gìS. 
While my process results in very little, if any, 

renoval of guns and of Color, it is found that this 
may be done more expeditiously and with less lo3S 
of neutral oil if performed in a separate step. 
Guns may be removed, for example, prior to my 
process, such as, by water hydration followed by 
centrifugal separation, if desired, by processes 
well known in the prior airt, or otherwise. It Wii 
be appreciated that in the case of certain oils it, is 
3 negessary to remove color depending upon the 
orginal color of the oil prior to treatinent and/or 
the use to which the oil is to be put. Light 
colored finished oils are preferred for some puit 
poses, but for other purpoSeS a darªk oil may ipse 
preferred, or may be acceptable. 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 becoas 
apparent to persons skilled in the art fl'oin the 
following particular description taken in connec 
tion with the drawings, in which, 

Figure 1 is a flow sheet ilustrating an et:bodi 
ment of the invention; and s 

Figure 2 is a sectional elevation, shown bioken, 
of a form of centrifuge bowl useful in the 3ra,c- 
tice of the invention. 

Referring now to figure of the diaWings, at 
is shown a source of fatty oil ta be irefined. 

This fatty oil flows through line to haster 2 
in which it ray be raised to any desired teipel'3- 
ture, such as between 140° if. and 160 F., although 
higher or iower teipei'atures raay be employed. if 
desired, as will be understood by persons skille: 
in the art. The Gil flows from Heater i through 
line 3, and is contacted at G with a Solutien Cf 
NaOH in Water which is fed into line 3 tit'ot:gh 
line S from a source S. This a gueou:S 23ustic 
soda solution is of a concentration in excess of 
20° Bé..., such as between 22° and 30° 3é. 
A valve for the control of the flow of fatty oil is 

conventionally illustrated at , and a valve ic} 
the control of the flow of caustic Soda, Solution is 
conventionally illustrated at 3. However, it is 
to be understood that in commercial Operation 
these flow controls represented by valves and 
8 usually will take the form of proportioning de 

vices, such as, proportioning pinpS. 
As previously pointed out, the rate of flow of 

calistic soda, solution with respect to the rate 
of flow of fatty oil to be refined, is proportioned, 
and is such as to provide a substantiaily Stoichio 
metric quantity of caustic Soda required to neu 
tralize the free fatty acid piesent. In the refin 
ing of fatty oils generaliy, and particularly of 
vegetable oils, it is incre or less Conventional to 
determine by titration the free fatty acid content 
of an oil to be refined, and to calculate the per 
centage of free fatty acids present in terms of 
oleic acid. For the purposes of the practice of 
this invention, a substantially Stoichiornetic 
quantity is considered to be approximately from 
0.9 to 1.1 times that quantity which is theoreti 

  

  



5 
cally required to neutralize the free fatty acids 
present as indicated by such titration. 
From point 4 the composite strean of fatty 

oil and calistic Soda, Solution flows through line 
2 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 2 be a turbulent flow as 
distinguished from laminal flow, and that the 
turbulence be produced without the aid of a large 
degree of, that is, intensive mechanical mixing 
of the character heretofore employed in the art. 
This is to avoid conditions heretofore 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 2. 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 proper size 
for line 2 is a mere matter of design, after the 
desired rates of flow and the temperatures to 
be employed have been determined, as is well 
within the knowledge of persons skilled in the 
art. 

it will be noted that the present invention 
makes possible outstanding simplifications in ap 
paratus, for the manner in which the stream of 
aqueous caustic soda solution is fed into the 
stream of oil at point 4 is made not critical, and 
may be accomplished, for example, by the use 
of the Well known T. pipe 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 2 does not exceed 
approximately 5 seconds, but is not less than A. 
second, and preferably not less than one sec 
ond. This time factor may be readily calculated 
from the volume rates of flow of oil and caustic 
Soda, Solution, the length of line 2, and its cross 
sectional area, or areas, if line 2, for any reason, 
is not employed with uniform cross-sectional 
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 calculations 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 bowl of the centrifuge. This 
difficulty, when present, may be overcome by any 
suitable means, such as, by the continuous feed 
of water into the centrifuge bowl for purposes of 
rendering the soap stock sufficiently fluid to fa 
cilitate discharge. Any suitable means may be 
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. S. Patent 2,138,468. 

Referring now to Figure 2, the centrifugal 
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rotor 3 is provided with an inlet feed boss 3 
Which is Surrounded by a guide bushing assem, 
bly 32. The guide bushing assembly 32 is se 
cured in position. On a base 33 which also carries 
a feed nozzle 34 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, at 
a point above the upper end of the nozzle 35, with 
a bead 36, which is adapted to be impinged by 
liquid fed through the nozzle 35, and to deflect 
that liquid against the inner wall of the boss 3. 
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The lower end 37 of the rotor 3 is provided 
with a cylindrical flange 38 extending longitu 
dinally interiorly of the rotor. The upper end, 
of the flange $8 forms a seat for a flange 49 of 
a feed liquid directing member 39 having a conie 
cal base portion. Member 39 may be secured 
in position by any suitable means, not shown. 
The flange 38 is cut away at spaced portions, as 
illustrated at 4, in order to afford egress from 
the Space between the member 39 and the bots 
tom portion of the bowl for liquid passing up 
Wardly through that Space. 
The feed-liquid-directing member 39, 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 5). The fins 48 extend radially 
inwardly toward the zone of the feed opening 88 
in the lowermost part of the member 39 and are 
of relatively narrow width. The spaced fins 50 
extend radially from the outer surface of the 
member 39 to the inner surface of the lower end 
$g 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 construction particu 
larly described, the stream of soap-stock-con 
taining oil is fed through the nozzle 33 into the 
centrifugal rotor 39 through feed opening 49, and 
is brought up to speed within the assistance of 
blades or fins 88. By virtue of centrifugal force, 
Soap Stock, being the heavier phase, is deposited 
on the inner wall of rotor 30. 
To assist in the discharge of soap stock from 

the rotor 3G a suitable liquid, such as water, is 
passed through the annular space afforded be 
tween the nozzle 35 and the nozzle 34. This 
Washing liquid impinges against the bead S6 
formed upon the nozzle 38 and is defiegted into 
contact with the inner wall of the boss 3 of the 
rotor 39. The centrifugal force generated by the 
rotation of the rotor 38 causes the washing liquid, 
e. g. Water, to cling to this surface, and to be 
projected upwardly into the space occupied by the 
radially extending blades 53. These blades bring 
the Washing liquid up to the speed of the rotor, 
and this liquid is impelled outwardly through 
the openings 4 between the flange is and the 
flange 38 under the influence of centrifugal force. 
Washing liquid impelled through the openings 4 
flows upwardly along the interior wall of the 
rotor 38, thus coming into contact with the soap 
stock as separated, and is discharged with the 
soap stock from the rotor. 

It will be understood that any other suitable 
means may be employed to effect, or assist in, 
itle discharge of Soap stock from the centrifugal 
rgot?. 
The following examples are by way of illustra 

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. 

Eacample i 

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 1A' to a centrifuge, being 
mixed with an aqueous caustic soda Solution of 
21 Bé., flowing at the rate of 25 pounds per hour, 
at 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 3 seconds before the mixed stream entered 
the centifiage. 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 rennovable by con Ven 
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%. 

E3cample 2 
18,550 pounds of corn oil after being degunmed 

were fed at the rate of 5000 pounds per hour, and 
at a temperature between approximately 158 and 
160° F., through a pipe having ana inner, diam 
eter of 1 A' 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 strealin 
entered the centrifuge. The oil recovered had a 
free fatty acid content of less than .045%. Its 
residual soap content was no more than an ordi 
nary amount, and was readily removable by con 
ventional Water Washing. The final Soap-free 
moisture-free oil Weighed 8,307 pounds, ShOW 
ing a net, loss of only 1.2%. The original oil had 
a free fatty acid content of 1.15%. 

Ecample 3 
Cottonseed oil was fed at the rate of 4000 

pounds per hour, and at a temperature of ap 
proximately 158° to 160 F. through a pipe having 
an inner diarheter of i' to a centrifuge while 
being mixed with a stream of aqueous caustic 
Soda, Solution of 29° Bé, at the rate Of 32 poundS 
per hour of solution. She 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 
analyzed on a dry basis at 39.7% 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 obtained analyzed 
on a dry basis at 54% neutral oil. 

Eacczm2ple 4 
Peanut oil was fed at the rate of 4000 pounds 

per hour, and at a temperature of approximately 
158° to 160° F. through a pipe having an inner 
diameter of i' to a centrifuge While being mixed 
with a stream of aqueous caustic Soda, Solution 
of 24° Bé. at the rate of 18 poundis per hour of 
solution. The rates of flow and the length of 
the combinad 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 

nade under conventional commercial continuous 
refining conditions with a contact time of 1.5 
minutes, and the soap stock obtained 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. Accordingly, it is intended that the patent 
shall cover, by Suitable expression in the claims, 
whatever features of patentable novelty reside 
in the invention. 

claim: 
1. A process for the refining of a fatty oil 

£ontaining free fatty acid which comprises con 
bining a stream of Said oil and a stream of 
aqueous caustic Soda SoÍution of ait least 20° Bé. 
in measured quantity Such that the proportion 
of caustic Soda, added to said oil is substantially 
Stoichiometrically equivalent to the free fatty 
acid originally present in said oil, maintaining 
Said combined Streams of oil and caustic in mixed 
State under temperature conditions between ap 
proximately 140 F. and 160° F. and also under 
Conditions 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 quantities of said oil and of 
an aqueous caustic Soda solution of at least 20° 
Bé. 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 soap stock and spent caustic 
resulting from said treatment, said proportioned 
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 oil is 
Cottonseed oil. 

5. The process of claim 2 in which the oil is 
Corn oil. 

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

7. The process of claim 2 in which the oil is 
Soya, bean oil. 

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

ARTHUR U. AYRES. 
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