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The present invention relates to the hydrolysis
of glycerides of fatty acids such as fats, oils and
greases and, more particularly, to the splitting
of such glycerides into their fatty acid and glyc-
erol components in the presence of water under
conditions of high temperatures and pressures.

For convenience of reference “fats and oils”
will be used to refer to glycerides of any fatty
acids, saturated or unsaturated, such as fats, oils
or admixtures thereof in:the pure form or in
admixture with other materials. “Fatty ma-
terial” 'will be used as generic to fats and oils
or fatty acids and to refer to either or a mixture
thereof in any proportion.

It is well known that fats and oils are com-
posed principally of fatty acid glycerides which
may be split or hydrolyzed into their fatty acid
and glycerol components by the application of
heat and pressure in the presence of water and,
it desired, a suitable catalyst. Difficulty is ex-
perienced, however, in obtaining a high degree of
splitting inasmuch as the hydrolysis reaction
tends to reach an equilibrium in accordance with
the mass action law. 'This may be offset to some
extent, however, inasmuch as the equilibrium
point can be raised within limits by certain
techniques. In general, however, such a shifting
of the equilibrium point as carried out heretofore
is accompanied by undesirable effects upon the
resulting products, or is disadvantageous in view
of the necessity for the use of expensive equip-

- ment and the difficulty involved in carrying out

_the process in available equipment under opti-
mum conditions of operation.

It is well known, for example, that a higher
degree of hydrolysis may be accomplished by
prolonging the splitting operation in the pres-
ence of an amount of water which is greatly in
excess of thaf required theoretically for complete
hydrolysis. It is apparent, however, that such
& process is disadvantageous in view of the much
greater amount of time involved, the requirement
for equipment of much greater capacity, and the
separation of glycerol in an undesirably dilute
condition from which it is impractical to recover
the glycerol economically.

Another common expedient utilized for shift-
ing the equilibrium point is to. remove one of
the components, i. e., one of the products of the
hydrolysis reaction, so that the reaction may
proceed more nearly to completion. This has
been accomplished heretofore by removing the
glycerol water at intervals, or continuously, if
desired, and replacing the same with fresh water.
In the previous methods of carrying out this type
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of operation, however, it has been difficult to
utilize preferred conditions of temperature and
pressure efiiciently. Moreover, the use of ex-

‘pensive high pressure and temperature equipment -

has been required to obtain a desired capacity
for more economical operation, and even with
the use of such equipment, optimum conditions
of temperature and pressure ordinarily cannot be
utilized.

The use of higher temperatures a.nd pressures,
it is believed, increases the solubility of the water
in the fatty material and thus facilitates the re-

‘action. The utilization of high temperatures and

pressures when the object is to accomplish only
& moderate degree of hydrolysis, primarily is to
accelerate the splitting reaction and thus reduce
the amount of time required for the operation.
Higher pressures and temperatures may be
utilized, also, to shift the equilibrium point and
thus obtain’ a higher degree of hydrolysis, but
this is not an important advantage when the
object is to accomplish only a moderate degree

of hydrolysis, particularly when compared to the

much greater increase in splitting which may -

‘be obtained initially by removing the glycerol

water and replacing it with fresh water. When
the object Is to obtain the highest degree of
hydrolysis possible, however, the use of higher
temperatures and pressures to increase the de-
gree of hydrolysis is very desirable. Attempts
to obtain a maximum degree of hydrolysis by the
use of higher temperatures and pressures simul-
taneously with the replacement of the glycerol
water with fresh water have been unsatisfactory
heretofore in view of the expensive high pres-
sure and temperature equipment required, the
inefliciency inherent in such processes, and the
inabllity to obtain optimum operating conditions
and a desired capacity with even the best avail-
able equipment,

In processes of the type under discussion, be-
cause-of the high unit cost of the stainless steel
or other material used in making the apparatus
and the large amount required in building ap-
paratus that will withstand high pressures, the
investment in apparatus cannot be ignored and
must be considered with the thermal efficiency
and the yield of the desired products. For ex-
ample, it might be possible to design equipment
that would give a high yleld with high thermal
efliciency, but the increased cost of such equip-
ment could not be amortized over its life by -the

improvement in efficiency and yield. It is im-

portant in connection with processes of this gen-
eral type, therefore, not to 1imit the considera-
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tion to the operating conditions in the process
in relation to the results obtained, but also to
consider the apparatus that is required fo attain
those operating conditions. ,

Tt is an advantage of the present invention that
2 high degree of hydrolysis may be obtained by
the efficient use of readily available equipment
and that the operation may be carried out in s
convenient and practical manner with a minimum
use of expensive processing equipment under op-
timum conditions of operation. As a result, the
all over efficiency, taking into account the yield,
thermal efficiency and cost of equipment, of my
process is very advantageous.

In accordance with the invention, the hydro-
1ysis of fats and oils' is carried out in a plurality
of successive zones or stages which are so inte-
grated that the resulting splitting of the fats and
oils, which preferably is carried out in the plu-
rality of zones or stages in different lengths of
time and under different conditions of temper-
ature and pressure, is efiected efficiently and a
maximum degree of hydrolysis is ohtained.

The method of this invention comprises sub-
jecting fats and oils ©o nhydrolysis with water
preferably at decreasing time intervals in a plu-

- rality of successive containers maintained under
suceessively higher conditions of temperature and
pressure. Water is supplied to the last of these
containers preferably at a relatively high tem-
perature and pressure. The pressure is sufficient
to effect a maximum degree of hydrolysis in &
short time interval in the last zone or stage of the
operation and also to provide the pressure re-
quired to pump the water successively through
earlier stages of the operation. The water also
is heated initially to a temperature which prefer-
ably is sufficient to effect a maximum degree of
hydrolysis in a short time interval in the last zone
or stage of the operation, and also to raise the
temperature of the fatty material as it passes
through the successive stages of the splitting
operation.

Notwithstanding the temperature and pressure
gradients existing in successive stages of the op-
eration, the method is carried out efficiently and
conveniently inasmuch as it is necessary to apply
heat to the water or fatty material only initially,
i. e., in a single preheating step. The conven-
ience and efficiency of such & process is readily
apparent. Moreover, it is necessary to subject
the water to pressure by pumping only prior to its
introduction into the system and this may be
carried out while the water is cold. This is an
advantage because cold water may be pumped
readily at very high pressures in contradistine-
tion to the pumping of hot water which involves
many problems primarily because of the difficulty
in lubricating the pump at high temperatures.
There is no such difficulty in pumping f ats af high
temperatures.

In view of the shorter time intervals required
for maximum splitting in the later stages of the
operation, it is possible to utilize vessels of smaller
capacity in said later stages. It is an advantage
of the method of this invention that the higher
temperature and pressure condiions required to
effect a high degree of hydrolysis and which also
reduces the time interval required, may be ap-
plied in one or more small vessels in the final
stages of the operation. This has a decided ad-
vantage because a small vessel may be made to
withstand the high temperatures and pressures
at much less cost than a large vessel. Also being
small, there is much less area for radiation than

10

20

30

36

40

50

65

80

" in the second autoclave.

85

70

75

2,310,986

in a large vessel; this is significant when operat-
ing at the high temperatures used in the last
stage of the splitting because the loss by radiation
varies as the fourth power of the absolute tem-
perature. In view of the smaller vessels required
in the final stage of hydrolysis, moreover, it is
possible to utilize temperatures and pressures
which are higher than those heretofore thought
to be possible from a practical standpoint. The
bulk of the splitting may take place in the earlier
stages at lower temperatures and pressures in a
larger vessel. 'This is not undesirable because a
large vessel can be made to operate at lower pres-
sures without involving great expenditure. Even
though the vessel is large, the radiation loss i8
not & cause for concern because it is not a great
factor at the lower temperatures.

In a system comprising three stages for ex-
ample, it is preferred to utilize three autoclaves
which may be operated at different temperatures
and pressures. For example, the first autoclave
may be operated at a moderate pressure of about
150 to 250 1bs. per square inch and a correspond-
ing temperature; the second autoclave may be
adapted to be operated at a pressure of about 350
to 450 lbs. per square inch and a corresponding
temperature, and the third autoclave preferably
is built to withstand a pressure of the order of 600
to 1000 1bs. per square inch and a corresponding
temperature. Other pressure and temperature
gradients may be utilized, however, and the fore-
going is given merely by way of illustration.
Since the speed of the reaction increases with an
increase in temperature and pressure, the fatty
material can be treated at a progressively faster
rate in the second and third autoclaves. Accord-
ingly, the second and third autoclaves may be
made smaller with the advantages pointed out
heretofore, and yet inasmuch as the time required
for hydrolysis is decreased the amount of fat that
can be treated in the smaller autoclaves in a given
time is not reduced to below that which can be
treated in the first autoclave and there is no re-
duction in the desired capacity of the process.

If, for example, the fat and water are per-
mitted to remain in the first autoclave for 200
minutes, in the second autoclave for 50 minutes
and in the last autoclave for 10 minutes, it

‘'would be possible to construct the last auto-

clave approximately one twentieth as large as
the first autoclave.

The water preferably is pumped when ceold
at a pressure which it is desired to maintain
in the third autoclave. Heat exchangers are
provided between the pump and the autoclave
for heating the water prior to admission to the
autoclave to g high temperature such that upon
contact with the cooler fat being introduced into
the autoclave, the water will not. be cooled below
the temperature desired in the autoclave. The
water from the third autoclave may be per-
mitted to flow to the second autoclave by throt-
tling to reduce the pressure to that maintained
The water will not be
super-heated at the lower pressure in the sec-
ond autoclave because part of its latent heat
will be used in raising the temperature of the
fat that is pumped into the second autoclave
from the first autoclave which is operating at
a lower temperature. A like amount of water
from the second autoclave is passed to the first
autoclave, and a like amount removed from the
first autoclave as glycerine water.

The path of the fats and oils, on the other
hand, is in the reverse direction, 1. e, it is



2,310,286

pumped to the first autoclave and from thence
to the second and finally into the third auto-
clave. An equal amount of the fatty material
is transferred from the first to the second auto-
clave from the second to the third, and from
the third autoclave to an accumulator.

The process not only has the advantages
enumerated heretofore, but retains the advan-
tanges of counter-current operation, i. e., the
last split which is the most difficult is accom-
plished with fresh water to facilitate the hy-
drolysis and the first split which is the easiest,
utilizes the glycerine containing water which
does not interfere greatly with the hydrolysis
of this stage. It is preferred to operate the
process intermittently, i. e., following & shift of
the fatty material and water from autoclave to
autoclave, all valves interconnecting the auto-
claves are closed and there is a definite time in-
terval during which the reaction is permitted
to take place. This interval preferably is suf-
ficiently long to permit a substantial equilibrium
to be reached in each vessel, or at least as much
as is efficlent under operating conditions. The
time interval will probably be governed largely
by the conditions in the last autoclave and the
type of product desired. Following such a time
interval, the valves connecting the autoclaves
are opened, whereupon fresh water is pumped
into the third autoclave, fresh fat and oils are
pumped into the first autoclave, and a transfer
is made from the first to the second and the
second to the third autoclaves. If desired, how-
ever, the operation may be carried out in a con-
tinuous manner.

In order that the invention may be more
clearly understood, reference is made to the ac-
companying drawing which shows diagram-
matically apparatus which may be utilized in
carrying out the invention. The first autoclave
i is of relatively large capacity and is adapted
to be maintained under a pressure of, for ex-
ample, 200 Ibs. per square inch. The second
autoclave 2 is of smaller capacity and is adapted
to be operated at a pressure of about 400 lbs.
per square inch, The third autociave 3 is rela-
tively small in capacity and is adapted to be
" operated at a pressure of about 600 to 1000 lbs.
per square inch.

The relative size of the autoclaves will depend
primariiy on the rates of reaction in the several
autoclaves. This in turn will depend, at least

"in part, on the temperatures and pressures that
- can be obtained in the manner described. The
principles involved in relating these variables are
merely a matter of design and readily apparent
to those skilled in the art after a knowledge of
the disclosure of the process set forth herein.
In carrying out the invention, the relative ca-
pacities of the autoclaves may be varied over a
wide range without departing from the scope of
the invention. If desired, for example, satis~
factory resuits may be obtained by utilizing a
first autoclave having a capacity of the order of
about four times that of the second autoclave
and about twenty times that of the third auto-
clave. This example is given merely by way of
illustration to assist in an understanding of the
invention and is not intended to be construed
as an express or implied Hmitation upon this
particular feature of the invention.

Fat is pumped into the first autoclave by means
of a pump 4 and is heated initially to the tempera~
{ure prevailing in the first autoclave by means of
a heat exchanger 8, The first autoclave and sec-
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ond autoclave are interconnected intermediate
the ends by means of a conduit 6 which is pro-
vided with a pump T for transferring the fatty
material and increasing the pressure thereon
when it passes to the second autoclave. In simi-
lar manner, the second and third autoclaves are
connected by means of a conduit 8 and oil pump 8.

The water is pumped by a water pump {0
through a heat exchanger 11 and is admitted ad-
jacent the top of the third autoclave. The third
autoclave may be provided with a stirring device,
such as, for example, a tube {2 provided with a
baffle 13, and a propeller {4 which is driven by an
outside source of power 15. The water from the
third autoclave is permitted to flow to the second
autoclave by means of a conduit {6 and & second
conduit {71 cornected to a distributing device 18
situated at the top of the second autoclave, A
valve 19 is provided in the conduit 16 for regulat-
ing the flow of water therethrough. If desired
a pump 20 connected to the bottom of the second
autoclave and the second conduit |7 may be pro-
vided for circulating water in the autoclave. In
similar manner the water is permitted to flow
from the second autoclave to the first autoclave
by means of a conduit 21 provided with a valve
22 and a second conduit 23 connected to a dis-
tributing device 24 situated at the top of the first
autoclave. A pump 25 may bé provided as de-
scribed in connection with the second autoclave
for circulating the water in the first autoclave.

The glycerol water is removed from the bottom
of the first autoclave through a conduit 26 pro-
vided with a valve 21, If desired, the glycerol
water so removed may be utilized to preheat the
water pumped to the flrst autoclave. The pro-
vision of suitakle heat exchangers for carrying out
such a preheating is conventional and is not shown
in the drawing. The fatty acid product is re-
moved from the third autoclave through a con-
duit 28 provided with a valve 28 to an accumu-
lator 30 from which it may be removed as desired.

The relative proportion of fat and water intro-
duced into the system may vary but I prefer to
use a volume of water that is about 40 to 756% of
the volume of the fat.

In utilizing the apparatus above described, the
operation is carried out for a short period of time
in order that an equilibrium may be reached.
After this short interval of time, it is desired to
accompiish & split of the fatty material of the
order of 60 to 75% about in the first autoclave,
while in the second autoclave the degree of split-
ting desired may be about 75 to 90% and in the
third autoclave a desired high degree of hydroly-
sis of the order of 90 to 97% may be accomplished,

The high degree of splitting of the fatty ma-
terial which is carried out in the third autcclave
may be accomplished, for example, in approxi-
mately 10 to 20 minutes. Accordingly, it is pre-
ferred under such conditions of operation to shift
the water and fatty materials from autoclave to
autoclave at time intervals of the order of about
10 to 20 minutes when the apparatus is operated
intermittently. It will be apparent that longer or
shorter time intervals would be effective depend-
ing upon the time interval required to effect the
desired degree of hydrolysis which in turn may be
regulated by varying the pressure and tempera-
ture conditions utilized.

The temperature conditions referred to above
in connection with the operation of the autoclaves
are described in their relationship with the pres-
sures utilized. Hydrolysis is accomplished most
effectively whern the water and fatty material are
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in a liquid phase, i. e., in liquid contact. A liquid
emulsification is desirable also to prevent thermal
decomposition of the fatty materials at high tem-
peratures. The temperatures utilized assist in
effecting the high pressures required, but it will
be apparent that the temperature should be main-
tained at least slightly below the temperature of
saturated steam at the pressure prevailing in the
autoclaves. The preferred temperature ranges
may be derived from any standard tables of satu-
rated steam temperatures and pressures. For ex-
ample, at 200 ibs., 400 lbs. and 600 lbs. per sq. inch,
the maximum desired temperatures would be
about 388° P\, 448° F., and 488° F., respectively.

It is preferred to construct the autoclaves, con-
duits and other apparatus of metal which does

10
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not have a deleterious effect upon the hot fatty .

materials. The use of such metals in the treat~
ment of fatty materials is conventional. Among
the alloys which may be utilized are the nickel
chromium steels.

It will be apparent that any number of auto-
claves may be utilized in series. While two may
be employed utilizing the principles of my inven-
tion, three is the preferable minimum, Four or
more may be employed depending on the relation
‘of the cost of the equipment to the advantages
gained. A wide range of temperatures and pres-
sures may be utilized in each autoclave. The time
intervals utilized and the degree of splitting ob-
tained in each autoclave also may be varied over
wide ranges depending upon the results desired.
Inasmuch as the invention herein described may
be susceptible to many variations by one skilled
in the art, as discussed above, all such variations
are intended to be included within the scope of
the invention

Iclaim:

1. A method of hydrolyzing fat and oil in a plu-
rality of successive hydrolyzing zones comprising
supplying fat and oil under pressure to the first
of saild zones, supplying water at an elevated
temperature and at & higher pressure to the last
of said zones, transferring fatty material to each
succeeding zone from the preceding zone under
increasing pressures, transferring water to each
preceding zone from the succeeding zone under
"decreasing pressures, withdrawing water and
glycerol from the first zone, and withdrawing fatty
acid from the last zone. .,

2. ‘A method of hydrolyzing fat and oil in a plu-
rality of successive hydrolyzing zones comprising
the steps of supplying fat and oil under pressure
to the first of said zones, supplying water at an
elevated temperature and at & higher pressure to
the last of said zones, transferring fatty material
to each succeeding zone from the preceding zone
under increasing pressures, transferring water
to each preceding zone from the succeeding zone
under decreasing pressures, withdrawing water
and glycerol from the first zone, and withdrawing
fatty acid from the last zone, said steps being car-
ried out at predetermined intermittent intervals.

3. A method of hydrolyzing fat and oil in a plu-
rality of successive hydrolyzing zones comprising
supplying fat and oil under pressure to the first
of said zones, supplying water at an elevated tem-
perature and at a higher pressure to the last of
said zones, transferring fatty material to each
succeeding zone from the preceding zone under
increasing pressures and temperatures, trans-
ferring water to each preceding zone from the
succeeding zone under decreasing pressures and
temperatures, withdrawing water and glycerol
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from the first zone, and withdrawing fatty acid
from the last zone.

4, A method of hydrolyzing fat and oil in a plu-
rality of successive zones comprising supplying
fat and oil at a pressure of the order of about 150
to 250 1bs. per sq. inch and at an elevated tem-
perature below that of saturated steam at the
said pressure to the first of said zones, supplying
water at & pressure of not less than about 500 lbs.
per sq. inch to the last of said zones, and at a
temperature such that the water in said zone is
below that of saturated steam at the said pressure,
transferring fatty material to each succeeding
zone from the preceding zone under increasing
pressures, transferring water to each preceding
zone from the succeeding zone under decreasing
pressures, withdrawing water and glycerol from
the first zone, and withdrawing fatty acid from
the last zone.

5. A method of hydrolyzing fat and oil in a plu-
rality of successive vessels comprising forcing fat
and oil under pressure into the first of said ves-
sels, heating the fat and oil at least prior to ad-
mitting it into the first vessel, forcing water at a
higher pressure into the last of said vessels, heat-
ing the water at least prior to admitting it into
the third vessel to a temperature exceeding that
to which the fat and oil is heated, forcing fatty
material into each succeeding vessel from the
preceding vessel under increasing pressures, per-
mitting water and resulting glycerol to flow from
the succeeding vessel into each preceding vessel
under decreasing pressures, withdrawing water
and glycerol from the first vessel, and withdraw-
ing fatty acids from the last vessel.

6. A method of hydrolyzing fat and oil in a plu-
rality of successive vessels comprising forcing
hot fat and oil under pressure into the first of
said vessels, forcing water at a higher tempera-
ture and pressure into the last of said vessels,
forcing fatty material into each succeeding vessel
from the preceding vessel under increasing pres-
sures, permitting water and resulting glycerol to
flow from the succeeding vessel into each pre-
ceding vessel under decreasing pressures, with-

drawing water and glycerol from the first vessel,

and withdrawing fatty acids from the last vessel.

7. A method of hydrolyzing fat and oil in a plu-
rality of successively smaller vessels connected
in series comprising forcing hot fat and oil under
pressure into the first of said vessels, forcing
water at a higher temperature and pressure into
the last of said vessels, forcing fatty material into
each succeeding smaller vessel from the preceding
larger vessel under increasing pressures, per-
mitting water and resulting glycerol to flow from
the succeeding smaller vessel into each preceding
larger vessel under decreasing pressures, with-
drawing water and glycerol from the first vessel,
and withdrawing fatty acids from the last vessel.

8. A method of hydrolyzing fat and oil in a plu-

~ rality of successively smaller vessels connected in

85

70

(£]

.series comprising forcing hot fat and oil under

pressure into the first of said vessels maintained
at a pressure of the order of 150 to 250 1bs. per sq.
inch and an elevated temperature below that at
which water in a vapor phase would be formed,
forcing water at a higher temperature and pres-
sure into the last of said vessels maintained at a
pressure of the order of at least 500 lbs. per sq.
inch and a temperature below that at which water
in a vapor phase would be formed, forcing fatty
material into each succeeding vessel from the pre-
ceding vessels under increasing pressures, per-
mitting water and resulting glycerol to flow from
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the succeeding vessel into each preceding vessel
under decreasing pressures, withdrawing water
and glycerol from the first vessel, and withdraw-
ing fatty acid from the last vessel.

9. A method of hydrolyzing fat and oil in &
plurality of successively smaller vessels connected
in serles comprising the steps of forcing hot fat
and oil under pressure into the first of said ves-
sels, forcing water at a higher temperature and
pressure into the last of said vessels, forcing
fatty material into each succeeding smaller ves-

10

sel from the preceding larger vessel under in-

creasing pressures and temperatures, permitting
water and resulting glycerol to flaw from the suc-
ceeding vessel into each preceding larger vessel

under decreasing pressures and temperatures, .

withdrawing water and glycerol from the first
vessel, and withdrawing fatty acid from the last
vessel, said steps being carried out at a rate such
that a high degree of hydrolysis is obtalned in
the last vessel. .

10. A method of hydrolyzing fat and oil in a
plurality of successive vessels comprising forcing
hot fat and oil under pressure into the first of
said vessels, forcing water at a higher tempera-
ture and pressure into the last of sald vessels,

forcing fatty material into each succeeding vessel .

15
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from the preceding vessels under increasing pres- .

sures, permitting water and resulting glycerol to
flow from the succeeding vessel into each preced-
ing vessel under decreasing pressures, azitating
the fatty material and water in at least one of
said vessels, withdrawing water and glycerol from
the first vessel, and withdrawing fatty acid from
the last vessel. .

11, A method of hydrolyzing fat and oil in &
plurality of successively smaller vessels connected
in series comprising the steps of pumping fat
and oil and admitting it while hot under pressure
into the first of said vessels maintained at a
pressure of the order of 150 to 250 lbs. per sq.
inch and at an elevated temperature hu. below
that at which water in a vapor phase would be
formed, pumping water and admitting it at a
higher temperature and pressure into the last of
said vessels maintained at a pressure of the or-
der of at least 500 1bs. per sq, inch and a tem-
perature below that at which water in a vapor
phase would be formed in said vessel, pumping
fatty material into each succeeding vessel from

80

40

3

an elevated temperature at least prior to ad-
mitting it to the first vessel, pumping water at
& higher pressure into the third of said vessels,
heating said water at least prior to adiniiting
it to the third vessel to a temperature higher
than that to which the fat and oil are heated,
pumping fatty material from {he first to the
second vessel and from the second to the third
vessel, transferring water and resulting glycerol
from the third vessel to the second vesszl and
from the second vessel to the first vessel, with-
drawing fatty acid from the third vessel, and
withdrawing water and glycerol from the first
vessel, said steps being carried out at a rate such
that at least 60%, 75% and 90% hydrolysis of the
fat and oil is -accomplished in the first, second

-and third vessels, respectively.

14. A method of hydrolyzing fat and oil in a
series of three vessels of successively smaller ca-
pacity such that the capacity of the first vessel
is substantially four times that of the second ves-
sel and substantially twenty times that of the
third vessel comprising the steps of pumping
fat and oil and introducing it under pressure and
at an elevated temperature into the first of said
vessels, pumping water and introducing it at a
higher temperature and pressure into the third
of sald vessels, pumping fatty material from the
first to the second vessel and from the second to
the third vessel under increasing pressures, trans-

ferring water and resulting glycerol from the

third vessel to the second vessel and from the
second vessel to the first vessel under decreasing
pressures, withdrawing fatty acid from the third

- vessel and withdrawing water and glycerol from

the first vessel, said steps being carried out at
& rate such that at least 70%, 85% and 95%
hydrolysis of the fat and oil is accomplished in
the first, second and third vessels, respectively.

15. A method of hydrolyzing fat and ofl in a
series of three vessels comprising the steps of
pumping the. fatty material under pressure into
the first of said vessels, preheating the fatty ma-

_terial at least prior to admitting it to said first

vessel, pumping water and preheating it to a
relatively high temperature before admiiting it
into the third of said vessels, pumping fatty
material from the first to the second vessel and

_ from the second to the third, vessel, transferring

50

the preceding vessels under increasing pressures, .

permitting water and resulting glycerol to flow
from the succeeding vessel into each preceding
vessel under decreasing pressures, withdrawing
water and glycerol from the first vesscl, and

water and resulting glycerol from the third vessel
fo the second vessel and from the second vessel

‘to the first vessel withdrawing fatty acid from

the third vessel, and withdrawing water and

. glycerol from the first vessel, sald pumping be-

66

withdrawing fatty acids from the last vessel, sald = -

steps being carried out intermittently at time
intervals of the order of 10 to 30 minutes.

12. A method of hydrolyzing fat and oil ir a
series of three Vessels comprising pumping fat
and oil and introducing it while hot under pres-
sure info the first of sald vessels, pumping water
and introducing it at a higher temperature and
pressure into the third of said vessels, pumping
fatty material from the first to the second vessel
and from the second to the third vessel, trans-
ferring water and resulting glycerel from the
third vessel to the second vessel and from the
second vessel to the first vessel, withdrawing fatty
acid from the third vessel, and withdrawing wa-
ter and glycerol from the first vessel.

13. A method of hydrolyzing fat and ofl in a
series of three vessels comprising the siteps of
pumping fat and oil under pressure into the
first of sald vessels, heating sald fat and oil to
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Ing carried out at a pressure stch that ihe first
vessel will be operated at a pressure of about
150 to 250 lbs, per sq. inch, the second vessel at
a pressure of about 350 to 450 lbs, per square
inch and the third vessel at a pressure of about
800 to 1000 lbs. per square inch, and said pre-
heating being carried out at s temperature such
that the temperature maintained in the auto-
claves will approach but be below that at which
& water vapor phase is formed. ’

18. A method of hydrolyzing fat and oil in &
series of three vessels of successively smaller ca-
pacity comprising the steps of pumping the fat
and oil under pressure into the first of said ves-
sels, heating the fat and oil at least prior to ad-
mitting it to the Arst vessel, pumping water into
the third of said vessels, heating the water at least
prior to admitting it to the third vessel, pump-
ing fatty maiterial from the first to the second
vessel and from the second to the third vessel,
transferring water and resulting glycercl from
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the third vessel to the second vessel and from the
second vessel to the first vessel, withdrawing fat-
ty acid from the third vessel, and withdrawing
water and glycerol from the first vessel, said
pumping being carried out st a pressure such
that the first vessel will be operated at a pressure
of about 200 Ibs. per square inch, the second ves-
sel at a pressure of about 400 1bs. per square inch
and the third vessel at a pressure of about 00—
1000 1bs. per square inch, and said preheating be-
ing carried out at a temperature such that the
temperature maintained in the autoclaves will
be below that at which a water vapor phase is
formed, said steps being carried out at a rate
such that at least 70%, 85% and 95% hydrolysis
of the fatty material is accomplished in the first,
second and third vessels, respectively.

17. A method of hydrolyzing fat and oil in a
series of three vessels of successively emaller ca-
pacity such that the capacity of the first vessel
is substantially four times that of the second ves-
sel and substantially twenty timeg that of the
third vessel, comprising the steps of pumping fat
and oll into the first of said vessels, heating the
fat and oil at least prior to admitting it to the

_first vessel, pumping the water into the third of
said vessels, heating the water at least prior to
admitting it to the third vessel, pumping fatty
material including resulting fatty acids from the
first to the second vessel and from the second to
the third vessel, transferring water and result-
ing glycerol from the third vessel to the second
vessel and from the second vessel to the first
vessel agitating the fatty material and water in
said vessels, withdrawing fatty acid from the
third vessel, and withdrawing water and glycerol
from the first vessel, said pumping being carried
out at a pressure such that the first vessel will
be operated at & pressure of about 200 1bs. per

. square inch, the second vessel at a pressure of
about 400 1bs, per square inch and the third ves-
sel at g pressure of about 600-1000 Ibs. per square

inch, and said preheating being carried out at a
temperature such that the temperature main-

talned in the autoclaves wiil be below that at
which a water vapor phase is formed.

" 18. A method of hydrolyzing fat and oil in a
series of three vessels of successively smaller ca-
pacity such that the capacity of the first vessel
* is substantially four times that of the second ves-
sel and substantially twenty times thai of the

10

5

20

30

35

2,310,086

third vessel, comprising the steps of pumping the
fat and oil into the first of sald vessels, heating
the fat and oil at least prior to admitting it to
the first vessel, pumping the water into the third
of said vessels, heating the water at least prior
to admitting it to the third vessel, pumping fatty
material including resulting fatty acids from the
first to the second vessel and from the second to
the third vessel, transferring water and resulting
glycerol from the third vessel to the second ves-
sel and from the second vessel to the first vessel,
withdrawing fatty acid from the third vessel, and
withdrawing water and glycerol from the first
vessel, said pumping being carried out at a pres-
sure such that the first vessel will be operated
at a pressure of about 200 lbs. per square inch,
the second vessel at & pressure of about 400 lbs.
per square inch and the third vessel at a pressure
of about 600-1000 1bs. per square inch, and said
preheating being carried out at a temperature
such that the temperature maintained in the au-
toclaves will be below that at which a water vapor
phase is formed, said steps being carried out in-
termittently at time intervals such that at least
10%, 85% and 85% hydrolysis of the fatty mate-
rial is accomplished in the first, second and third
vessels respectively.

19. A method of hydrolyzing fatty material in
a system comprising three autoclaves of succes-
sively smaller capacity, comprising the steps of
introducing water and resulting glycerol from the
second autoclave and preheated fatty material to
the first autoclave at a resulting temperature of
the order of 388° F. and'a pressure of the order
of 200 lbs. per square inch, transferring water
and resulting glycerol from the third autoclave
and fatty material from the first autoclave to the

- second autoclave at a resulting temperature of
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the order of 448° F. and a pressure of the order
of 400 1bs. per square inch, introducing fatty ma-

- terial from the second autoclave and preheated
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water to the third autoclave at a resulting tem-
perature of about 488° F. and a pressure of the
order of 600-800 1bs. per square inch, withdraw-
ing glycerol and water from the first autoclave,
and withdrawing fatty acid from the third auto-
clave, said steps being carried out at intervals
such that at least 70%, 85% and 85% hydrolysis
of the fatty material is accomplished in the first,
second, and third autoclaves, respectively.
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