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This invention relates to a, process for produc=-
ing ' diglycerides, -particularly-- 1,3 - diglycerides.

({CI1:

A speclﬁc apphcatmn of the: process is the ‘pro=-
duction-of single-acid symmetrical d1glycer1des-“>'--

in high yield. .

In U. S. Patent No0.72,442,631, there is disclosad: -
a process.for-the interesterificdtion of fats-and
fatty-oils:- wherein-said-fats or -oils ‘are -interes-
terified in the presence of a low temperature din- -

teresterification catalyst at a temperature suffi<
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ciently low: that solid glycerides ‘erystallize from - -
the reaction-mixture as they:are formed, -there-----
by - inducinga- continuation: -of - interestemﬁca-
tion-to such ‘an extent-that the:physical proper~- -

ties of the reacted-fats or-oils'may be controlled:

15

to produce products-within a- desired: range-of
properties.- such -as - melting- point and: solidlfy-'-*'f-----

ing pomt

U.:S. Patent 2,442 534 *describes -and claims g
special modification of the' process- of Patent

2,442,531, wherein interesterification with- simul=<-+

taneous erystallization- is practiced -on :thefat -
or o1l in:the:presence:of the: catalyst ‘and an
organic:compound hiaving at least one unesteri-. -

fied alcoholie hydroxyl group, with the result that. -

alcoholysis: is effected: and :insoluble high-melt~i:..
Ing mono=~.and/ordiglycerides formed in. the res -

action:erystallize: from the reaction mix.

SUCh e

mono- -and/or -diglycerides may be: subsequently?"":'..---‘f-
separated from-the: reactmn mix by suitable frac-:

tlonatlon procedures::

51l

It is‘an object of the present-invention to: pro-.--.--s-s:.‘
vide an ‘improved:process:for. the: preferential.
formatmn of diglycerides 'of higher. molecular. -
we;lght fatty acids whose melting points-are not: ..

substantlally below 75° F., & particular.-object be- -

39

ing the provision of a process for the preferen-.:. -
tial formation of 1;3 diglycerides: and: especially
of symmetrical single=acid: d1g1ycer1des of such._r

fatt:,r aeids in substantially pure: form. -

The-présent process;:which also baSJ.cally in-

40

volves law, temperature Interesterification: with -
mmultaneous crystalhzatmn comprises:: (1) in=-. .

teresterifying, wholly-in the liquid phase, higher -

molecular weight triglyceride (at least 10 ear-:.
bon atoms in the aeyl radicals)- Wlth lower molec¢- .

ular.weight. triglyceride (2 to 6 earbon. atoms:in .-
the acyl radicals) to yleld an mterestemﬂed Mmixe .
ture having random . distribution of acyl radicals;: -
(2) .alcoholizing the randomized. mixture. with... ..

glycerol .to form a. single. liquid. phase -mixture.

.50

containing diglycendes of hlgher molecular fat-: -
ty acids, (3) reducing the.temperature. of the .-
system. to that temperature at which’ higher;g:;
molecular. fatty. acid diglycerides formed .in the:. -

reaction precipitate as a solid phase, (4) reducing

0 radical

260—410.%)

= the temperature-and effecting rearrangement-in

the liquid phase with the aid of a low tempera- -
ture interesterification catalyst while said higher -
fatty acid diglycerides precipitate; (5) inactivat-

ing "the*j-interesteriﬁcation catalyst-while main- -
taining precipitated higher fatty acid diglycer-
ides as a-solid phase and (6) subsequently re- -

covering said- solid fatty acid diglycerides from -
the system.

special utility.
In one of its broad aspects the process com-- -

prises -interesterifying: in the presence of a low -~
temperature interesterification: catalyst -a liquid- -

mixture of triglyceride of saturated fatty acid
having:at least-10 carbon atoms in the acyl radi-

cal and triglyceride-of saturated fatty acid -hav- -
ing 2-to 6 carbon atoms in the: acyl. radical, gl--

coholizing- the interesterified mixture in the lig=
uid * phase with - glycerol in amount- at least -
stoichiometrically- sufficient to form- diglyeeride -
of higher molecular combined fatty acid in the -

mixture, and subjecting the resulting alcoholized -

mixture ‘to :low: temperature -interesterification -

with simultaneous crystallization, whereby satu-- -
rated: higher .molecular :weight ' 1,3 diglycerides, -

1ecoverable in substant1ally pure form, are pre--: .-

cipitated. -

One manner in which the invention may be -

practiced; for example, involves effecting inter- -

esterification wholly in the liquid phase between -

tristearin and triacetin, thereby obtaining ran- .
dom distribution of fatty acid radieals; then add~" -
ing glycerol to the randomized system of triglye-. -
erides:in amount at least sufficient stoichiomet- -

rically. .to form: .diglycerides of the- combined ..

stearic acid-in the system and permitting inter-:. .
esterification - and:alecoholysis to take Pplace-in - -
the presence of a. low: temperature interesterifi-

cation catalyst, then :reducing the ‘temperature. - .

of the system whereby:distearin formed in the
reaction -preferentially precipitates.

Triglycerides of fatty acids of lom-rl molecular:. -

weight. other than acetic. acid are operative in .

the practlce of this invention, including: triglyc-.
erides -of propionic; butyrie: va,lerlc and:caproic

acids, mixed:triglycerides of such aclds, and: mlx-; g -
tures of such triglycerides.

'The . process- is well adapted: for use:in the

preparatwn of diglycerides of fatty amds ‘which

contain-from 10 to 22 carbon atoms.in the acyl -

and whose melting points are not sub-

As will be more fully apparent from -
specific examples given below,; the diglycerides: -
which -precipitate when the system: comprises:
only one combined fatty acid of high moleculsr -
weight  are substantially: wholly symmetrical di-:-
glycerides and in this connection the process has - -
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stantially below '75° F., including saturated fat-
ty acids such as caprylie, laurie, myristic, pal-
mitic, margarie, stearic, arachidic, and behenic,
as well as unsaturated fatty acids such as elaidic
and other normally solid cis- and transisooleic
acids including petroselaidic, petroselinic and
vaccenie acids.

Our process will be more clearly understood
from the description of the following specific
examples wherein parts shown are by weight.
However, it is to be understood that the scope
of the invention is not limited to the specific de-~
tails covered in these examples. but rather is to
be measured by the appended claims. |

Example 1.—Tristearin obtained by recryst&l-
lization of substantially completely hydrogenated
linseed oil from commercial normal hexare Was
used in preparing distearin as follows.

100 parts of the tristearin were melted and
mixed with 50 parts of substantially dry triacetin.
To this mixture was added 0.45 part of sodium
methoxide as a suspension in xylene, The mix-
ture was held at 140° F. and interesterification
was permitted to take place for several hours to
effect random distribution of fatty acid radicals.
At the end of this period, 17.7 parts substantially
dry glycerol (12.5% excess over that required for
conversion of all triglycerides of the mixture to
dlglycerldes) were added together with an addi-
tional 0.3 part of sodium methoxide - catalyst.
This mixture was also permitted to react wholly

10
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walled capillaries, thrusting these into ice water
or some other cooling medium so that the fat
solidifies rapidly, and then thrusting successlve
capillaries into liquid baths of different tempera-
tures and noting the lowest temperature at which
the material melts. The maximum melting point
was determined by placing some of the solvent-
free crystals in a capillary, then heating the
crystals in a water bath at the rate of 0.2° C. per
minute and noting the temperature at which the
crystals melted completely.

Example 2.—Tripalmitin was prepared by es-
terification of substantially pure palmitfic acid
with glycerol. The crude tripalmitin was re-
fined, deodorized, and purified by recrystalliza-
tion. The procedure for making dipalmitin was
the same as that shown in Example 1 except that
tripalmitin was substituted for f{fristearin and

- 18.2 parts of dry glycerol (109% excess over that
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in the liquid phase at 140° F. for one day. 'The |

resulting mixture was then agitated at 110° F. to
115° F. for 2% days, at 100° . for 21» days, at
g0° F. for 2 days and at 80° F. for 2 days. Solid
olycerides precipifated from the reaction mix-
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ture at 120° F. and progressive crystallization

took place as the reaction temperature was re-
duced.

At the end of the two-day reaction period at
80° F., the sodium methoxide catalyst was in-
activated by the addition of glacial acetic acid to
the mixture. Then, with the temperature at
about 80° F., 4 volumes of ethyl ether were added
and the resulting slurry was subjected to filtra-
tion. |

The residue from the filtration of the slurry,
containing diglycerides, was dissolved in 10 cc.
(i, e. 10 volumes) of a 50-50 normal hexane and
ethyl ether mixture for each gram of residue and
recrystallized - therefrom at 75°-80° F. Succes-
sive crystallizations were made at 75°-80° F. from
10 volumes of normal hexane and from 10 vol-
umes of a 50-50 mixture of normal hexane and
ethyl alcohol. |

The vield of recrystallized material, substan-
tially pure distearin, amounted to 86% of theo-
retical, The solvent-free product had a hy-
droxyl value of 89 as compared with a theo-
retical value of 89.6. The maximum and mini-

mum capillary melting points were 79.0° C. and

77.0° C. respectively as compared with corre-
sponding values of 78° C. and 74° C. for sym-
metrical distearin as observed by Malkin, Jour.
Chem. Soc. 1937, 1408, Since the corresponding
melting points for unsymmetrical diglycerides
are appreciably lower than those for symmetri-
cal diglycerides it would appear that the rela-
tively high melting characteristics of the product
of this example indicates outstanding purity,
especially in view of the near theoretical hy-
droxyl value. |

In this example and in others which follow,
the minimum melting point of the diglyceride was
determined by placing molten diglyceride in thin-

car g . L
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theoretically necessary for conversion of all tri-
glyceride to diglyceride) were employed. Also

the following slightly different interesterification- -

crystallization schedule was used: 120° F. for 3 .
days, 100° F. for 3 days, 90° F. for 2 days and 80° P
for 3 days.

The final reaction mixture, after acldlﬁcatlon
was recrystallized from solvent 3 times, each
from 8 volumes of a 50-50 hexane and ethyl alco-
hol solvent mixture at 50° F. to give an 86% yield
of dipalmitin having a hydroxyl value of 99 and

a saponification value of 197.9 as compared with ..

theoretical values of 99 and 197.2 respectively.

Maximum and minimum melting points were -
74.2° C. and 71.8° C. respectively as compared with -

corresponding values of 72.0° C. and 68° C. for
symmetrical dipalmitin as observed by Malkin
(ibid.). Obviously the product of.this example
was very pure. Accordingly to Daubert and King,

~Jour. Amer. Chem. Soc. 61, 3328 the melting pomt

for unsymmetrical dipalmitin is 64° C.
Example 3~—Trimyristin was prepared by the
esterification of glyvecerin with myristic acid ob-

tained by frictional distillation of a mixfture of

fatty acids. The crude trimyristin was refined, .
deodorized and recrystallized from a 50-50 ben-
zene and ethyl aleohol solvent mixture. The pro-

cedure employed in converting the trimyristin to -

dimyristin was substantially the same as that
shown in Eaxample 2, 175 parts trimyristin, 52.5

. parts triacetin, and 24.6 parts glycerol (10% ex-

cess over that theoretically necessary for con-
version of all triglyceride to diglyceride) being
employed. About 0.3% sodium methoxide, as a
suspension in xylene, was used during the initial
interesterification, and an additional 0.2% was
added just prior to the interesterification- crysta,l-
lization step.

After inactivation of catalyst, the reaction mix-
ture was crystallized from six volumes of a 1:1
ethyl alcohol and ethyl ether mxture at 30° I,
A 919 vield of dimyristin having a maximum
melting point of 66.6° C. was obtained by this one

- crystallization. After two additional like crystal-
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lizations a dimyristin yield of 81% was noted. -
This product had a hydroxyl value of 107 and a

saponification value of 221.4 as compared with
theoretical values of 109.3 and 218.5 respectively. -

Maximum and minimum melting points were: '
66.8° C. and 64.4° C. respectively as compared with ~

corresponding values of 65.5° C. and 60° C. for

symmetrical dimyristin as observed by Malkin < -

(ibid.). Daubert and King (ibid.) indicate that
the melting point for unsymmetrlcal dlmyrlstm :
is 59° C. -

Emample 4-—-—D11&u1'111 Was prepared frDm trl--" ]

! - - : S p
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laurin. by : substantially ‘the . same- procedure as -
that-shown in Examples 2. and 3, 150 parts trllau--:;;;_
rin, 30 parts triacetin; and 18.9 parts (10% excess- ;-
over. that. theoretmally necessary for conversion . .

of all.triglyceride to diglyceride). glycerol being -

used. . The dilaurin was. recovered in three- CIys=; .
talhzatlons -each from-4 volumes. of 8-1:1 mix-...
ture -of etnyl ether and ethyl alcohol at 30” B oA

eapcmﬁeatmn value of 246 5 as compared w1thf

» '1‘.0 _

theoretical- values .of 123 and 246 respectively.
Maximum: and- mlmmum melting points-were. ..
57.8° C. and 54 8° (. respectwely as . compared
with correspondmg values of 56.5° C. and 49.5° C. -

for symmetrical-dilaurin as observed by Malkin_-

(ibid;).

ffi‘5

Tripropionin: can- be substituted for the. tri-...
acetin used in the above example without, sig= .

mﬁcant change in the reeult
Example 5—A sample of trletearin prepared

A |

from substantially completely hydrogenated lin~- .
seed oil by recrystallization from hexane solution_.-;_

was-used in the process of this example

To 100 parts of the tristearin- were. added 40 .
parte of substantlally dry trlbutyrm and 0 42 part.u;_-
2. suspension:-in xylene

of sodium methoxide as

The: mixture, wholly - in the liquid phase, .was . -
permrtted to mteresterlfy at 140“ F. -To the ..

.......

of glycerol (10% excess over. that theoretically;ﬁ-h.m

dlum methomde
take place at 140” j o
ho rogeneous

[
..!:.

Alcoholy31s was permltted to
until the mixture was. -

30
requned fOl converemn of all trlglycerlde 10

Low temperature interesterification -was then .
begun at 120° F., the temperature ‘being progres-.
sively lowered in 10° P, increments at mtervals .
of 1 to 2 days until a final temperatu.re of 80° F. -

was. reached At the end of the low temperature

interesterification, the catalyst was inactivated. -
by the addition of glacial acetic acid and the.-. .
resulting product - was dissolved in about 7% .
volumes of a 50-50 solvent mixture of commerelal o
normal hexane and ethyl alcohol at room tem- -

erature. . The solid glycerides were recrystalhzed*-__

from such a- solvent mixture 4 times. to give. a

70% yield-of distearin having a complete meltmg

point of 79.9° C. and a minimum melting point of -

17.6° C.

In an aux111ary example, 50 parts of tributyrin__;

o0 -

and about 14.1 parts of glycerol were -used, the . .
other conditions of processing being substantially
the same as in Example 5. The product from

this auxiliary example had a complete melting -
Rl

point of 79.7° C. and a minimum melting point

of 77.4° C. The sapomﬁcatlon value was 177.2
and the hydroxyl value was 90 as compared with -
theoretical values of 179.2 and 89.6 respectively..

Substantlally the same results are obtainable .

by substitution of tucaprom for . trlbutyrin in

this Example 5.

60

Example 6.~—100 parts of trielaidin, 30 parts -
of washed, distilled triacetin, and about 0.3% .
(based on total trlglycerldes) of sodlum meth- L

oxide (as a xylene suspension) were mixed. and_
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reacted at 140° F. for several hours to eﬁect__-.,,_,:_;

random dlstrlbutlon of acyl radlcals

To - the;._.; |

mixture were then added 12 0 parts of dry glyc-
erol (a 5% excess over that required for con-

version of all trlglycende to diglyceride) and

70

alcoholysis was permitted to take place at 120" » o

until the mixture became a homogeneous smgle_

phase. - The reaction mix was allowed to cool to .
100° F, and the temperature was then reduced at

10° -increments every 1 or2 days until the tem-

(f:

6

perature:had reached- 60" F. .- Thercatalyst. was. ...

then: inactwated by the addltlon of glaclal acetlc:es-:;::

acid at 60° F. and the resulting mixture was...

recrystallized.five times as follows:.

(1) From:2: volumes-of a1:1 mmtme of ethyl____;__

ether and ethyl alcohol ab. 70° P |
(2) From:5H volumes oi a 1 1 m1xture 0of ethyl.: - -
ether-and- ethyl alcohol at 75-80° F.- - |
(3): From: 2V yolumes-of al:l mlxtule of ethyl. .
ether and-ethyl alcohol at. 75-80°-F. |

(4)::From: 3. volumes -of a 4:1; mlxture of ethyl .- -

ether and ethyl alcohol at 75-80° F. -
(5) :From 6. volumes of ethyl.ether. at 50° F.

A yleld of substantially pure- d1e1a1d1n amount— L
ing to about 65% was obtained. This material.. -
had & hydroxyl value of 94 and-an. iodine-value: .
of 80.8 as compared with- theoretlcal values of -

94.2 and 81.8 respectively. -
Example. . 7 -—Trlbehemn ‘was:; prepared- . by -

esterification of glycerin with behenic acid. The;-.'.ﬂ-.-.;,;_.

crude- -tribehenin-: was :refined; - deodorized,- and};_‘_,;"'
punﬁed by recrystalhzatlon

A mixture -of 60 parts: purlﬁed tribehenin and T

30 parts.triacetin were interesterifieq for several
5 hours:wholly. in the liquid phase with the-aid.of -
To the mterv--_-,._- -

0.3% sodium methoxide catalyst.
esterified mixture were: added 9.7: parts glycerol -

(about 10% excess.over that. required for: con-

version: of sall - triglycerides - to -diglycerides). -

Alcoholysis Was permitted to take place at. aheut-;-__,_-__,
140°% F. until .a: single-liquid phase. resulted, and .

low .- temperature Jinteresterification : was. . then. .
begun, ~an. additional 0.2% sodium methoxide
_Affer reac- - .
tion.at .120° ' F, for-3 days, the temperature was -
held at 100° F; fol 2-days, at 90° P, for 2. days and-
at 80° F. for 3-days. .Progressive crystallization. . .
of solid ‘diglycerides -took. place as the reaction

being:- added to the:reaction mixture. .

temperature was reduced..
At the end.of the reaction period-the low tem-~..

perature interesterification. catalyst was inacti- ..
vated with. glacial acetic acid: and the resulting

mixture was recrystallized four times as follows: -.

(1) From 9:- volumes of a 5:4 mixture of hex-.. ..

ane.-and ethyl alcohol- contammg 9% water at -

' 75-80° B,

(2)- From 10 volumes of a-4:1 mixture-of hex-- .
ane-and ethyl alcohol at 75-80°F. -

(3) From 10 volumes:of. hexane at 75-80° F.

(4) From 13 volumes of benzene gt 75-80°F. - =

An-80% yield-of dibehenin having-g maximum—--__-
melting - pomt -0f 87.6° C., 'a minimum- melting - -

point of 86.7° C., a hydroxyl value of 77.1:and a -
sapomﬁcatlon value of 154.0 was obtained. -The - -

theoretical hydroxyl -value -and sapomﬁcation-

value-of dibehenin are 76.2 and 152 4 respec-
tively.

In- an aux111ary example 45 parts of triacetin.
were. used in place of the 30 parts: of the above_
example W1th substantlally equal Success.

E:mmple 8-——Tr1margarm was prepared from,;_;
margaric. acid and glycerm To 62.3 parts of - -
purified trlmargarm were added 31.1 parts of tI‘I-H__f_
acetin and 0.28 part sodium methomde Inter- |
esteriﬁcatlon wholly in the liquid phase (140° I I I
was: pernutted o take place for several hours
To the randommed rmxture were. added 10. 9 parts_
of glycerol tabout 10% excess over the theoretlcal L
amount necessary for conversion of all triglyceride
into dlglyccnde) 'This mixture was reacted for

one day at 120° F to give a single homogeneous
- phase.

After the further addition of 0.19 part.
sodmm ‘methoxide catalyst, low temperature in-
teresterification was conducted for one day at
100“ ., for 3 days at 90° F., and 3 days at 80° F, -
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As the temperature was reduced crysﬁalllzatii'e‘n of

diglycerides took place snnulteneeusly with in-

teresterification.
At the end of the above described reaction pen-

od, the mixture was acidulated with glacial acetic .

acid to inactivate the catalyst, and the resulting
mixture was recrysballized five times as follows:

(1) From 4 volumes of a 1:1 mixture of hex-
ane and ethyl alcohol containing 5% water at

15-80° F. (From this single recrystallization a
919, vield of a product having a minimum melt-
ing point of 73.9° C. was obtained.) -

(2) From 5 volumes of a 3:2 mlxture of hex-
ane and ethyl aleohol containing 5% water at
715-80° P

and ethyl alcohol at 75-80° F. |
(4) From 9 volumes of benzene at 50“ )

() From 150 volumes of petreleum ether at

70-80° F. .

An 87% yield of dimargarin he,vmg a maximum.

melting point of 76.3° C. and a minimum melt-

iy |

10

15
(3) From 4 volumes of 1:1 mixture of benzene e

ing point of 74.4° C. was obtained. The saponi--

fication value and hydroxyl value were 188.6 and

94 as compared with theeretmel values of 188 and

94 respectively.
Example 9.—In this exzmple less than the theo-

retical amount of glycerin required to form di- -

glycerides of all triglycerides in the reaetmn mix-
ture was used.

50 parts trimyristin, 20 parts trlacetm and 0. 3% .
of sodium methoxide (suspension in xylene) were .

mixed and reacted at 140° F. to effect interesterifi-
cation wholly in the liquid phase to a random-
ized mixture.
added and alcoholysis was effected at 140° F. until
a single phase liquid mixture resulted. An addi-
tional 0.2% of the sodium methoxide was added
and the low temperature interesterification step

was permitted to take place at 120° F. for 1 day,
115 days, at

at 100° F. for 2 days, at 90° F. for
80° . for 215 days and at 70° F. for 2 days.

3.7 parts of dry glycerol were then

After inactivation of the catalyst at 70° F. the

mixture was dissolved in 8 volumes of a 50-50
mixture of commercial normal hexane and ethyl

alcohol.

o, solvent mixture five times. A 53% yield of di-

Dimyristin was crystallized from such

myristin having a maximum melting point of

85.8° C. and a minimum melfing point ef 63.9° C.
was obtained.

tially pure diglycerides are obtainable by the prac-
tice of the present invention.
pure diglyceride of a single fatty acid is desired,

If snbstentmlly -"55

50
The above examples have dealt Wlth the prepe.-__

ration of single acid diglycerides primarily for the
purpose of showing that high yields of substan-

8

The essential features of the presert irivetition
involve effecting interesterification, wholly in the
liguid phase, between the triglyceride of high
molecular weight and the triglyceride of low
molecular weight and alcoholizing the random-
ized mixture with glycerol to form a single liquid
phase containing desired diglycerides, prior to ef-
fecting low temperature interesterification dur-
ing which high molecular weight diglycerides
formed in the reaction preferentially precipitate
as a solid phase. The amount of low molecular
weight glyceride that must be used in order that
the benefits of the presen{ invention may be
achieved is not sharply critical. We have found,
for example, that amounts in the neighborhood
of 20 per cent of low molecular weight tri-
glyceride, based on the higher molecular tri-
glyceride, will effectively participate in the forma-
tion and preferential precipitation of high molec-
ular diglyceride during the reaction. Amounts
in excess of 20 per cent may of course be ems-
ployed, and we have found that 35 to 50 per cent
is to be preferred. Larger amounts, such as 75
per cent, of course may be employed, but such
amounts represent an unnecessary excess,

The quantity of glycerol to be used in the
practice of the invention must be sufficient for
the formation of the diglyceride of the higher
molecular fatty acid in the reaction mixture.
When theoretical quantities of glycerol are em-
ployed, optimum yields are not obtained. Higher
vields are obtained when a 5 per cent to 50 per
cent excess over the amount theoretically neces-
sary for conversion of all combined fatty acid
(both high and low molecular weight) of the
system to diglyceride is employed. It is prefer-
able, however, that the amount of glycerol used
be less than that amount which will convert all
of the fatty acids to monoglycerides. One of the
surprising results of the present process is that
although monoglyceride of the higher molecular
fatty acids may be present in the reaction mix-
ture in substantial amount, and although mono-
glycerides are generally higher melting than cor-
responding diglycerides, 1,3 diglycerides prefer-
entially precipitate in high purity presumably
because the crystallization rate of such diglyc-
erides in the reaction system employed is higher.

With regard to temperatures used in the prac-
tice of the invention, it is to be borne in mind
that the process initially requires effecting in-

~ teresterification and alcoholysis in a single liquid
- phase system wherein random distribution of

- fatty acid radicals is effected. Temperatures suf-

then it is preferable to use as a starting material

a high molecular triglyceride which includes but

one high melting combined fatty acid, notably

because of the difficulty in segregating mixed high
melting diglycerides from desired pure single- acid
diglyceride. As indicated in the examples such

pure single-acid dlglycerl_des are for the most pert __

symmetrical in nature.

Obviously the process may also be employed to' |

preferentially produce ‘“mixed” diglycerides, 1. e.
diglycerides constituted of two combined fatty
acids of high molecular weight. In such practice,
the reaction mix prior to low temperature inter-

esterification should contain the desired mixture

of high molecular fatty acids in combined form.

The process is then conducted as previously de- '

scribed to eflect simultaneous interesterification
and precipitation of the mixed diglycendes 1n the
presence of low moleculzr glycerides

r L - -
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ficient to effect complete liquefaction should
cherefore be used in the initial stages of the
process. However, after equilibrium has been
established and such is readily effected in a short
time (30-60 minutes) with highly active low tem-
perature interesterification catalysts such as sodi-
um methoxide, then the temperature is reduced

- to effect crystalllzatmn of higher melting di-

65

glycerides from the reaction mixture. The tem-

~ perature schedule employed during this phase

oI the process is not critical. However, it is pref-
erable from the standpoint of yield to conduct
the process so.that a gradual reduction in tem-

~ perature occurs as the crystallization of diglye-

: fully disclosed in the examples.

eridepreceeds. The temperature schedule dur-
ing this later stage of the process can also be
controlled so that the precipitation of the di-

~ glycerides approaches or reaches completion at

a series of successively lower temperatures, as

In this connec-
tion, it is to. be. understood that the invention -
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~Is not limited to the times or temperatures spe-
" cifically shown herein. 'These -are variable, ob-
- viously within limits, and may be increased or
decreased in practicing the process to suit exist-
Ing conditions. For example, if the sensible heat
- of the mixture and heat of crystallization can be
 extracted rapidly without substantial supercool-
~ing then the desired- diglyceride can be formed
in a matter of hours instead of days. In one in-
stance, a mixture containing symmetrical di-
~behenin in good yield was prepared, although
low temperature interesterification was effected
- in about two hours. | |
Although it is preferable to agitate the reaction
mixture during the low temperature interes-
~terification, such a prezcedure is not essential.
~ Results have shown that it is possible to obtain
-~ the advantages of -the present invention with-
out the use of agitation. However; in the early
 stages of low temperature interesterification and
- when the process is conducted on-large batches
of materials, agitation is especially advantagecus
- -and its use is then preferred.
- "The examples indicate the advantageous use of
solvents in the separation of diglyceride from the
- final reaction mixture. In some instances the

~reaction mixture, after inactivation of catalyst,
- - may be first slurried in a solvent such as ethyl

- ether or commercial - hexane, the undissolved
solid diglycerides in'relatively impure form being
- separated by filtration and subsequently purified
by crystallization from solvents or mixtures of
polar and non-polar solvents such as benzene and
alcohol, hexane and ethyl ether, ‘hexane and
-ethyl alcohol, and the like. If it is desired to elim-
Inate the slurrying step then the reaction mix-
ture, with catalyst inactivated, may be dissolved
In solvents and the desired diglyceride ‘then re-
covered by fractional crystallization. If non-
- polar solvents, such as petroleum ether and ben-
zene, or mixtures thereof are used, glycerin and
low molecular weight acid glycerides may sepa-
rate as the lower layer in a two-phase liquid SyS-
tem, the upper layer containing the diglyceride
which may be separated by fractional erystalliza-
tion. If polar solvents, such as ethyl alcohol or
- -mixtures thereof with non-polar solvents.such as
- ‘hexane, benzene, ether and acetone are used, a
one-phase system can be formed from which the
diglycerides and impurities can be separated by
fractional crystallization. It is to be especially
noted from examples above that the products
broduced by only one crystallization are relatively
high in purity but several successive recrystal-
lizations can be employed from different solvent
mixtures if desired.

In the above disclosure we have shown the
use of a low temperature interesterification cata.-
lyst (sodium methoxide) as the catalyst for ran-
domization (interesterification wholly in the
liquid phase), alcoholysis and low temperature
interesterification and such catalysts are pre-
ferred, but effective practice of the invention does
not depend solely upon the use of this particular
compounda. In the early stages of the reaction
where, for example, tristearin and triacetin are
interesterified wholly in the liquid phase, any
sultable interesterification catalyst may he em-
piloyed, and these include substances such as zine
chloride, sodium hydroxide and barium acetate,
for example. |

In the low temperature interesterification-
crystallization phase of the invention, however,
it is essential that a low temperature interesteri-
fication catalyst he employed. Sodium methoxide

10

©is a “preferred compound- adapted to this pur-

pose, but other materials, such as the reaction

~ broduct of an alkali metal with mono-, di- or
- triglyceride may be used. Similarly, the reaction

5 -

product of an alkali metal with s greatl number
of compounds may be used. ‘Thus, for aXample,

- potassium or sodium in combination with prac-

tically any material less acidie than prheno]l can

- form the catalyst when added to the -glyceride.

10

15

2()

Sodium phenoxide appears to be on the border-
line between what may be referred to in ~the

present sense as ‘“‘active” and “inactive’” mate-
rials, because only slight activity of this material

- In low temperature interesterification is noted

when liberal quantities are added to the glyceride

mixture. Moreover, methoxides of alkali metals

other than sodium, such as lithium ahd especially
potassium, are also active in forming catalytic

‘materials with the glycerides. Calcium meth-

oxide and methoxides in which the eation is the

- tetrasubstituted ammonium radieal,: such as

- tetramethyl 'ammonium methoxide and lauryl

kenzyl ammonium methoxide also show activity

~ in the reaction of the present invention.

25

In addition to the methoxides, the correspond-
ing ‘ethoxides, propoxides, butoxides and alkox-

- 1des made Irom alcoholic compounds in general,
~ such as lauryl alcohol, ethylene glycol, mono-
- and diglycerides of the diglyceride mixture, and

3

o
i

terial which is eapable

others may be employed. Triphenyl methyl so-

“dium ‘and potassium pyrrole gre also active as

are suspensions of finely divided metallic potas-
sium or sodium or anhydrous suspensions of po-
vassium hydride and sodium hydride or any ma-
of forming an alkoxide

- with an aleoholic compound.

“¥or more details regarding low - temperature

' Interesterification catalysts and their use refer-

~ ence is made to the two issued U. S. patents
4{v |

above referred to.
_Having thus described our invention, what we

- claim and desire to secure by Letters Patent is:

“single fatty acid, which
5 liquid single-phase system of g triglyceride of g

1. A process of preparing 1,3-diglyceride of 3
comprises forming g

normally higher molecular weight fatty acid hav-

ing from 10 to 22 carbon atoms and melting point

“rabove 75° F.-and from about 20 per cent to about

60
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15 per cent thereof by weight of triglyceride of

G lower molecular weight fatty acid having from 2

to 6 carbon atoms: catalytically effecting infer-
esterification wholly in the liquid phase; adding
to the interesterified mixture substantially an-
hydrous glycerol in amount at least equal to the

5 amount stoichiometrically necessary to convert

the high molecular weight triglyceride to diglye-
eride, and catalytically alcoholizing the mixture
to form a single liquid phase; reducing the tem-
perature of the system to that temperature at
which 1,3-diglyceride of the normally solid higher
molecular weight fatty acid formegd in the reac-
tion precipitates as a solid bhase, continuing in-
teresterification in the liquid phase ¢f the sys-
tem in the presence of 5 low temperature inter-

5. esterification catalyst while said higher fatty acid

diglyceride precipitates, inactivating the low tem-
perature interesterification catalyst while main-
taining precipitated fatty acid diglyceride g5 a
solid phase; and separating fatty acid diglyceride
from the system.

2. Process of claim 1 in whieh the amount of
low molecular weight triglvceride is from about
39 per cent to about 50 per cent weight of the
higher molecular weight triglyceride.

3. Process of claim 1 in which the separation
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11
of the diglyceride is effected by recrystallization
from a solvent. |
4 Process of claim 1 in which the amount of
slycerol employed is in excess of that stoichiomet-
rically required to convert all of the fatty acids
to diglycerides but less than that stoichiometri-

cally required to convert all of the fatty acids to

monoglycerides. -

5 Process of claim 4 in which the excess is
from about 5 per cent to about 50 per cent of the
stoichiometric amount necessary to convert all of
the fatty acids to diglycerides.

6. A process for producing 1,3 diglyceride of
a single higher molecular weight saturated fatty
acid which comprises forming, in the presence of
a low temperature interesterification catalyst, a
single liquid phase reaction mixture of triglyceride

of saturated fatty acid having from about 10 to.

about 22 carbon atoms in the acyl radical and
from sbout 20 per cent to about 756 per cent
thereof by weight of triglyceride of saturated

fatty acid having from 2 to 6 carbon atoms in

the acyl radical and effecting randomization of
fatty acid radicals in the mixture, then alcoholiz-
ing the randomized mixture in the liquid phase

10
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with glycerol in amount at least stoichiometri-

cally sufficient to form diglycerides with all of

" the higher molecular weight fatty acids present,

and subjecting the liquid mixture to low tempera-
ture interesterification with simultaneous crys-
tallization, whereby 1,3 diglyceride of the satu-
rated higher molecular fatty acid, recoverable In
substantially pure form, is precipitated.

7. A process of preparing 1,3 diglyceride of &
single fatty acid, which comprises forming &
liquid, single-phase system of a triglyceride ol
a normally solid fatty acid having 10 to 22 carbon
atoms and a melting point above 73° F., from
about 20 per cent to about 75 per cent thereof by
weight of triglyceride of a fatty acid having from
9 to 6 carbon atoms, and a low temperature
interesterification catalyst; effecting interesterifi-
cation: adding glycerol to the system in amount
at least sufficient stoichiometrically to convert
the higher molecular weight fatty acid tri-
olyceride to diglyceride; effecting alcoholysis of
said triglyceride mixture with said glycerol to
form a single phase liquid system; reducing the

30
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temperature of the system to that temperature
at which diglyceride of normally solid higher
molecular weight fatty acid formed in the re-
action precipitates as a solid phase; continuing
the reaction while said higher fatty acid di-
slyceride precipitates; inactivating the catalyst
while maintaining precipitated fatty acid di-
glyceride as a solid phase; and separating fatty
acid diglyceride from the system. _-

8. A process of preparing 1,3 diglyceride of
a single fatty acid, which comprises forming &
liquid, single-phase system of a triglyceride ol
a normally solid higher molecular weight fatty
acid having 10 to 22 carbon atoms.and a melting
point above 75° F. and from about 20 per cent to
about 75 per cent thereof by weight of tri-
elyceride of a lower molecular weight fatty acid
having 2 to 6 carbon atoms; catalytically effect-
ing rearrangement of fatty acid radicals wholly
in the liquid phase; adding to the rearranged
mixture substantially anhydrous glycerol in
amount at least equal to the amount stoichiomet-
rically necessary to convert the high molecular
weisht triglyceride to diglyceride and catalyti-
cally alcoholizing the mixture to form a single
liguid phase; reducing the temperature of the
reaction mix to that temperature at which higher
fatty acid diglyceride formed in the reaction pre-
cipitates as a solid phase, allowing the liquid

phase of the mixture to react further in the

presence of a low temperature interesterification
catalyst: lowering the temperature progressively
to precipitate higher molecular diglyceride as
formed in the reaction; inactivating the low tem-
perature interesterification catalyst while main-
taining precipitated diglyceride as a solid phase;
and separating and recovering said higher fatty
acid diglyceride from the system.

WILLY LANGE.

FREDRIC J. BAUR.
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