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__Fig. 4. Absorbanee of I-monoglycerides and 2-monoglycer-
1(_1es at 1.430 microns as a function of concentration. Open
circles—monopalmitins; closed circles—monostearins; triangles
—monooleinrs.

A is the total absorbance; ¢; and ¢, are the molar
concentrations of 1-monoglycerides and 2-monoglycer-
ides; ky and kg are the molar absorptivities of 1-mono-
glycerides and 2-monoglyeerides; b is the path length
in em. Rearrangement and substitution yields:

(3) % monoglyceride = (ey/c¢) 100 =
(A —cks b) 100/ (k; — ko) be
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Figure 4 leads to k; = 0.39 and ko = 0.20. The path
length, b, was 5.0 em.
TABLE T

Known and Computed Composition of Mixtures of
1- and 2-Monoglycerides

Amount of

Known
‘ Total 1-monoglye-

R e . amount of
Glyeeride mixture } Cg;‘gg;%?:ég;‘ 1-monoglyc- | eride by eq.
i eride (%) 3 (%)

1- and 2-monostearin............ 1 0.1093 1 26.8 23.2
| 0.1073 47.8 48.1
i 0.1052 i 69.8 73.0

i

0.1110 16.4 18.0
0.1127 40.3 42.0
| 0.1139 57.6 57.2
: 0.1154 78.9 79.6

1- and 2-monopalmitin.........

Table 1 presents composition data caleulated by
equation (3) for mixtures of 1- and 2-monopalmitins
and 1- and 2-monostearins of known composition. The
agreement between the known composition and the
spectroscopically measured composition is seen to be
within a few per cent. This represents good agree-
ment, considering the small absorbance differences be-
tween the two classes of compounds. The computed
data are more exact than eould be expected from
measurements in the fundamental infrared region and
approach the accuracy attainable in the ultraviolet
region on samples with comparable differences in
absorbance. While the procedure is not suitable for
trace analysis, it constitutes a rapid method for rather
accurate estimation of the abundance of position iso-
mers in mixtures of 1- and 2-monoglycerides.
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The Effect of trans-Isomers on the Physical Properties of

Hydrogenated Ouls

DALE V. STINGLEY and RAYMOND J. WROBEL, Food Research Division,

Armour and Company, Chicago, Illinois

Data have been presented which indicate a positive relation-
ship between the trams-isomer content of a hydrogenated oil
and the congeal point, Wiley melting-point, and solids index.
It has also been shown that cottonseed oil and soybean oil un-
dergo substantially the same type of reaction under identical
hydrogenating conditions. This conelusion is based on the
relationship of {rams-isomer formation to total reduction in
unsaturation up to the point that equilibrium is reached and
saturation of the trans-isomers occurs. This equilibrium was
noted at between 60-70 iodine value.

The relationship of trans-isomer formation to the total re-

duction in double bonds ean be expressed as the hydrogenation
index. This is a reliable indication of the type of reaction
taking place up to the point where appreciable hydrogenation
of the trams-isomers oecur.

HE LITERATURE contains many references to the
hydrogenation reaction as applied to hydrogen-
ating vegetable oils for use in shortening and
margarine. Bailey (1) gives an excellent summary
of the background work prior to 1951, and a number
of investigators including Sims (2), Allen and Kiess
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TABLE I
Hydrogenation of Cottonseed Oil. . .
Bffect of trans-Isomers on Congeal and Wiley Melting-Point
| -
Pressure 90 L.V. 80 LV. : 70 I.V. 60 1.V,
and | B o N ] o : : o o P o °C
N % C. C. Y C. | C. oA i C. °C. G . C.
temperature trans : Cong. WMP trans Cong. WMP trans | Cong. WMP trans Cong. WMP
N — | ‘ —

10 p.s.i. ! : : . _ _
260°F. 7.6 | 21.5 34.8 125 26.0 39.0 16.8 i 31.0 42.5 20.5 36A3 45.6
340°F. 10.4 20.0 31.7 17.8 24.0 35.0 24.0 ! 29.0 38.2 29.5 34.5 41.9
485°F. 12.8 Soft 31.0 21.8 23.0 ! 34.0 29.0 27.0 37.0 34.5 32.0 39.5

40 p.sd, i : B
260°F. 6.9 23.0 ! 34.8 11.3 26.5 i 38.5 15.0 | 30.5 43.8 18.7 35.0 46.5
340°F. 8.9 22.0 | 32.0 14.8 25.0 i 36.0 ! 20.1 i 28,5 39.5 25 g 32.5 41.8
485°F, 12.5 20.5 ‘\ 30.6 21.1 234 i 34.5 28.5 & 26.5 37.9 34.5 30.6 40.0

70 p.s.d. i ) H \ .
260°F. 5.0 26.0 i 38.0 3.0 31.5 H 3.5 11.0 38.0 48.(_) 14.4 43.0 51.0
340°F. 7.3 | 23.0 [ 33.0 12.0 ‘ 28.0 39.0 16.4 33.0 43.5 20.§ 40.0 47.0
485°F, 12.3 | Soft i 29.0 20.8 21.6 ! 34.0 28.5 26.0 38.0 34.5 31.5 41.0

(3,4,5,6), and Eldib and Albright (7) have materi-
ally inereased our knowledge in this field. In the
present study the authors have employed analytical
tools not available to previous investigators and, as a
result, were able to develop information on the effect
of trans-isomers on the physical properties of hydro-
genated oils, which materially aids in determining the
type and degree of hydrogenation required for a spe-
cific finished product.

Experimental Procedure and Data

Refined cottonseed oil (109.0 1.V.) and refined soy-
bean oil (133.6 I.V.) were hydrogenated at 10, 40, and
70 p.s.id. hydrogen pressure and at temperatures of
260°F'., 340°F., and 485°F.; a total of nine hydrogen-
ations were made on each oil. Hydrogen pressures
were controlled by means of an automatic reducing-
valve, and temperatures were controlled manually to
within a few degrees of the primary temperature de-
sired, usually +10°F,

The hydrogenating vessel used was a one-gallon
black iron converter equipped with a constant-speed
agitator. A reduced nickel formate catalyst was used
at a level of 0.04% nickel in all tests. The hydrogen-
ating system employed is commonly known as a “dead-
end” system sinece vacuum was used to evacuate the
hydrogen from the converter when desired.

Hydrogenated products with iodine values of ap-
proximately 90, 80, 70, and 60 were desired from each
run, and these were withdrawn, based on refractive
index values as determined with a Bausch and Lomb,
Abbe type of refractometer at 45°C.

All samples were analyzed for iodine value, congeal
point, Wiley melting-point, and dilatometric solids
index. A.0.C.S. methods were employed with the ex-
ception of congeal point, for which a method under

lected. Trans-isomer content was determined by use
of an infrared spectrophotometer with tri-elaidin as a
primary standard.

Since it was obviously not possible to hydrogenate
the samples to the exact iodine value desired, each
series of analytical data was plotted and then eross-
plotted to develop a family of curves, from which
comparative information at 90, 80, 70, and 60 iodine
value was interpolated to arrive at the conclusions
reported in this paper.

In Table I the effect of a variation in temperature
and pressure on the formation of trans-isomers dur-
ing the hydrogenation of cottonseed oil is shown, as
is also the effect of {rans-isomers on the congeal point
and Wiley melting-point.

These data are presented graphically in Figures 1
and 2.
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consideration by the Fat Analysis Committee was se- Fia. 1.
TABLE II
Hydrogenation of Soybean (_)il. . .
Effect of trans-Isomers on Congeal and Wiley Melting-Point
. 60 1.V,
Pressure 90 LV. 80 L.V, 70 L.V
and o ° o o 7 ° ° g, °C °C.
c. C. % c. C. % C. °C. % .
temperature | % Cong. WMP trans Cong WMP trans Cong. WMP trans Cong. WMP
10 p.s.i. _ .
260°F. 17.6 32.0 5.0 22.0 37.5 48.0 26.0 42, 52.0 28.0 46.0 55.0
340°F. 24.8 21.0 32.0 32.0 26.2 37.0 38.5 32.5 42 (_J %3 0 40.0 49.0
485°F. 34.5 Soft 28.0 48.0 23.5 33.0 54.0 30.0 38,5 50.0 38.0 46.5
40 p.s.i. - - -
260°F. 15.0 31.0 48.0 18.8 36.0 51.0 22.4 42.0 54.0 25.3 47.0 57.0
340°F. 22.0 22.0 36.0 28.0 28.0 39.5 34.0 34.0 44.0 36.0 42.0 50.0
485°F, 34.5 Soft 27.5 16.0 Soft 32.5 33.0 29.0 39.0 46.0 38.0 .0
70 p.s.i. . _ _
260°F. 10.6 43.0 52.0 ! 13.5 N 46.0 55.0 16.4 i 49.() 56.5 152.0 52.0 98‘0
340°F. 21.0 26.0 42.0 | 305 310 | 45.0 38.0 | 36.5 48.0 35.0 42.0 53.0
485°F. 31.5 Soft 28.0 | 44.0 i Soft . 32.5 52.0 30.0 38.0 45.0 37.0 46.0
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These figures illustrate very eclearly the effect of
trans-isomers on congeal point and Wiley melting-
point and show that, as the frgms-isomer content is
increased, a reduction in congeal point and Wiley
melting-point oceurs for a given iodine value.

In Table IT data on the hydrogenation of soybean
oil comparable to that reported in Table I for cotton-
seed oil are given.

In Table III the effect of #rans-isomer content on
the solids index of cottonseed oil is shown.

Figures 3 and 4 illustrate these data for 70 and 80
iodine value hydrogenated cottonseed oils. In a like
manner Table IV and Figures 5 and 6 show the re-
sults obtained with soybean oil,

Both cottonseed oil and soybean oil show very simi-
lar patterns in which increased frans-isomer content
at any given iodine value results in a materially lower
solids index (saturated acid content) at 33.3°C. and
40.0°C.

Discussion

In obtaining the data outlined in this report, ex-
treme care was taken to maintain conditions as
constant as possible with the exception of the single
variable under study. Reactions were carried out at
constant pressure and at varying temperatures, and
vice verse the temperature was held constant, and the
pressure was varied. Soybean oil and cottonseed oil
were investigated under identical conditions, thus pro-
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TABLE III

Hydrogenation of Cottonseed Oil.
Effect of trans-Isomer Content on Solids Index

! % Solids Index, Percentage of Solids at

trans 7y gec. | 21.1°0. | 26.7°C. | 33.3°C. | 40.0°C.
e p— e _—
a) 90 Todine i i
Value ! H
10 p.s.i. {
260°F. 7.6 9.0 5.1 4.4 2.1 Nil
340°F. 10.4 9.0 4.3 ‘ 3.3 0.8 Nil
485°F. 12.8 9.0 4.3 ‘ 2.7 | 03 Nil
40 p.s.i. | ;
260°F. 6.9 98 | 6.0 | 43 . 20 0.25
340°F. 3.9 1 98 | 44 | 29 \ 0.8 Nil
485°F. 12.5 ’ 9.8 1 44 | 24 | ez Nil
70 p.s.i. ‘ ! |
260°F. 5.0 © 10.0 8.7 | 74 5.3 1.5
340°F. | 7.3 | 100 70 | 48 21 | 035
485°F. © 123 | j00 | 46 | 24 \ o1 | Nil
; : i
b) 80 Iodine . ‘ ! : |
Value i I |
10 p.s.i. : ! |
260°F. [ 12.5 184 11.0 9.4 5,4 ‘ 0.5
340°F. | 17.8 184 95 | 1.3 2.7 Nil
483°F. 21.8 18.4 95 , 6.3 \ 1.5 Nit
| |
40 p.s.i. : :
260°F. 11.3 17.5 12.0 28 i 5.8 1.2
340°F. 14.8 17.5 95 | 7.0 | 27 Nil
485°F. | 211 17.53 9.5 | 6.2 | 1.5 Nil
70 p.s.i. | :
260°F. 8.0 18.5 15.3 | 14.0 10.8 \ 4.8
340°F. 12.0 18.5 13.0 10.2 5.8 1.5
485°F. 20.8 183 | 9.3 \ 6.2 1.5 | 0.2
H ! i H
¢) 70 Todine | ‘ ! ‘ i
Value | i |
10 p.s.i. ! i i
260°F. i 16.8 31.0 20.0 18.0 11.4 3.3
340°F. . 24.0 31.0 18.0 15.5 7.0 0.1
485°F. 29.0 | 310 18.0 13.5 5.2 Nil
40 p.s.i. :
260°F. ' 15.0 | 93.0 21.4 18.2 | 12.0 4.0
340°F. | 20.1 | 280 18.3 13.8 © 7.0 1.0
485°F. | 285 | 280 | 183 125 | 52 Nil
70 p.s.i. | ‘
260°F. | 11.0 29.0 24.5 235 | 19.0 12.0
340°F. @ 164 29.0 | 213 18.7 13.0 5.2
483°F. | 285 29.0 | 17.3 14.0 5.2 0.5
d) 60 Iodine ! . : |
Value ; |
10 p.s.i. ' i ‘ ;
260°F. | 205 440 | 330 | 305 @ 21.0 9.8
340°F. | 295 44.0 | 300 | 280 ; 15.0 2.9
485°F. 34.5 440 | 300 ! 26.0 12.5 1.4
40 p.s.i. ! H
260°F. | 18.7 3.0 | 34.0 | 304 22.0 9.6
340°F. 25.2 39.0 | 303 | 25.0 15.0 3.7
435°F. 34.5 39.0 | 303 | 23.0 .0 1.5
70 p.s.i. : l ’
260°F. | 144 & 40.0 ' 36.0 | 33.5 30.0 22.8
340°F. | 20.8 | 40.0 | 33.0 . 310 25.0 14.0
485°F. | 343 400 | 33.0 ! 265 140 | 32

viding information on the effect of hydrogenating oils
with different degrees and types of unsaturation.

Known factors which were not included in this
study were the effect of different catalysts, varying
the amounts of catalyst, and agitation. Both catalyst
and agitation are specific factors; thus any data ob-
tained would apply only to a specific catalyst and/or
speeific piece of equipment. Other investigators, no-
tably Eldib and Allbright (7), have reported in detail
on the effect of operating factors.

It has been known for many years that the physical
constants of a hydrogenated oil (congeal point, Wiley
melting-point, solids index, ete.) varies over wide lim-
its, depending upon the conditions of hydrogenation.
Recently the work of Allen and Kiess (3,4,5,6) has
provided us with what appears to be a valid explana-
tion of the various types of reactions which occur dur-
ing hydrogenation. Since this information is largely
of theoretical interest, no attempt will be made to ap-
ply it to the interpretation of the data contained in
this report. We are, though, listing below the various
reactions which are known to occur during hydro-
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genation: a) addition of hydrogen (H,) to an unsat-
urated bond to produce a saturated bond; b) geomet-
rical isomerization at the double bond, resulting in
formation of trams acids; and ¢) migration of the
double bonds, which appears to take place equally in
each direction, resulting in the formation of positional
isomers.

All three of the above reactions appear to take
place at varying rates under all conditions of hy-
drogenation although ‘‘nonselective’’ hydrogenation
(high pressure-low temperature) favors reaction (1)
whereas ‘‘selective’” hydrogenation (low pressure-high
temperature) materially accelerates reactions (2,3).

Based on the best information available, it would
appear that these three reactions are controlled by two
primary factors which we will refer to as hydrogen
demand and hydrogen availability.

Hydrogen demand, which may be defined as the
potential rate at which a fat will combine with hydro-
gen to form saturated bonds, appears to be mainly
controlled by temperature although the amount and
activity of the catalyst are known factors. However,
once the activity of any given catalyst is established,
control of the hydrogen demand by temperature va-
riation is relatively simple. A third factor in deter-
mining reaction rate may be the amount and kind of
unsaturation of the oil being hydrogenated. However
evaluation of the data obtained for cottonseed and
soybean oils seems to rule this out as a major factor.
This will be discussed later.

The second factor controlling the course of the
hydrogenation reaction appears to be hydrogen
availability. This factor, for all practical purposes,
1s controlled by pressure since for any given hydro-
genation unit the factor of mass transfer of hydrogen
from the gas to the oil phase, as determined by agi-
tation and equipment design, will stand as a constant
for the particular unit.

If, as we have concluded above, the type of reac-
tion on hydrogenation is the result of the ratio of
hydrogen availability to hydrogen demand, it should
therefore be possible within practical limits to estab-
lish a series of pressure-temperature relationships
which would result in the same type of reaction.

In order to determine this relationship, calculations
were made, based on the ratio of frans-isomer forma-
tion to the total iodine value reduction. These results
appear in Table V and will be referred to as the
hydrogen index.

VoL. 38

The following formula was employed in these cal-
culations:

% trans-Isomers X 86

X 100 = hydrogenation index
Original o1l I.V.-hydrogenated

0il 1.V,

Since the trans-isomer results are reported as per-
centage of tri-elaidin (iodine value = 86.0), it is evi-
dent that the hydrogenation index must be defined as
the percentage of double bonds isomerized to the {rans
position, per unit of double-bond reduction.

From Table V it is evident that a series of pressure-
temperature relationships exist which will result in
the same type of reaction (hydrogenation index).

It is also significant that a comparison of the hydro-
genation indices of hydrogenated cottonseed oil and
soybean oil for the same pressure-temperature rela-
tionships (Table V) indicates a close similarity in
the type of reaction which occurs. This leads to the
conelusion that the degree of unsaturation of an oil
is or at least the differences in unsaturation between
soybean oil and cottonseed oil are not a major factor

TABLE IV

Hydrogenation of Soybean Oil.
Effect of trans-Isomer Content on Solids Index

% Solids Index, Percentage of Solids at
c
trans | 190°C. | 21.1°C. | 26.7°C. | 33.3°C. | 40.0°C.
a) 90 Iodine
Value
10 p.s.i.
260°F. 17.6 15.0 11.8 10.7 6.3 5.2
340°F. 24.8 13.3 5.0 2.7 0.3 Nil
485°F. 34.5 13.2 4.5 1.7 Nil Nil
40 p.s.i.
260°F. 15.0 17.0 13.8 13.0 9.8 6.3
340°F. 22.0 15.0 7.2 5.5 2.0 0.1
485°F. 34.5 14.8 5.4 2.3 0.1 Nil
70 p.sd.
260°F. 10.6 21.8 21.3 20.5 18.5 16.8
340°F. 21.0 19.0 10.6 9.9 4.7 1.3
485°F. 31.5 15.2 5.8 3.7 0.3 Nil
b) 80 Iodine
Value
10 p.s.i.
260°F. 22.0 22.0 18.7 17.2 12.0 9.1
340°F. 32.0 22.5 11.7 7.9 2.3 0.1
485°F. 48.0 25.5 14.8 10.0 1.2 Nil
40 p.s.i.
260°F. 8.8 25.0 21.0 20.5 17.0 12.0
340°F. 28.0 24.0 14.0 12.0 5.6 1.1
485°F. 46.0 26.0 13.0 7.6 1.5 Nil
70 p.s.i.
260°F. 13.5 28.0 26.2 25.5 24.0 22.0
340°F. 30.5 27.5 19.0 17.5 9.5 3.4
485°F. 44.0 24.0 13.0 10.0 1.8 0.1
¢) 70 Iodine
Value
10 p.s.i.
260°F. 26.0 31.5 2 26.4 20.8 15.6
340°F. 38.5 35.0 24.6 20.7 11.0 3.2
485°F. 54.0 40.5 31 26.4 9.0 0.6
40 p.s.i.
260°F. 22.4 34.0 30.0 9.0 26.4 20.0
340°F. 34.0 35.0 28.4 23.0 14.6 5.7
485°F. 53.0 39.5 25.5 9.4 9.7 0.8
70 p.s.d.
260°F. 16.4 34.5 32.0 31.0 30.0 28.0
340°F. 38.0 36.0 29.4 28.0 18.0 9.3
485°F. 52.0 37.0 26.0 22.0 9.3 1.0
d) 60 Iodine
Value
10 p.s.i.
260°F. 28.0 45.0 39.0 37.0 32.0 25.0
340°F. 43.0 51.0 44.0 41.5 33.0 17.5
485°F 50.0 57.0 51.0 48.0 35.5 13.8
40 p.s.i.
260°F 25.5 45.0 39.5 38.0 36
340°F 36.0 48.0 42.0 38.0 33.0 19.5
485°F 46.0 56.0 50.0 40.5 34.0
70 p.s.i
260°F 19.0 42.0 38. 37.0 0 35.0
340°F 35.0 48.0 42.0 40.0 31.0 21.5
485°F 45 5 44.5 40.0 10.4
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TABLE V
80 { 1
1 ¥
Effect of Pressure and Temperature on Hydrogenation Index of
* J-Ivbnoo.itf:;il: 53:!‘““ o Hydrogenated Cottonseed and Soybean Oils
:0 ! Hydrogenation index
° Pres- -
10.0% surse Tt’,or;p. [ Cottonseed o0il 2 | Soybean o0il?
20 i Ty 1
s P | 90 | 80 [ 70 [ 60 | 90 | 80 | 70 | 60
2 N\ e 10 | 260 ’34.4 371 537.0 {36,3 317 | 832 | 902 | 827
340 47.3 53.0 52.8 al. . 51. . .
L \Q\; m———a.77¢ 485 | 38.0 | 64.7 } 64.0 | 60.5 | 67.9 | 76.8 | 72.9 | 58.3
g ¢ N 40 260 31.3 | 33.5 ] 33.1 32.9 29.6 30.2 30.3 29.8
- 340 40.4 ‘ 43.9 } 44.3 | 44.2 43.4 44.8 45.9 %g a1
4 - - =
b4 ' [ N\ N 485 | 56.6 | 62.7 | 62.8 | 60.5 | 67.9 | 73.6 | TL.5 7
\ 70 260 ’] 22.7 | 283.8 | 24.2 | 25.3 21.0 21.8 22.2 22.2
2 Ny 340 33.0 | 35.7 35.7 \ 36.5 41.4 48.8 51.4 40.8
N | 485 | 55.8 | 61.8 | 62.8 | 60.5 | 62.2 | 70.5 | 70.2 | 52.6
s0.0% 13.9% 290, 80, 70, and 60 iodine value.
! [
10 20 30 40 so
TRANS-[SOMERS Y, bonds, hydrogenates faster than cottonseed oil until
Fig. 5. its unsaturation is reduced to a comparable figure.
The temperature of the soybean oil, particularly at 70
o p.si., was also more difficult to control. It is the
o opinion of the investigators that the few divergent
results resulted from the poor temperature control
*° - possible at the higher temperatures with the experi-
so %\\‘ mental apparatus that was employed.
o — 21.1%¢
& 20
szd‘t
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Aliphatic Urethanes. Effect of Chain Length on

Some Physical Properties

SOL SHULMAN,> MARVIN W. FORMO, and ALFRED E. RHEINECK,?
Archer-Daniels-Midland Company, Minneapolis, Minnesota

During a study of the thixotropic behavior of certain fatty
materials a series of alkyl esters of substituted carbamic acids
was prepared, and some of the physieal properties were ex-
amined, Highly purified fatty aleohols and fatty isoeyanates
were reacted to give urethanes with from 8 to 22 carbon atoms
in both the O-alkyl and N-alkyl groups.

The melting points of the urethanes were dependent not only
on the number of earbon atoms in the molecule but also on the
symmetry of the moiety. In an homologous series the melting

3 Technical Paper No. 177, Archer-Daniels-Midland Company.

2 Present address: College of Chemical Technology, North Dakota
State University, Fargo, N.D.

3 Present address: Coatings Technology Department, North Dakota
State University, Fargo, N.D

point inereases with the number of carbon atoms. When sym-
metry is reached, there is a sharp increase in the melting point.
After this the increase is less pronounced.

The urethanes give thixotropic gels with ethyl aleohol, soy-
bean oil, solvent-thinned resins, and other similar materials at
concentrations as low as 0.5%. In general, better-defined crys-
tal structure and poorer thixotrop.c properties were observed
with an increase in symmetry.

HEMICALS which impart thixotropice character are
‘ / important in the manufacture of greases, paints,
polyester resins, adhesives, and other classes of
produets. Polyamide resins, for instance, are used
in paint vehicles (7), and bentonites modified with



