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6 Claims.

This invention relates to an improved process
for the aqueous hydrolysis of fats and fatty oils
to produce fatty acids and glycerin.

Fats and fatty oils as they occur in nature

consist of triglycerides, that is, compounds in

which one molecule of glycerin has been com-
bined with three molecules of fatty acid with the
elimination of three molecules of water. It is
the object of this invention to provide an im-
proved process for splitting or hydrolyzing such
triglycerides into fatty acids and glycerin, with

the production of a relatively concentrated aque~

ous solution of glycerin and relatively pure fatty
acids uncontaminated by decomposition products
or tars or by catalytic materials or reaction prod-
ucts of catalytic materials.

The saponification of fats and oils with caustic

It has also been -proposed to accomplxsh the
aqueous hydrolysis of fats and fatty oils by heat-

" ing the fats or fatty oils together with liquid
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alkali in excess, or in the proper proportions to -

combine with the fatty acids produced, has long
been used in the manufacture of soap. Glycerin
is produced at the same time that the soap is
Produced, but the removal and purification of
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the glycerin involves a number of rela,tively ex-

pensive operations.
. 'The aqueous hydrolysis of fats and fatty oils,
by the use of water and catalysts of various types

25

has also been known and used for a long time. -
Included among the catalysts which have been -

used are lime, magnesia, and other basic mate-
rials, and sulfuric acid and other acids. Aqueous
hydrolysis with the aid of such catalysts has gen-
erally been carried out in an autoclave in the
presence of liquid water and steam under moder-
ate pressure, such as pressures from 120 to 150
pounds per square inch while employing agita-
tion from jet steam or mechanical stirrer to
‘promote surface contact between fat and water.
. Another mesthod of accomplishing the aqueous
hydrolysis of fats and fatty oils is the well known
Twitchell process in which the fat or fatty oil
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water at comparatively high temperatures, and
at pressures sufficient to prevent the formation of -
steam in contact with the mixture being heated,
with the production of an aqueous solutlon of
glycerin and the fatty acid.

In all such procedures which have been used
or proposed heretofore, balanced reactions which
go to an equilibrium result, and the saponifica-
tion or hydrolysis, as the case may be, is incom-
plete, except with repetitions of the treatment.
Except under very favorable conditions, the
saponification or hydrolysis seldom proceeds. as
far as 90% completion. By removing the aque- -
ous solution of glycerin formed and subjecting
the fatty matter to repetitions of the treatment,
the saponification or hydrolysis may be brought
up to 95% of completion, or, under favorable
conditions, somewhat higher. Furthermore, agi-
tation and protracted treatment are required to
so complete the reaction, and the heat losses
which take place because of the repetition of the
treatment and the length of the treatment be-
come excessive. If water is not used freely in
carrying out the reaction, the saponification or
hydrolysis is retarded; and if water is-used freely,
or if many changes of water are used, the glycerin
obtained is objectionably diluted, and expensive

. to evaporate and concentrate. Also, where the
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is brought into contact with water and one of .

the so-called Twitchell reagents, which are acid

catalysts which possess the property of emulsify-

ing the fat or fatty oil and of dissolving to some

- extent in the fat or fatty oil, at the boiling point
of water.

It is also known that fats and fatty oils hy-
drolyze to scme extent when in contact with
water alone at relatively low temperatures, e. g.,
temperatures up to about the boiling point of

“water. This hydrolysis, while sufficiently fast to
.cause fats and fatty oils stored in the presence
of moisture to deteriorate, is too slow to be of
value for the commercial hydrolysis of fats and
fatty oils to produce fatty acids and glycerin,

treatment is prolonged or repeated, there is an
increase in the darkening of the fatty aclds and
the formation of undesirable tars. This is par-
ticularly true in the processes in which catalysts
are used.

- Where catalysts are used to hasten the saponi-
fication or hydrolysis, the products produced are
contaminated by the catalysts and special treat-
ment is required to remove the catalysts.

As an illustration of the fact that these hy-
drolyses or saponifications as commonly carried
out are balanced or reversible reactions which
do not go to completion even at high tempera-
tures and pressures, I have determined that if a
mixture containing 35 parts of pure neutral tal-

" low and 25 parts of pure water is heated under
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pressure in an autoclave to about 255° C. for
about 3 hours, or until an equilibrium is reached,
a product is obtained which is about 92% hy- =
drolyzed. If a mixture containing glycerin and
pure tallow fatty acids, in the exact amounts
which would be obtained by complete hydrolysis
of 35 parts of pure neutral tallow, and sufficient
water to make the total 60 parts is heated in
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an autoclave to 255° C. for 3 hours and at the -

same pressure as employed in the test described
above, an esterification takes place with the for-

mation of glycerides and with the production of .

a mixture about 92% hydrolyzed. Thus the same
equilibrium is arrived at whether neutral tallow
and water are heated together, or whether tallow
fatty acids, glycerin and water are heated to-
gether.
indicate that the same phenomenon occurs, ex-
cept that a larger proportion of water is required
for the same degree of hydrolysis. At lower tem-

Similar experiments with cocoanut oil .
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peratures and pressures, longer periods are re- -

quired for the reaction to reach an equilibrium
. point, and at equilibrium the hydrolysis is con—
~ siderably less.

The fact that this reaciion is one which pro-
‘ceeds to an equilibrium, and not to completion,
is in accordance with the well known law of mass
action. Furthermore, as is well known, the use
of catalysts in speeding up the reactions does not
affect the final equilibrium reached, but merely
causes the reaction to reach this equilibrium in
a shorter period of time.

By the process of the present invention, I pro-
vide for the substantially complete aqueous. hy-

drolysis of fats and fatty-oils in a single oper-.

ation and within a relatively short time and with
marked. heat economy, with the production of
relatively concentrated esqueous glycerin and
fatty acids uncontaminated by catalysts or other
objectionable impurities requiring special treat-
ment for their removal, and without the objec-
- tionahle decomposition and formation of tars
heretofore frequently encountered when carrying
the hvdrolysis even to a lesser extent than that
tc which I carry it.
I have found that, although the solubility of
water in fats and fatty acids is very slight at
low tempersatures, and a% temperatures as high
as the boiling point of water at atmospheric pres-
sure or even considerably higher, the solubility
of water in fats and fatty oils and fatty acids in
the vresence of excess water, under sufficient
pressure to prevent the vaporization of the water,
increases slowly up to about 200° C. and then
increases more rapidly at higher temperatures.

In all cases, to dissolve any considerable amount.

of water In the fats or fatty aclids a pressure in
excess of the pressure of saturated water vapor
at the temperature selected must be used. For
example, at a temperature of 235° C. and an ab-
solute pressure of 700 pounds per square inch,
- fatty acids from cocoanu’ oil will dissolve ahout

17% cof their weight in water in the presence of -

excess liquid water. The same fatty acids, in the
presence of excess linguid water, and at a temper-
ature of 245° C. and an absolute pressure of 800
pounds per square inch dissolve about 20% of
water. At a temperature of about 287° C. and &
pressure in excess of 70 atmospheres, these fatty
acids blend freely with more than their own
weight of water with the formation of a single,
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clear liquid phase. Other commercial fatty acids, . '

such as those from tallow and palm eil, behave
in a similar manner and have an increased power
to dissolve water at elevated temperatures and
pressures such as those above referred to.

In accordance with the present mvention,
subject the fat, fatty oil, or mixtures thereof to
be hvdrolyzed to the action of liquid water at
high temperatures and pressures. The process
is carried out by contacting the fatty material
with the water by countercurrent flow under such
conditions as to insure intimate contact of
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the fatty matena.l with the water, with preven-
tion cr minimizing of emulsification, and with
the use of temperatures and pressures sufficiently
high to insure that an amount of water appre-
ciably in excess of the amount of water required
for the complete hydrolysis of the fatty material
to fatty acids and glyceiin is dissolved in the
fatty. material, but not so high as to produce
miscibility of the fatty material and water, or to
cause the fatty material to dissolve all of the
watber used with the production of a single liquid
phase. The amount of water required to be dis-
solved in the-fatty material varies with different
fatty materials, but in each case, for the rapid
hydrolysis of the present invention, must be ap-
preciably greater than the amount required for
hydrolysis. For example, cocoanut oil for com-
plete hydrolysis requires about 8.3% of its own
weight of water and tallow requires about 6.4%
of its own weight of water. For this rapid hy-

-drolysis of these fats, the effective conditions of

temperature and pressure are such that the fatty
material dissolves considerably more water than
these amounts. The water dissolved in the fat
affects the saponification and any excess water
not d'ssolved washes out glycerine so that the °
saponification may thus be carried to comple-
tion.

- The total amount of water used in carrying
out my process must be sufficient not only to
provide the necessary amount of water for the
hydrolysis, and any excess water dissolved in the
fatty material at the high temperatures and
pressure employed, but also sufficient to dissolve
the glycerin formed and remove it from the fatty
material as an aqueous solution. By my proc-
ess, I can obtain glycerin in aqueous solutions of
concentrations rauging from 15% or less to 50%
or somewhat more directly, and the amount of
water used in carrying ont my process should be
such as to give a glycerin solution of the desired
concentration.

In carryipg out this process, with counter-
current flow of the fatty material to be saponi-

3 fled and the water, the pressure maintained in

the apparatus is well in excess of the pressure of
saturated steam at the highest temperature se-.
lected, so that ordinary variations in temperature
and pressure canaot result in the vaporization
of ‘water within the apparatus to interfere with
the operation of the process. ‘The apparatus is
kept completely full of liquid, that is, fatty mate-
rial and water or aqueous glycerin.

It is important, in carrying out the process, to
provide for the proper separation of the aqueous
glycerin from the fatty material at the point
where the aqueous glycerin is removed from the
apparatus, and to provide for the proper separa-
tion of the fatty material, that is the fatty acids
resulting from the hydrolysis, from the water at
the point where the fatty acids are withdrawn
from the apparatus. . This is accomplished by
providing settling spaces or zones adjacent to
the parts of the apparatus at which these mate-
rials are removed, so that where the agueous

- glycerin is separated or removed from the appa-
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ratus, there is provided a quiescent zone in which
the agueous glycerin may separate from the fatty
material to permit the removal of aqueous glyc-
erin free from fatty material except insofar as
the fatty material may be dissolved in the aque-
ous glycerin, otherwise the incoming fatty mate-
rial will readily emulsify with and be largely re-
moved by the outwardly flowing current of aque-
ous glycerin when the equipment is being used at
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an economic rate of operation as the fatty mate-
" rial is very prone to objectionable emulsification
in its early stages of hydrolysis. Similarly, at the
point where the fatty acids are removed from
the apparatus, there is provided a quiescent zone
where the fatty. acids may separate from the
water, and be removed without removing water
at the same time, except insofar as the water may
be dissolved in the fatty material. Because of

the fact that the temperatures and pressures are

sufficiently high in my process to cause a very
considerable amount of water to actually dissolve
in the fatty matter, agitation is not needed to
promote saponification but leads to emulsifica-
tion that is generally considered as desirable,
it not necessary, to increase contact in other
methods employing temperstures and pressure
not sufficiently high to cause a considerable de-
gree of solubility of water In the fatty material.
Emulsification in any part of the apparatus
lessens the efficiency of theé process and emul-
sification of inflowing fat with aqueous glycerin
or of cutflowing fatty acids with inflowing water
besides disturbing the smooth operation of the

process also introduces an indefinite and irreg- .

ular factor in the proportions of reacting mate-
rials remaining in the apparatus. .

While the process can be carried out over a
fairly wide range of temperatures, which varies
with different fatty materials, and over a fairly
wide range of pressures, which more or less de-
pends upon the temperatures selected, the tem-

peratures used, and the corresponding pressires

used, must be such that two separate and distinct
liquid phases are maintained within the appa-
ratus, one phase being the fatty material, that is,
the fat or fatty oil, or the fatty acids. or partiaily
hydrolyzed fatty material containing a propor-
tion of dissolved water somewhat greater than
the amount of water required for the complete
hydrolysis of the fatty material, and the other
phase consisting of water or aqueous glycerin,
sufficient in amount to effectively wash out the
glycerin from the fatly material and carry it
through the apparatus, to be removed as aqueous
glycerin ranging in concentrations from 15% or
~ less up to 50% or more. Stirring or emulsifica-
tion defeats the washing by preventing the ready
separation of the aqueous glycerine phase from
the fatty phase and efficient washing out of
" glycerine. The pressure selected depends upon
the temperature and must be sufficient to main-
tain the material in a liquid state with no vapor-
ization, and should be considerably in excess of
the pressure of saturated steam at the temper-
ature selected, to prevent vaporization of water
if a slight drop in pressure or increase in temper-
ature takes place, to favor solution of water in
the fatty material.

While no definite temperature limits can’ be
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than their own welsht of waber to form a single
clear liquid phase, instead of the two phases re-
quired for the proper operation of my process. .
Similarly, with each fat or fatty oil, there is an
upper temperature limit beyond which the solu-
bility of the water in the fatty material is too
great to permit the process to be carried out.

In general, I find that temperatures somewhat

‘above about 200° C., or & little below 200° C., are

satisfactory, in that at such temperatures the
solubility of the water in the fatty material is
quite appreciable and is in excess of the amount
required for the hydrolysis of the fat or fatty
oil, but is not so great as to cause the formation
of a single liquid phase in the apparatus or to
render the water so soluble in the fatty material
as to preclude the proper washing out of the
glycerin, at least with a reasonable amount of
water. At lower temperatures, water is not suffi-
ciently soluble in the fatty material to allow the
process to be economically carried out, and the -
desired hydrolysis cannot be obtained at such
lower temperatures in apparatus which does not
depend upon mixing and large surface contact,
at least in a reasonably short time and with the

. production of concentrated aqueous glycerin sub-
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given for carrying out the process, inasmuch as

the temperatures vary with different fats or fatty
oils, I have found that cocoanut oil, “for example,
can be advantageously treated at temperatures
of around 235° C. or 245° C. and at pressures
ranging about 250 pounds, more or less, in excess
of the pressure of saturated steam at these tem-
peratures, and that other fats and fatty oils may
be advantageously treated at similar temper-
atures and approximately similar excess pres-
sures. At temperatures of about 287° C. or high-
er and correspondingly high pressures. I find that
the process cannot be carried out with cocoanut
oil, as at these high temperatures and pressures
cocoanut oil fatty acids blend freely with more

‘stantially free from fatty material.

In the apparatus suitable for the practice of
the process of invention, there is provided one or
more suitable pressure vessels made of stainless
steel or other suitable material having the neces-
sary strength and resistance to the corrosive

. actlon of fatty acids and water at high temper-

atures and pressures and of sufficient strength to
withstand the high pressures used with an ample
margin of safety. The arrangement of the appa-

ratus is such that the fatty material and water

or aqueous glycerin, which flow countercurrently,
are in intimate contact over a relatively long
path and do not have a tendency to emulsify to
any great extent. It is advantageous to cause the
fatty material to flow upwardly through the ves-
sel or vessels while the water or aqueous glycerin
flows downwardly in intimate contact with it.

5 Where a single pressure vessel is used, it is pro-

vided on the inside with a number of trays or
other suitable devices to insure intimate contact
of the fatty material and the water or aqueous
glycerin and to insure that this intimate contact
is sufficiently prolonged to provide the desirable
washing of glycerine from the fatty material
which leads to the substantially complete hy-
drolysis of the present invention.” Where a plu-
rality of pressure vessels is used, the trays or

- other devices are not necessary, as the length of

the path over which the materials flow in con-
tact is sufficient to accomplish the necessary in-
timacy and length of contact, but trays or simi-
lar devices may be provided with advantage if
desired.

The apparatus is also provided with suitable

" heat exchangers. so that the heat contained in

the outgoing fatty acids and glycerin’ solution
may be used for the preheating of the water and
fatty material fed to the apparatus, and with
another heater or heaters between the heat ex-
changers and the apparatus to heat the fat or
fatty oil and water being supplied to the appara-
tus to the necessary high temperature. Diphenyl
heaters or high pressure steam hesaters or other
suitable heating means may be advantageously

. used for this purpose. Suitable unitary heating

units. such as electrical heaters properly placed
around the exterior of the apparatus so that heat
can be supplied to the apparatus where desired
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and in proper amounts to supply that lost by
radiation and the like are also advantageously
provided. The apparatus is also provided with
efficient insulation to minimize heat losses.
' The apparatus is also suitably provided with
pumps to introduce the water and fatty oil or
fat under the high pressure used, and with suit-
- able gauges and thermometers and sultable safe-
ty devices such as safety valves and the like to
control the pressure and temperature within the
apparatus.

It s preferable to maintain the apparatus near-

1y full of the lighter fatty material and to main--

tain below the fatty material a settling zone for
the separation of the aqueous solution from the
fatty material. The apparatus is therefore pro-
vided with a suitable means of determining the
position of the interface between the fatty ma-
terial and the settling zZone containing the quies-
cent aqueous glycerin near the point where the
aqueous glycerin is removed, and near the point
where the fat or fatty ofl is introduced. The de-
termination of the location of the oll or fat and
water interface may be accomplished by means of
a gauge glass suitably located near the bottom of
the apparatus, or by providing & number of small
faucets or outlets near the bottom of the appara-
tus in vertical series.

. 'The invention will be further illustrated by ref-
erence to the attached drawing, which illustrates
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an apparatus adapted for use in can'ying out the

process of the invention.

In the drawing, )

- ‘Pig. 1 illustrates diagrammatically a sultable
apparatus having four pressure vessels arranged
in series;

Fig. 2 1s a cross-sectional view of a pressure
vessel which may be used for carrying out the
invention showing the arrangement of trays with-
in the vessel to provide a labyrinthal path for the
material;

Fig. 3 is a cross-sectional view of a portion of
a pressure vessel as in Fig. 2 showing a modlﬁed
arrangement of the trays within the vessel;

Fig. 4 is an exterior view of a pressure vessel
.with the insulation removed showing the posi-
_ tioning of the electrical heaters used to provide

suitable heating to offset losses by radiation;

Pig. 5 is an {llustration of one type of heat ex~
changer which may be used; and
"~ Fig. 6 illustrates a diphenyl preheater which
may be used,
~ In Fig. 1 are shown four suitable pressure ves-
sels 18, 11, 12 and 13 arranged in series. Fatly
material is introduced into vessel (8 through in-
_let 14 and water into vessel 13 through inlet {8,
the fatty material and water thus having a coun-
tercurrent flow. The fatty material arises in ves-
sel 10 and flows out through pipe 16 to enter near
* the bottom of the second vessel through which
it flows in an upwardly direction and out through
pipe IT to enter the third vessel 12 near the bot-
tom, from the top of which it flows through pipe
11a to the fourth vessel 13. The water flows
downwardly through vessel 13, hydrolyzing the
fatty material and dissolving glycerin, and flows
out of this vessel through pipe 19 to enter the next
vessel near the top, flowing downwardly coun-
tercurrent to the fatty material through this ves-
sel, and then passes to the next vessel, etc. Each
of these vessels Is provided at the bottom with a
quiescent settling zone in which is maintained a
layer of dilute glycerin or water and in which the
aqueous glycerin separates from the fatty ma-
terial to be withdrawn free from tatty materlal
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except for that dissolved and at the top with a
similar quiescent zone for the separation of the
fatty material from the water or aqueous glycer- -
in. Each of the pressure vessels is provided with

a series of faucets or outlets 21 near the bottom,
to determine the position of the interface between
the settling zone of agueous glycerin and the
fatty material. These faucets or outlets may be

.replaced or supplemented by gauge glasses of

suitable strength and construction. Faucets or
outlets 2ia may be provided near the middle and
top of the vessels for drawing samples. These
pressure vessels may be advantageously grouped
together and placed within a large shell to min-
imize heat losses. If desired, the interior of this
shell may be heated as by means of hot gases to
insure the maintenance of uniform temperatures
within the pressure vessels; or if desired, the shell
may be dispensed with, and suitable unitary heat-
ers, such as hereinafter described in connection
with Pig. 4, may be provided on each of the pres-
sure vessels. Trays may be provided within each
of the pressure vessels to lengthen the path over
which the materials flow, and to increase the in-
timacy of contact between the materials if de-
sired, in order more effectively to wash glycerin
from the fatty acids and water dissolved therein.

One suitable construction of the interior of a
pressure vessel is illustrated conventionally in
Fig. 2, the parts not being to scale. In this flgure
the vessel 22 may be, for example, two feet in
diameter and fifteen feet high and may be made
of suitable pressure-resistant and corrosion-re-
sistant material, such as stainless steel. It is
shown as provided with a serles of trays 23 and
23a, with the alternate trays 23z haying a diam-
eter the same as or somewhat less than the in-
terior diameter of the vessel, and Intermediate
trays 23 of smaller diameter, as shown. These
trays may be spaced, for example, about one inch
apart, more or less, but are shown as propor-
tionately further apart, for convenience of illus-
tration. These trays are suitably supported by
rods or other devices (not shown) and are so
constructed and arranged as to cause the mate-
rial passing through the vessel to follow labyrin-
thian paths, to increase the efficiency of the ex-
cess liquid water in washing glycerin from the
fatty acids,

The alternate trays 23 are shown as of mate-
rially less diameter than the inner diameter of
the vessel and as provided with rims at thelir
outer peripheries over which the material flowing
downwardly, that is, the aqueous glycerin or wa-
ter, must flow; while the other trays 23a which

. are shown as having the same diameter as the
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inner diameter of the vessel, but which may ad-
vantageously have a somewhat smealler diameter
to allow for clearance and expansion, are also
provided with outer peripherial rims and with
openings at the center through which the water

or glycerin must flow in its downward path. The

fatty material, rising through the vessel, follows
the reverse path.

At the bottom of the vessel is shown the set-
tling zone 28, in which the aqueous glycerin is
separated from the fatty material. The aqueous
glycerin, after proper separation, is removed
through outlet 24, while the fatty material is fed
to the apparatus through inlet 285 to a point ad-
vantageously above the lower trays and above the
interface of the fatty material and the aqueous
glycerin or water in the settling zone.

A somewhat similar zone 28 is provided at the’
top of the vessel for the separation of the fatty

'




material from admixed water, so that the fai
material may be removed from the .vessel free
from any water except dissolved water. The
fatty material, after proper separation, is re-
moved through outlet 21 while water is intro-
duced near the top of the vessel through inlet 28
to a point adjacent to the top tray of the vessel
and below the separating zone. Faucets or out-
lets 35 may be advantageously provided near the
bottom of the vessel to permit the determination
of the position of the interface between the set-
tling zone of aqueous glycerin and the fatty ma-
terial. These faucets or outlets may be replaced
or supplemented by a gauge glass of 'suitable
strength and construction. Faucets or outlets 36
may also be provided at the middle and near the
top of the vessel for drawing samples, and a safe-
ty valve 31 is also provided. ,
The vessel 22 is made of sufficient strength to
. withstand the high pressures and temperatures
used in the process with an ample margin of safe-
ty and is advantageously made of a lower shell
28 and an upper dome 30 advantageously pro-
vided with a suitable pressure-resistant gasket
32, ‘
In Fig. 3 is shown another modification of the
trays which may be used within the pressure ves-
sel of Fig. 2 to provide the necessary long path
for the material to insure the necessary intimacy
of contact and completeness of reaction. In this
" modification, the holes in the trays 32 are made
without rims, alternate trays being provided with

23,006
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contained in the fatty acids and aqueous glycerin
taken from the apparatus, will be further heated
by a suitable means, such as by a diphenyl heater
as illustrated in Fig. 6. The apparatus will also
be provided with efficient insulation to conserve
heat, and with suitable thermometers, such as
thermocouples, located at various places through-
out the apparatus to enable the temperatures of
the maerial in the apparatus at various points
to be determined and to enable the proper con-
trol of such temperatures. The apparatus will
also be provided with suitable valves for control-

. ling the input of water and fatty material, and
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for maintaining the pressure within the vessels at
the proper point. Suitable pumps to force the
water and fatty material in under the high pres-
sures used will also be provided. -

In operation, fatty material, such as cocoanut
oil or tallow, is continuously introduced to the -
apparatus shown in Fig. 1 through inlet 14 after
passing through a preheater such as that shown
in Fig. 5 and through a heater such as shown in
Fig. 6 to heat it to the temperature used in the
operation, advantageously to a temperature of
about 235° C., a pump being used to force it in
under a high pressure about 200 pounds in ex-
cess of the pressure of saturated steam at the
same temperature. At the same time, the proper

. amount of water, suitably preheated, is contin-

30

openings near the outer periphery while the other

trays are provided with openings at the center;
the water thus flowing downwardly in a laby-
rinthal path, while the fatty material flows up-
wardly following a reverse path. In Fig. 3, as in
Fig. 2, the trays are shown spaced apart, for con=
venience of illustration, but may be, e. g. one inch
apart in a vessel two feet in diameter. All of the
holes in the trays, which may vary in location
and arrangement, may have slight lips or rims
to retard the downward flow of the aqueous
liquid. :

Fig. 4 shows an arrangement by which the
pressure vessel of Fig. 2 may be heated to coun-
terbalance losses due to radiation and the like.
This figure shows how, on the exterlor of the ves-
sel, there may be provided a number of electrical
heating units 33, with electric connections 34, ar-
ranged in zones, 5o that heat supplied to various
portions of the vessels, that is, the heat supplied
for example to the upper portion and to the mid-
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dle portions of the vessels may be varied inde-

pendently, so that heat may be supplied to those
portions of the apparatus where it is needed while
avoiding an- unnecessary input of heat and
avoiding overheating those portions of the apps~
ratus where heat is not needed. A similar ar-
. rangement of electrical heating units arranged in
zones may be used for heating the pressure ves-
sels of the apparatus shown in Pig. 1 if desired,
and If it is not desired to group all of the vessels
within & single shell, or the pressure vessels may
have such electrical heating units even when in-
cluded within a large shell, thus dispensing with
the necessity of heating the interior of the shell,
with the shell serving to cut down heat losses by
radiation and convection, ‘

It 1s to be understood that suitable heat ex-
changers for the fatty material and water fed to
the apparatus will be supplied, such heat ex-
changets as those shown in Fig. 5 being suitable,
and that the material fed to the apparatus, after
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being preheated to use to advantage the heat 7

uously introduced through opening 15 of vessel
i3 near the top. The fatty material introduced
through opening |4 passes up through the pres-
sure vessel - 18, being separated from the water
or aqueous glycerin in this vessel in the quiet
zone provided at the top of the vessel, and then
is introduced, by pipe 16, near the bottom of ves-
sel |1 free from all water except that dissolved
in it and thus passes through the four vessels in
series. The saponification becomes more com-
plete as the fatty material progresses, and it
comes into contact with water containing less
glycerin as it progresses through the apparatus -
so that there is a strong tendency for the hydrol-
ysis to reach completion, the absence of glycerin
or its presence in but very small amounts in the
later stages tending to drive the reaction to com-
pletion, - At the top of each of the vessels the
fatty material Is separated from the undissolved
water or agijeous glycerin, and is removed con-
taining only dissolved water. It is removed from
the last vessel through outlet 40, and then led to
the heat exchangers where its contalned heat is
used to preheat entering material and where it .
is cooled to a sufficient extent so that the pres-
sure may be released and the fatty acids exposed
to the atmosphere without damage.
meanwhile flows in the opposite direction from
the vessel 13 through the other vessels and finally
through the vessel 10, a quiescent or settling zone
being provided at'the bottom of each vessel so
that the water and dissolved glycerin are sep-
arated from the fatty material and pass from one
vessel to the next with no fatty material except
that dissolved. From the bottom of the vessel
10, an aqueous glycerin solution having a con-
centration which may range from 15% or less to
50% or more is taken. The concentration of the
glycerin - solution depends largely upon the

- amount of excess water over that soluble in the
fatty material at the temperature and pressure

selected which is introduced to wash out the glyc-
erin and carry it through the apparatus.

The apparatus illustrated in Fig. 2 is operated
in a similar manner, the fatty material being
introduced above the settling zone 28 by means of

The water -
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inlet 28, and the water being introduced below
the settling zone 26 by means of inlet 28. .The
water and fatty material thus pass through the
apparatus in counter-current flow over a long
path in intimate contact. - The aqueous glycerin
is removed from the bottom of the gettling zone
20 by means of outlet 24, and the fatty acids are
removed from the top of the settling zone 28 by
means of outlet 27, the hot outgoing materials
then passing to suitable preheaters, such as
shown in Fig. 5, where their contained heat is
utilized for preheating fatty material and water
fed to the apparatus. ) .

I have described the operation .as & continu-
ous process, with water and fatty material con-
tinuously introduced into the apparatus in proper
amounts, and proper proportions; and I prefer
to operate the process in such continuous man-
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being used in amounts sufficient to supply that
required for hydrolysis, that dissolved in the .

. fatty material, and that required to wash out and .
- remove the glycerin from the fatty material as

aqueous glycerin, :
3. The method of hydrolyzing cocoanut oil

- which comprises Intimately contacting such co-

" ner. Nevertheless, the process and apparatus -

may be operated In an intermittent or semi-con-
tinuous manner, with intermittent or alternate
introduction of water and fatty material, within
the scope of my invention in its broader aspects.
Also, while I have described the invention as one
involving the hydrolysis of fats and fatty oils by
the use of liquid water alone, at high tempera-
tures and pressures, it should be understood that
if desired, and. if unobjectionable, suitable cat-
alysts may be used to speed up the hydrolysis.

Where in the following claims the expression
“gubstantially above” is used, it is intended to
limit such claims to exclude only those pressures:
which are insufficient to maintain water in the
liquid state at all times at the operating tem-
peratures, and to include all other pressures,
while maintaining two liquid phases.

I claim: C ‘

1. The method of hydrolyzing fats and fatty
ofls which comprises intimately contacting such
fatty material with water by countercurrent fiow,
-at & temperature of above about 200° C. and at
a pressure about 200 to 250 pounds in excess of
. the pressure of saturated steam at this temper-
ature range whereby the fatty material will dis-
solve water in amounts substantially in excess
of the amount required to hydrolyze the fatty
material while maintaining two liquid phases,
the water being used in amounts sufiicient to
supply that required for hydrolysis, that dis-
-solved in the fatty material, and that required
to wash out and remove the glycerin from the
fatty material as aqueous glycerin.

2. The method of hydrolyzing fais and fatty
olls which comprises intimately contacting such
fatty material with water by countercurrent flow,
at a temperature of above about 200° C., sald
water being maintained in liquid condition by &
pressure substantially above the saturation pres-
sure of steam at the highest temperature em-
ployed, whereby the fatty material will ‘dissolve
water in amounts substantially in excess of the
amount required to hydrolyze the fatty material
while maintaining two liquid phases, the water
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coanut oil with water by countercurrent flow, at
a temperature of above about 200° C., sald water
being maintained in liquid condition by a pres-
sure substantially above the saturation pressure
of steam at the highest témperature employed,
whereby the coacoanut oil will dissolve a greater
quantity of water than that required to hydrolyze
the cocoanut oil while maintaining two liquid
phases, the water being used in amounts sufficlent

‘to supply that required for hydrolysis, that dis-

solved in the fatty material, and that required
to wash out and remove the glycerin from the
fatty material as aqueous glycerin.

4. The method of hydrolyzing tallow which
comprises intimately contacting such tallow with .
water by countercurrent flow at a temperature

" of above about 200° C., said water being main-
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tained in liquid condition by a pressure substan-
tially above the saturation pressure of steam at
the highest temperature employed, whereby the
tallow will dissolve & greater quantity of water
than that required to hydrolyze the tallow while
maintaining two liquid phases, the water being
used in amounts sufficient to supply that required
for hydrolysis, that dissolved in the faity mate-
rial, and that required to wash out and remove
the glycerin from the fatty material as aqueous
glycerin. :

5. The process of forming fatty aclds. and

. glycerin which comprises countercurrently con-
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tacting . fatty acld glycerides and liquid water
under pressure at a temperature above about
200° C. but below that temperature at which the

_fatty material and water form a single phase, the

quantity of water being sufficient to hydrolyze the
fatty acid glycerides and to remove the glycerin
so formed, the pressure being sufficient to main-

5 tain the water in the liquid state at the operating

temperatures.,

6. The method of hydrolyzing fats and fatty
oils which comprises contacting such fatty mate-
rial with water by countercurrent flow, at a tem-
perature above about 200° C. and sufficient to
cause the fatty material to dissolve water in
amounts required to hydrolyze it, said water be-

 ing present in amounts sufficient. to supply that
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required for hydrolysis, that dissolved in the fatty
material,' and that required to wash out and re-
move the glycerin from the fatty material as
aqueous glycerin, the water being maintained in
lquid condition at all times by the application
of pressure, the temperature and pressure being
below that at which a single liquid phase is

formed. U
MARTIN HILL ITTNER.




