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collected on a Buchner, funnel. The dry acid, 2.2 g.,
was crystallized twice from benzene m.p. 80° C.
Cale. for C,,H,,0, % C=167.13 % H = 10.55.
Neutral Equiv. = 286.
Saponification Equiv. — 286.
Found % C = 66.94 % H ==10.63,
Neutral Equiv. = 289,
Saponification Equiv. = 287. ,

A portion of the above acid ester was saponified
with alcoholic caustic potash. After a few minutes
warming, a quantity of granular crystals separated.
These were filtered off and washed with 95% aleohol
to remove potassium myristate and recognized as
potassium glycolate by conversion to the p-nitro
benzyl ester m.p. 107° and comparison with a known
specimen of p-nitro benzyl glycolic ester (7).

Summary

1. It has been shown that pure anhydrous glycerol
and fatty triglycerides do not react appreciably below

decomposition temperatures, but that water or an
alkaline material such as soap will catalyze reaction.

2. It has been shown that fatty monoglycerides
when free from soap or alkaline material can be dis-
tilled in vacuum with only slight reversion in the
higher members of the series.

3. The monoglycerides produced by the action of
glycerol on methyl esters of fatty acids using caustie
alkali as catalyst have been shown by periodic acid
oxidation to have «-mono glyceride structure.
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Modification of Vegetable Oils
VI. The Practical Preparation of Mono- and Diglycerides

R. 0. FEUGE and A. E. BAILEY!

Southern Regional Research Laboratory?
New Orleans, Louisiana

ECHNICAL mono- and diglycerides are prepared

by the reaction of fat or fatty acids with glycerol

in the presence of an alkaline catalyst (4, 6, 8).
These materials not only find wide use in such indus-
trial applications as the manufacture of ‘‘high-ratio”’
shortenings and oil-modified resins, but are also poten-
tially important as intermediates for the preparation
of so-called ‘‘tailor-made’’ fats.

The reaction product of fatty acids or fat with an
excess of glycerol consists invariably of a mixture of
mono-, di-, and triglycerides with unreacted glycerol.
No systematic investigation has been made of the reac-
tion in terms of the composition of the reaction prod-
uet. However, various investigators (8, 9, 11, 12, 15)
have reported that the composition is dependent upon
such factors as the temperature, the reaction time,
and the amount and nature of the catalyst used, as
well as the proportions of fatty acids and glycerol in
the reaction mixture.

In the case of a fat reacted with a very small excess
of glycerol and a suitable catalyst there is strong
evidence (2) that the fatty acid radicals become rear-
ranged to an ultimate state of random distribution
amongst the triglyceride molecules. Since in technical
mono- and diglyceride manufacture there exist con-
ditions equally favorable to acyl interchange, it seems
surprising that the composition of the product should
depend upon the temperature or similar conditions of
reaction. In a homogeneous material in which the
reaction has been carried to equilibrium it would ap-

1Present address, Votator Division, The Girdler Corporation, Louis-
ville, Kentucky.

30ne of the laboratories of the Bureau of Agricultural and Industrial
Chemistry, Agricultural Research Administration, U. 8. Department of
Agriculture.

. pear more reasonable to expect that the proportions

of triglycerides, diglycerides, monoglycerides, and
free glycerol would conform to a pattern of random
distribution with respect to OH groups esterified.®
In such a material the composition would depend
solely upon the proportions of fatty acids and glye-
erol reacted, and would be calculable by statistical
methods (2).

The present investigation was undertaken to gen-
erally elucidate the manner of mono- and diglye-
eride formation and decomposition, and particularly
to test the above-mentioned hypothesis of random
distribution.

Experimental

The fat used in the experiments consisted of refined
cottonseed oil which had been hydrogenated to an
iodine value of 0.7. The average molecular weight of
the (tri-) glycerides, calculated from the neutraliza-
tion value of the fatty acids, was 876.2, This corre-
sponds to a molecular weight of 614.9 for the diglye-
erides and 353.5 for the monoglycerides. Calculated
glycerol contents for the tri-, di-, and monoglycerides
were 10.51%, 14.98%, and 26.05%, respectively.

Reaction between the fat and glycerol was carried
out in the stirred glass vessel described previously
(7), under an atmosphere of hydrogen. In all cases
sodium hydroxide equivalent to 0.1% of the weight
of the fat was used as a catalyst.

The reaction product was analyzed for total con-
tent of free and combined glycerol by the official
A. O. C. S. bichromate method (1), after aleoholic

3This expectation was first called to the attention of the authors by
Mr. E. W. Eckey of the Proctor and Gamble Laboratories.
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saponification and removal of the alecohol by the pro-
cedure of Smith and Matthews (14). After being
freed of uncombined glycerol by washing with 20%
sodium sulfate solution, the fatty portion of the prod-
uct was analyzed for combined glycerol by the above-
mentioned method and for monoglyceride content by
the periodic acid oxidation method of Pohle, Mehlen-
bacher, and Cook (13). From these data the compo-
sition of the product was calculated, in terms of free
glycerol, mono-, di-, and trlglyeerldes In making the
calculations, it was assumed that sodium soa’ﬁ'édﬁlva-’
lent to the sodlum hydroxide catalyst was present in
the unwashed but not in the washed produet. The
glycerol used was a U. 8. P. product which contained
95.4% anhydrous glycerol by analysis. In all succeed-
ing tabulations of data amounts of glyeerol are given
in terms of anhydrous material.

In some cases, in order to obtain a homogeneous
reaction product at a relatively low temperature, the
reaction was conducted in the presence of phenol or
cresol as a solvent as recommended by Hilditeh and
Rigg (9, 10). The solvent was removed from the fin-
ished product by stripping with a current of hydro-
gen under the vacuum created by a Megavac pump:
Even when using fractions of the solvents which had
been carefully redistilled some difficulty was experi-
enced in freeing the product of solvent without decom-
position of the glycerides; in fact it is believed that
some slight decomposition occurred in all cases, as in
the presence of the catalyst the monoglycerides ap-
peared to be unstable even under very mild stripping
conditions. For example, in one experiment conducted
in phenol the monoglyceride content of the product
was 59.3% after stripping at 80-100° C., but 58.9%
after continued treatment at 115-120° C. In another
experiment in which m-cresol was used as the solvent
the monoglyceride content was 63.0% after stripping
at 80-100° C., but 61.89% after 45 minutes additional
stripping at 125° C. to remove all solvent odor.

In experiments in which the produet was steam
deodorized, deodorization was carried out at a pres-
sure of about 1 mm. of mercury in the apparatus
described by Bailey and Feuge (3). Removal of the
catalyst prior to deodorization was effected by treat-
ment with strong phosphoric acid, according to the
method of Eckey and Clark (5).
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F1a. 1. Course of reaction of fat with 16.63% of its own
weight of glycerol. Combined glycerol content of the fatty
material vs. reaction time.

Reaction Time vs. Combined Glycerol in
the Product

The course of reaction in a typical preparation of
mono- and diglycerides is illustrated in Figure 1. In
this experiment the fat was reacted at 200° C. with
16.63% of its own weight of glycerol and 0.1% sodium
hydroxide as a catalyst. The results are expressed in
terms of combined glycerol in the product. It is evi-
dent that under these conditions substantial equilib-
rium is attained in the reaction mixture after about
3.5 hours and shortly after the mixture becomes
homogeneous.

Miscibility of Glycerol with the Reaction Product

It has been pointed out by. Hilditch and Rigg (9,
10) that the comparative immiseibility of glycerides
and glycerol imposes a limitation upon the extent to
which reaction between fat and glycerol can be car-
ried. Reaction takes place within the fatty phase, and

TABLE 1

Preparation of Mono- and Diglycerides by Reaction of Hydrogenated Cottonseed Oil With Glycerol:
Operational and Analytical Data.

Run No 14 19 13 18 12 17 16 20 302
TemD., “Churvrrrrrrcaisinrnieccinssesisnanecrienimsssnneereresnes 200 200 200 200 200 2300 200 2300 200
Time, hrs.: min 5:00 5:00 5:00 5:00 5:00 5:00 5:00 5:00 5:00
Glycerol, % on basis fat....ccccovrrirrrsineriirisnscsiennens 1.17 2.62 4.50 7.00 10.49 10.49 15.73 24.47 41.95
OH groups esterified, % ©.... . 89.2 80.2 70.2 60.2 50.6 51.0 40.5 30.7 22.9
Monoglye. in fatty portion, %..... 1.27 4.86 10.75 18.12 28.20 26.99 38.50 49.10 61.9
Comb. glycerol in fatty portion, %.... 11.52 12.57 13.96 15.36 16.91 16.81 18.44 20.08 21.74
Total glycerol in whole material, %%......coovevcnennnd 11.64 12.78 14.33 16.33 18.85 18.71 22.47 2766 | ...
Composition of fatty portion, % by wt.: )
Monoglycerides 1.3 4.9 10.8 18.1 28.2 27.0 38.5 49.1 61.9
Diglycerides 18.4 29.2 39.9 45.5 45.3 47.3 43.7 43.5 36.1
Triglycerides 80.3 65.9 49.3 36.4 26.5 25.7 17.8 7.4 2.0
Composition of whole reaction mix., mole %:
Free glycerol. 1.2 1.9 3.0 7.0 12.4 12.3 22.0 34.3 46.0
Monoglycerides. 2.8 9.9 19.5 28.6 38.1 36.7 42.4 41.9 40.1
‘Diglycerides 23.4 34.2 41.1 41.3 35.0 36.8 27.6 21.2 13.4
Triglycerides 72.6 54.0 36.4 23.1 14.5 14.2 8.0 2.6 0.5
a Reacted in cresol to make reaction mixture homogeneous; slight decomposition probably occurred during removal of cresol (see text). Reaction

mixture could not be analyzed for total glycerol content; percent OH groups esterified and composition of whole reaction mixture were calculated on
assumption that the free glycerol content corresponded to the principle of random distribution.

b Probably some polymerization occurred at this temperature (see text), making reported percentages of mono- and triglycerides shghﬂy low, and

of diglycerides slightly high.

¢ Calculated from analysis of final product; a small amount of glycerol always disappeared during the reactiom.
4 Corrected for soap formed by NaOH used as catalyst; calculated on basis of soap-free fat.
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any excess glycerol forming a second phase of course
does not participate in the reaction.

A series of experiments was carried out to deter-
mine the maximum amount of glycerol which is mis-
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Composition of the Reaction Products

Complete operational and analytical data on a series
of reactions carried out with different proportions of
reactants are given in Table 1. In all of these, condi-
tions were chosen which would produce a condition of
equilibrium within the time allowed for reaction, and
which would yield a homogeneous reaction product,
free from undissolved glycerol. Certain runs carried
out at a higher temperature (250° C.) which yielded
an abnormal, probably partially polymerized product,
are excluded from the tabulation. These runs and
their products will be discussed in a later paragraph.

As explained above, it was considered desirable to
compare the actual composition of the various prod-
uets with their theoretical composition caleulated upon
the basis of random distribution of fatty acid radicals
to the esterifiable OH groups of the glycerol present.
This ealculation is easily carried out upon the assump-
tion that all OH groups are esterifiable with equal
readiness, in which case the molar percentages of free
glycerol, monoglycerides, diglycerides, and triglycer-
ides will conform to the random pattern of two ele-
ments (in this case, free OH groups and esterified OH
groups) taken in combinations of three, as indicated
in detail in Table 2.

TABLE 2

Random Distribution of Two Elements, 4 and B, in Different
Proportions, in Combinations of Three

cible in a reaction carrl'ed to equilibrium at different Percent of each Percent of each combination
temperatures. Results, in terms of percent anhydrous
glycerol on the basis of the fat, are shown graphi- A B AAA AAB ABB BEB
cally in Fig. 2. Within the range covered (175-250°C.) 100 0 100.0 v
. A A 95 5 85.7375 13.5875 0.7125 0.0125
there appears to be a linear relationship between the 90 10 72.9 43 2.7 0.1
temperature and the logarithm of the amount of glyc- 85 15 giélzs 2322125 3:(75375 8?3375
erol misecible. It is to be noted that here the percent- 18 25 42.1875 42.1875 14.0625 1.5625
ages of glycerol refer to the glycerol added to the 65 35 27.4025 44.3625 23.8875 4.2875
3 Yort 40 21.8 43.2 28.8 6.4
f@t, and_ are exclusive of the glycerql orlglpally com- e 4 16,6375 A 2ans FE I odies
bined with the fat in the form of triglycerides. 80 50 128 375 aTs | 18
In order to bring into reaction with the fat larger 10 60 6.4 288 132 216
proportions of glycerol than those indicated at the as g 32875 23.8875 32?625 27.8625
different temperatures, it is necessary to employ a 25 I8 1.5625 14.0625 42.1875 42.1875
N J . . .8 9.6 4
high-boiling solvent in which fat and glycerol are 15 a5 0.3375 57375 B a125 o 3125
0 90 0.1 2.7 24.3 72.
I(rbutl%a)lly soluble, as proposed by Hilditch and ngg p o o125 2 o5 L a5
0 100 o 0 0 100.00
TABLE 3
Theoretical Composition of Products Prepared by the Reaction of Fat With Glycerol. Calculated on the Basis
of Random Distribution in a Homogeneous Reaction Mixture. Average
Molecular Weight of the Fat, 876.2.
Percent Parts glycerol Composition of fatty product?®
of total reacted with :
OH groups 100 parts Percent by moles Percent by weight Glycerol
esterified fat Mono- Di- Tri- Mono Di- Tri content, %
100 0 0 0 100.0 0 0 100.0 10.51
95 0.55 0.7 13.5 85.8 0.3 9.9 89.8 11.00
90 1.17 2.7 24.3 73.0 1.2 18.7 80.1 11.58
85 1.86 5.8 32.6 61.6 2.7 26.4 70.9 12.10
80 2.63 9.7 38.7 51.6 47 329 62.4 12.71
75 3.50 143 429 428 73 38.2 54.5 13.35
70 4.50 19.4 45.3 35.3 10.5 4275 47.0 14.03
65 5.66 25.0 46.3 28.7 14.1 45.6 40.3 14.74
60 7.01 30.8 46.1 231 18.3 17,7 340 15.48
55 8.60 36.8 44.9 18.3 22.9 48.8 28.3 16.25
50 10.51 429 42.8 14.3 28.0 48.8 23.2 17.06
45 12.85 49.0 401 10.9 33.6 478 18.6 17.87
40 15.77 55.1 36.7 8.2 39.6 459 14.5 18.71
35 19.52 61.2 32.9 5.9 46.0 43.0 11.0 19.57
30 24.52 67.1 28.8 4.1 52.7 39.3 8.0 20.45
25 31.53 730 24.3 2.7 59.8 34.7 5.5 21.35
20 42.04 78.7 19.7 1.6 67.3 292 3.5 22.27
15 59.56 842 149 0.9 75.1 23.0 19 23.22
10 94.59 89.6 10.0 0.4 83.0 16.1 0.9 24.16
5 199.69 249 5.0 01 91.4 8.4 0.2 25.09
0 a 100.0 0 0 100.0 0 0 26.05

a2 Composition of reaction product freed of uncombined glycerol.
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Fi¢. 3. Glyceride-glycerol distribution curves for homogene-
ous solutions of glyeerol and glycerides at equilibrium. The
curves represent theoretical values while the circles and dots
represent values found experimentally.
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In Figure 3 a comparison of the actual compositions
with theoretical compositions is made graphically. It
will be seen that the correspondence between the two
is remarkably close, especially with respeet to per-
centages of monoglycerides and free glycerol. It is
possibly significant that the latter two components are
the ones which are determined by direet methods of
analysis.

The percentages of di- and triglycerides, which are
calculated by indirect means, show some divergence

from the theoretical curves. It seems possible that

this divergence may be a result of the limitations
of the methods of estimation, rather than an indica-
tion of variance from a condition of true random
distribution. »

Since it appears that the composition of the reac-
tion products may be calcnlated with a considerable
degree of accuracy, Table 3 has been compiled as an
aid to such calculation.

-—While based upon-the use-of a-fat with the average -

molecular weight of hydrogenated cottonseed oil, it
is applicable also with little error to other common
oils and fats containing C,, and C,, fatty acids. It
may be explained that in this table and in Figure 3
the quantity ‘‘percent OH groups esterified’’ is nu-
merically equal to: (moles fatty acids/moles glyeerol)
(100/8). According to this terminology, in mono-
glycerides 3314 % of the OH groups are esterified; in
diglycerides 6624 % are esterified, ete.

Composition of Products Reacted at High
Temperatures

In order to attain complete miscibility in reaction
mixtures containing high proportions of glycerol (cor-
responding to 20-30% hydroxyl groups esterified), it
was necessary to operate at a temperature of about
250° C. Products obtained at this temperature were
abnormal in composition as is evident from the data
listed in Table 4. Whereas the principle of random
distribution would predict a monoglyceride content in
the fatty portion of about 66% (with 20-21% OH
groups esterified), analysis actually indicated but
57-59%. In some cases calculation of the percent
triglycerides yielded negative values, i.e., after the
proper amount of total combined glycerol was appor-
tioned to the monoglycerides, there remained more
glycerol than could be accounted for on the assump-
tion that the remainder of the product consisted
entirely of diglycerides.

Such a condition indicates the presence of some
compound or compounds which contain a high per-
centage of glyeerol, but which do not show by analysis
as monoglycerides. These could be either @-mono-
glycerides (which do not react with periodic acid)
or some polymerization product, as for example, a
di-acid diglycerol of the following structure:

—(l3—OOC.R

¢-om

o
HOC

I
R.COO—(IJ—

TABLE 4
Products Prepared by Reaction of Fat and Glycerol at 250° C.: Operational and Analytical Data.

) . Calculated composition of fatty
. % OH esterified Total Total Mono- portion, % by weight
Reaction | Glycerol, glye. in glyc. in glycerides Hydroxyl
Run No. time, % on fat | On basis On basis rea,(citiog fatty in ftatty . ‘;11&;:
hrs.: min. basis glye. glye. in product, portion, portion, . . b
prosont final A %. % Mono- Di. Tri- portion
originally | produet
4:00 31.46 25 26.1 31.05 21.08 53.20 53.2 48.2 —14 212.7
4:00 41.95 20 20.4 36.49 21.95 57.53 57.5 46.6 —4.1 224.8
1:00 41.95 20 20.7 36.45 21.41 57.80 57.8 42.5 —03 | .
0:20 41.95 20 | e | e | e 59830 1 e b e b e ] e
5:002 41.95 20 I ... T T, 58.90 | e 1 e e | e

2 Rescted at 250° O. for 1 hr., phenol added to make the material homogeneous. at a lower temperature, and reaction continued

additional at 180° C

b Corrected for s'oap formed by NaOH used as catalyst; calculated on basis of soap free product.

for .5 hours
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Fi1¢. 4. Composition of glyceride mixtures partially decom-
posed by steam deodorization (plotted points and solid eurves)
in comparison with compositions obtainable by reaction with
limited amounts of glycerol (broken curves, corresponding to
random distribution). Circles represent produets deodorized at
160° C. without removal of the ecatalyst; triangles represent
produets deodorized at 200° C. with catalyst removed. (Posi-
tions of the points along the abscissa correspond to those of
glycerol-glyceride solutions at equilibrium which contain the
same amount of combined glycerol.)

A number of items of evidence point to the latter
possibility as being the more probable. In the first
place, B-monoglycerides are known to be very un-
stable in an alkaline environment at elevated tem-
peratures, readily rearranging to a-monoglycerides.
Hence their appearance in any appreciable concen-
tration would appear unlikely. On the other hand,
exposure to a high temperature in the presence of
alkalies is known to favor the polymerization of
glycerol. In the second place, the effect leading to
low analyses for monoglycerides appears to be to
some extent a function of the reaction time, and
also to be irreversible (see Table 4). An experiment
in which the material was reacted first at 250° C. and
thereafter at 180° C. in phenol (Run 29) demon-
strates that the observed effect is not simply the
result of allowing equilibrium to occur at a higher
temperature. Finally, the assumption that polymeri-
zation occurs is more consistent with the hydroxyl
values found for the reaction products. The theo-
retical hydroxyl value of «- or S-monoglycerides of
the fats is 317.4, and of the diglycerides is 91.2. That
of the diglycerol ester illustrated above is 162.9.

Product 22, for example, had a hydroxyl value of
224.8. If random distribution is assumed, this prod-
uct must have contained 3.6% triglycerides, 29.8%
diglycerides, 57.5% a-monoglycerides, and 9.1% of
some unknown product comparable to monoglycerides
with respect to OH groups esterified, but not showing
as monoglycerides by analysis. If the latter material
is assumed to be the polymerization product whose
structure is shown above, the calculated hydroxyl
value of the reaction product is 224.5. On the other
hand, the assumption of 9.1% B-monoglycerides pres-
ent leads to a calculated hydroxyl value of 238.6.

It is to be noted that if there is any deviation from
random distribution at high temperatures, it occurs

only in the fatty portion of the reaction mixture; the
percentage of free glycerol is in all cases very close to
that demanded by theory (Figure 3). However, the
method of analysis for glycerol would not distinguish
a minor degree of polymerization in the free glycerol
fraction.

It is believed that polymerization occurred to a
slight extent at 230° C. (ef. Table 1), but that it was
negligible at 200° C.

Composition of Steam Deodorized Products

It has long been recognized that mono- and diglyc-
erides readily decompose with the loss of combined
glycerol under conditions of commercial steam deodor-
ization. Decomposition is greatly accelerated in the
presence of catalysts effective in mono- and diglyceride
formation (2). A series of experiments was carried
out to determine whether reaction of the fat with a
high proportion of glyeerol and subsequent deodori-
zation would produce glyceride mixtures different
from those obtainable by direct interesterification
with lesser proportions of glycerol.

The produets prepared for deodorization were re-
acted with sufficient glycerol originally present to
cause 20% of the OH groups to become esterified. In
one case the reaction was carried out in m-cresol at
200° C.; in the other it was carried out without the
assistance of a solvent at 250° C. Deodorization was
performed at different temperatures, with and with-
out removal of the catalyst. The results are shown
graphically in Figures 4 and 5.

As explained above, it is probable that some poly-
merization occurred in the reaction at 250° C., data
for which are presented in Figure 5. The values for
di- and triglycerides in this figure are therefore to be
regarded as apparent rather than true values, and
are presented merely for comparison. In instances in
this series where the total combined glycerol content
was great enough to produce negative calculated val-
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Fie. 5. Apparent composition of glyceride mixtures partially
decomposed by steam deodorization. Circles represent produects
deodorized at 170° C. with catalyst removed; triangles repre-
sent products deodorized at 160° C. without removal of ecata-
lyst; squares represent products deodorized at 200° C. with
catalyst removed. (Positions of the points along the abscissa
correspond to those of glycerol-glyceride solutions at equilib-
rium which contain the same amount of combined glycerol.)
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ues for triglycerides, the diglyceride content was
taken. as the difference between the monoglyceride
content and 100 percent.

It may be seen that the composition of this deodor-
ized product departs considerably from the random
distribution pattern, in the direction of relatively
high proportions of diglycerides, and that it is inde-
pendent of deodorization temperature or the presence
or absence of the catalyst.

The monoglyceride contents of some of the deodor-
ized products, as a function of the deodorization time,
are represented in Figure 6. The curves in this figure
are probably not to be regarded as strictly reproduc-
ible, as the vacua and rates of steaming, while ap-
proximately constant throughout the different series
of experiments, were not rigorously controlled. How-
ever, they serve to give some indication of the relative
rates of monoglyceride decomposition under different
conditions.

Summary

1. An investigation has been made of the compo-
sition of mixtures of mono-, di-, and triglycerides
formed by the reaction of hydrogenated cottonseed
oil with glycerol in the presence of an alkaline
catalyst. )

2. At temperatures below about 200° C., at equilib-
rium, and within the range of glycerol concentration
in which the reaction product becomes homogeneous,
the proportions of free glyeerol, mono-, di-, and tri-
glycerides conform closely to a pattern of random
distribution with respect to glycerol OH groups
esterified. Tables are presented for the calculation
of compositions on the basis of random distribution.

3. Products produced at temperatures above about
200° C. contain minor proportions of some compound
or compounds which are high in glycerol content, but
are not a-monoglycerides. There is evidence that these
are probably polymerization products, as for example,
di-acid diglycerols.

4. An investigation has been made of the composi-
tion of reaction products whose combined glycerol
content has been reduced by high-temperature steam
distillation under a vacuum (deodorization). The
composition of such products does not conform to the
random distribution pattern, but shows marked-devi-
ations in the direction of increased percentages of
diglycerides and decreased percentages of mono- and
triglycerides. The composition of deodorized products
is independent of the temperature of deodorization or
of the presence or absence of the alkaline catalyst.
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Fie. 6. Monoglyceride contents of some deodorized products
as a function of deodorization time. Curve 1 represents a de-
odorization at 200° C. after removal of the catalyst, curve 2 is
a deodorization at 160° C. with the catalyst present, and eurve
3 represents a deodorization at 170° C. after removal of the
catalyst.

5. Determinations have been made of the maximum
amounts of glycerol miscible in reaction mixtures car-
ried to equilibrium at different temperatures.

'

REFERENCES
1. American Oil Chemists’ Society, Oficial and Tentativre Methods,
Revised 1943.

2. Bailey, A. E., Industrial Oil and Fat Products. Interscience Pub-
lishers, New York, 1945, pp. 680-85,

3. Bailey, A. E,, and Feuge, R. 0., Ind. Eng. Chem. Anal. Ed. 15,
280-81 (1943).

4. Christensen, C. W. . (to Armour & Co.), U. 8. Pat. 2,022,493
(1935).

5. Eckey, BE. W,, and Clark, C. C. (to Procter & Gamble Co.), U. S.
Pat. 2,065,520 (1936).

6. Edeler, A, and Richardson, A. 8. (to Procter & Gamble Co.),
Can. Pats. 340,803-05 (1934).

7. Feuge, R. 0., Kraemer, E, A, and Bailey, A. E., 0il & Soap, 22,
202-07 (1945).

8. Griin, A, in Chemie und Technologie der Fette und Fettprodukte,
edited by H. Schonfeld, Springer, Vienna, 1936, Vol. I, pp. 276-78.
9. Hilditch, T. P., and Rigg, J. G, J. Chem. Soc. 1935, 1774-78.

10, Hilditeh, T. P., and Rigg, J. G. (to Imperial Chemical Indus-
tries), U. 8. Pat. 2,073,797 (1937).

(ul)ib)Kawai, 8., J. Soc. Chem. Ind. Japan, Suppl. bind. 43, 220-21B

12, Kawai, S, and Yamamoto, 8., J. Soc. Chem. Ind. Japan, Suppl.
bind., 43, 219-20B (1940).

13. Pohle, W. D., Mehlenbacher, V. O, and Cook, J. H., Oil & Soap
22, 115-19 (1945).

14. Smith, L. B., and Matthews, H., Oil & Soap 17, 58-67 (1940).

15. Tsuchiya, T., and Akiyama, G., J. Soc. Chem. Ind. Japan, Suppl.
bind. 36, 233-34B (1933).



