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Abstract

A survey of commercially available hydrogen-
ation catalysts has been made in a search for
high-selectivity and low-isomerizing characteris-
ties. Selectivity—the ratio of hydrogenation rates
for linolenate to linoleate—was determined on a
linoleate-linolenate equimixture under standard-
ized conditions. Ratios of reaction rate constants
for nickel catalysts at 140C ranged between 1.48
and 2.71; for palladium catalysts at 25C, 1.68 to
1.99; and for platinum ecatalysts at 25C, 1.33 to
1.61. Trans contents of ester mixtures reduced
with these three metal catalysts ranged from 18.0
to 22.8, 16.7 to 20.5, and 6.3 to 8.4%, respec-
tively. Although platinum catalysts produced
the lowest isomerization, their selectivities were
also low.

VIDENCE exists that an improved, stabilized salad
E oil could be made from soybean oil by the elimina-
tion of linolenic aeid containing glycerides (8). One
approach is the eonversion of linolenate to ‘‘linoleate’’
by selective hydrogenation. In this paper, selectivity
means the preferential reduction of double bonds in
linolenate compared with those in linoleate. For the
hydrogenated oil to remain liquid at refrigerator tem-
perature, hydrogenation must proceed with minimal
formation of trans geometric isomers (2).

A survey was instigated to learn the range of se-
lectivity and isomerization inherent in commercially
available hydrogenation catalysts. Such a survey is
necessary before undertaking research on catalysts’
preparation and on the variables of time, tempera-
ture, pressure, and dispersion.

Experimental

Hydrogenation was performed in glass manometrie
equipment consisting of a 125-ml flask with a 24/40
¥ joint attached through a capillary tube to a 50-ml
gas burette and mercury leveling bulb. The flask,
equipped with a side arm closed with a rubber serum
cap, was immersed in a thermostatically controlled sili-
cone oil bath. A magnetic stirrer supplied agitation.

Trilinolenin (7), trilinolein (10), methyl linoleate
(12), and methyl linolenate (12) were prepared by
countercurrent distribution.

In Table I are listed the commercially available
platinum, palladium, and nickel catalysts used in this
study. As indicated, catalysts differed not only in the
metal, but also in the percentage of the metal and the
type of carrier. Greatest variation in metal eontent
was for the nickel catalysts, which ranged from 23 to
65%. Percentage of catalysts present (based on metal
weight) varied according to metal; generally, 0.15%
nickel; 0.05% palladium, and 0.4% platinum were
used. Platinum and palladium catalysts were held at
room temperature during hydrogenation; the nickel
catalysts were used at 140C.

To begin the hydrogenation, the catalyst and a

1 Presented at Spring meeting, American Oil Chemists’ Society, 1964,
2 A laboratory of the Northern Utilization Research and Development
Division, Agricultural Research Service, U.S.D.A.
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magnetic stirrer bar were placed in the flask, and the
flask was attached to the manometer. Hydrogen at
atmospheric pressure was used to flush and fill the
equipment and also to saturate the catalyst. After
the starting volume of hydrogen was read on the gas
burette, an exact weight of the methyl ester sample
(1 g) was introduced into the flask through the serum
cap by means of a tared syringe and needle, and the
stirrer was activated. Hydrogenation was continued
until 0.5 mole of hydrogen per mole ester was ab-
sorbed (38.2 mI STP).

The derivation of equations for determining the
ratio of hydrogenation rate constants for linolenate
(Le) and linoleate (lio) or the selectivity coefficient

(I( — kLe

Lo
elsewhere (6). This method requires reducing an equal
mixture of methyl linolenate and linoleate with 0.5
mole of hydrogen per mole ester, determining compo-
sition by gas chromatography, and calculating there-
from the ratio of reaction rates for the two esters.
The volumes of hydrogen absorbed were measured to
give, within the reading error of the gas burette, an
iodine value of 172.4. Equivalent iodine values calcu-
lated from the chromatography data (Table IV) were
1744 + 4.0,

The percentage isomerization of ¢is to trans bonds
was determined by infrared spectrophotometry with
a Baird Atomic KM-1 instrument. Samples for infra-
red analysis were dissolved in ecarbon disulfide (2.5%

) from kinetic considerations is detailed

TABLE 1
Catalyst Description and Isomerization Characteristics

| ! Isomerization

Description

Mean Statistical
Trans l Trans | significance?
I | |
i Yo o
1 Platinum oxide ‘ 6.6 6.45
‘] 6.3 (
2 5% Platinum on carhon ‘ 7.5 7.85 ‘ |
8.2 |
1 1
|
3 5% Platinum on alumina ‘ 8.4 8.35 ’ J l
8.3
l
4 5% Palladium on carbon io18.2 17.80
powder 17.4
5 47% XNickel on carbon 18.0 18.05
18.1 .
6 23% Nickel in cottonseed 18.2 18.30 ,
flakes 18.4
7 5% Palladium on alumina 20.5 18.60
16.7 j
8 59% Nickel on kieselguhr 19.1 18.90
18.7
9 25% Nickel in hardened oil 20.5 20.00
19.5
10 | 65% Nickel on carbon 20.0 20.55 .
21.1
11 25% Nickel (electrolytic) 21.7 20.70
in cottonseed flakes 19.7 \
12 409 Nickel on carbon 22.1 20.90
19.7
18 ' 307 Nickel in hardened oil | 22.8 | 21.85
20.9

a No significant difference exists between the mean values bracketed
by lines.
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F1a. 1. Gas chromatogram of esters hydrogenated, (A) is the
differential curve and (B) the integral curve.

w/v). Methyl elaidate was nsed as the standard for
caleulating the percentage isolated trans from the L.R.
absorption at 10.36 u.

Gas-liguid chromatographic analyses were obtained
on a 4-ft by Y4-ineh glass column packed with 10%
polyvinyl acetate on Chromosorb and operated at
165C. Argon gas (flow, 33 ml/min) and a radium D
ionization detector were also employed. A typical
gas chromatographic curve of the hydrogenated mix-
ture is shown in Figure 1 (Curve A), together with
the electronically integrated eurve (Curve B). The

. . . k
selectivity coefficient K = —=
Lo
chromatographic data by reading the percentage com-
position of the hydrogenated sample from the inte-
grated curve (Curve B, Figure 1):

was obtained from gas

Ve
Stearate (S) . 1.0
““Oleate (O vviirniivcreeeeeenn, 20.9
“Tinoleate’” (Li0) cvvvvvvivvcreeirennen, 55.8
‘ Tianolenate (Lie).vvveiiiicivininnnnns 22.3
Then
(77
Ax = /oLe+7;OI+ %S _ 22.3+2;).9+1.0 991

By referring to the graph of K versus A (6) one
obtains a value for K = 2.05,

Results and Discussion

In hydrogenation studies, methyl esters have a dis-
tinet advantage over triglyeeryl esters because gas-
liguid chromatographic data can be obtained without
further treatment of the methyl esters other than
filtering out the catalyst. However, it is first neces-
sary to identify reaction ratios and products for both
during their hydrogenation {Table I1). Analysis of
variance (13) of the data of Tables T and IV, given
in Table ITI, and application of Duncan’s multiple

Vor. 39

TABLE II1I
Analysis of Variance for Nickel, Palladium, and Platinum
Catalysis Used to H3drovenate Equimixture of Methyl
Linolenate and Methyl Linoleate

Sum of

Degrees| Mean . B
Source squares | freedom | squares I F I Fas I For
T - —i | i
Percentage | I 1 f
Trans 1 ! i !
Total i : i . i l
variability ; 720.9601 25 FH [ e | SN
Between ; ; !
replicates 4.2809 . 1 4,2809 | 45195] 4,75 | 9.33
Between : j ] |
catalysts 705.3223 | 12 58.7769 ;6?.‘0533 | 2.69 4.16
Within : ]
catalysts )
orerror | 11.366 | 12 0.9472 ) ... | T RO
Selectivity (K) j
Total !
variability 3.0223 25 ] . [ T
Between
replicates 1316 1 1316 | 8.8322| 4.75 9.33
Between
catalysts 2.7124 12 2260 [15.1678 2.69 4.16
Within
catalysts
or error 1783 12 0149 b e L

» I designates the variance ratio.

range test (5) indicate that a difference in means
of K between the methyl esters and the triglyceride
must be greater than (.3, and that a difference in
means of percentage of trams must be greater than
2.4% to be significant at the 5% level. If one caleu-
lates the I.V.’s from chromatographic data and allows
for the slightly lower hydrogen absorption of the
methyl ester runs, mean K values and the mean per-
centage of trans values do not differ significantly
between methyl linolenate and trilinolenin. Further,
a detailed analysis of isomers from methyl linolenate
and trilinolenin gave similar compositions on exten-
sive countercurrent distribution and ecapillary gas
chromatographic separation (11). Consequently, the
determinations of K and percentage frans were car-
ried out with confidence on a mixture of 50% methyl
linoleate and 509% methyl linolenate. The triglycer-
ides take 4 to D times as long to hydrogenate as the
comparable methyl esters, as expected from the other
observations dealing with the influence of viscosity
on hydrogenation rate (1,4).

Tables I and IV contain the analytical data and
the calculated results therefrom for the catalysts de-
seribed in Table I. Nickel has a mean value of K
= 2.0; palladium, 1.8; and platinum, 1.5. The nickel
catalyst values for K ranged from 1.5 to 2.7; pal-
ladium, from 1.7 to 2.0; and platinum, from 1.3 to 1.6.

Anomalies in data exist. While palladium is much
more active (hydrogenates at 25C) than nickel (hy-
drogenates at 140C), their selectivity is about the
same (1.8 and 2.0, respectively). Platinum (1.5) at
room temperature does not show the selectivity of
either nickel or palladium.

The effect of the temperature perameter upon lrans
formation has been intensively studied for nickel cat-
alyst No. 11. As will be described in a subsequent
publication, temperature has been found to be a con-
trolling factor in determining frans content but has
little effect on selectivity ratio. Since hydrogenations

TABLE II

Hydrogenation of the Linoleate-Linolenate Mixture
(5% Palladium-on-Alumina Catalyst)

1
Ester type Temperature Time 1 Lea Lo
°C min. 71 A %
Methyl esters 24 17 ! 20.1 60.7
25 i 17 23.2 58.6 j
Triglycerides 25 1 76 i 15.2 l 61.1
25 83 16.1 60.7

|

KkLe Mean ) Mean
1 s I kLo K Trans Trans

1

% | % % ] %

19.2 0 28 | .. IS U BT S
18.2 0 2.5 265 | 18T 1895

|
23.2 | 04 | 28 | o253 1 .
22.2 09 i 28 L 238 i 237 1 243

4 Lie = Linolenate, Lo = Linocleate, 0l == Oleate, S — Stearate.
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with Pt and Pd catalysts were necessarily conducted
at lower temperatures than with nickel, the lower
trans contents observed for Pt catalysts may be due
in part to the lower temperature of reaction.

Figure 2 shows a plot of K (selectivity) against
isolated trans. A nearly random dispersion of the
data is apparent when one compares the variety of
catalysts under standardized conditions. The corre-
lation coefficient for all data is 0.284; for nickel cat-
alyst at 140C only, the coefficient is 0.304; neither
coefficient is significant at the 5% level. In these
experiments selectivity and isomerization are not sig-
nificantly related.

Statistical evaluation of the amount of isomeri-
zation, measured as percentage frans, shows that
variation due to catalysts is highly significant. The
graphical representation of the application of Dun-
can’s multiple range test to evaluation of these data
is shown in Table 1. No significant difference exists
between the uppermost figure bracketed and the
bracketed figures lower in the table. Significant dif-
ferences do exist between the uppermost figure brack-
eted and unbracketed figures below it in the table.
Thus catalyst No. 2 is not significantly different from
catalyst No. 3 but is significantly different from all
catalysts below in table, i.e., Nos. 4 through 13; No. 3
shows significantly different results from all catalysts
below in table, i.e., Nos. 4 through 13. Differences in
percentage of trams required for significance at the
5% level range from 2.120 to 2.381 units. Analysis
shows therefore that percentage of trans for the three
platinum catalysts is significantly lower than for
either the two palladium or the eight nickel catalysts.
Because the palladium catalysts distribute into the
range of the nickel catalysts, they show no significant
difference from the nickel.

Similarly, statistical evaluation of the selectivity
data shows that variation due to catalysts is highly
significant (Table IV). Differences in K required for
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Fia. 2. A plot of selectivity ratio, K, to the percentage iso-
lated trans in methyl esters for various hydrogenation catalysts,

significance at the 5% level range from 0.266 to 0.299
units, Again, analysis shows that the K for three
platinum catalysts are significantly lower than for
either the two palladium or 7 of the 8 nickel catalysts.

Zajew (14), studying the hydrogenation of linoleie
containing oils, noted the same order of selectivity
for platinum and palladium. Feuge (9) considered
platinum and palladium to be relatively unselective,
while present data places palladium in the same range
with the nickel catalysts. Nickel catalysts have a
range 1n selectivity nearly as wide as that of all the
catalysts together. Bailey ¢f al. (3) found also that
the method of preparation for nickel catalysts could
influence selectivity and degree of isomerization of the
hydrogenated product. By comparing the order of
listing of catalysts in Tables I and IV, one may dis-
cern a roughly parallel sequence.

The tremendous complexity of the catalytic hydro-
genation reaction is indicated by these data. This
very complexity also provides the hope that specific
conditions of catalyst preparation may be found to
accentuate selectivity and minimize ¢trans formations.

TABLE 1V
Selectivity Characteristics of Caltalysts
(0.5 Mole Hydrogen Absorbed per Mole of Ester)

‘ | A
Catalyst Temper- |y o Lea Le ol g g ke “ Statistical
atalys ature : o | : E PR ST R e significance

J | kLo
4 min, 6% % Ye %
25 20 30.9 478 | 150 1 6.3 1.33 | 1.365
25 25 29.0 90 | 160 | 6.0 1.40 1
25 36 28.0 488 | 176 5.6 | 139 1.45 ; (
28 34 25.7 50.6 18.2 5.5 1.51 o

.

140 48 25.8 50.9 21.2 2.1 1.53 1.505 | ‘ |
140 75 26.2 50.2 215 211 1.48 b
24 23 | 303 406 | 165 |36 144 | 1525 P
25 25 I 262 50.3 1 182 | 5.3 1.61
26 36 27.0 535 | 178 1.7 1 118 | 1.825
26 10 26.8 54.4 18.0 08 | 187
25 17 26.1 526 : 206 07 | 168 1.835 !
23 17 30.0 554 | 146 | 0 1.99 ‘

i | |
140 5 25.3 534 | 213 | 0 1.77 | 1.880 B
140 11 245 | 334 2011 0 1.99 th

| : }
140 6 25.1 54.4 204 1 0 | 189 | 1.970 | ':
140 14 25.0 55.9 191 | 0 o205 !
140 42 29.3 55.8 1 209 . 1.0 205 | 2.050 !
140 27 234 5.8 1 193 | 10 2.05 | |
| [
140 16 25.1 542 | 199 | 0.8 1.85 ‘ 2.070 | n
140 27 1901 56.5 22.8 1.6 2.29 | L
140 39 2.7 559 | 204 | 1O 2.06 2125 | }
140 57 2372 562 | 19.9 0.7 219 )
140 7 225 | 575 i 20.0 0 2.28 2.185 | N |
140 19 217 | 562 | 221 0 2.09 |
w140 28 20.2 56.9 ’ 21.1 1.9 2.33 2.520 }
140 33 189 | 596 198 1.7 2.71

2 Le = Linolenate, Lo = Linoleate, Ol = Oleate, S = Stearate.
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Direct Determination of 77ans Unsaturation 1n Triglycerides

by Infrared Spectrophotometry

C. SZONY], R. S. TAIT, and J. D. CRASKE, Unilever Australia Pty. Ltd., Balmain, Australia

Abstract

A differential infrared spectrophotometrie
method is described for the determination of
trans unsaturation in fats. The method utilizes
absorption at 965 em™!;, dne to the C-H out-of-
plane deformation vibrations of {rans unsaturated
compounds. The method is rapid, accurate, and
directly applicable to the determination of trans
unsaturation in triglycerides. It is applicable to
samples which contain low coneentrations of {rans
acids (down to 2%) and also to samples with
fatty acids of mixed chain length. .

HE 1.R. ABSORPTION BAND at 965 cm™' of ¢trans un-

saturated compounds has been widely used in
recent years for the quantitative determination of
trans fatty acids and their derivatives (1,2,3). O’Con-
nor (4) reported anomalous absorptivities in the case
of glycerides containing very short chains and mix-
tures of short and long chain fatty acids. He consid-
ered that determination of ¢rans unsaturated acids in
triglycerides ecould at best be only partly quantitative
until more spectra of pure triglycerides became avail-
able. Kaufmann (5) investigated, in addition, glye-
erides composed of medium and long chain saturated
acids and reported ‘‘apparent trans contents’’ for
these compounds. Similar anomalous results were re-
ported by the Spectroscopy Committee of the A.0.C.S.
(6), but at that time they still recommended that
trans determinations be made on the triglycerides
rather than risk isomerism by converting to methyl
esters.

As a result of collaborative studies (7,8) this com-
mittee developed a method for the determination of
trans unsaturation using a ‘‘baseline’’ type of back-
ground correction.

Firestone and De La Luz Villadolman (9) discuss
the problems in the analysis of triglycerides and
how they can be solved by the use of this A.0.C.S.
procedure.

The problem of obtaining a correct analytical re-
sult is at least partly caused by the strong back-
ground absorption of the triglycerides. MeDonald
(10) and Cleverley (11) published differential tech-
niques similar to the one deseribed in this paper
for the estimation of trans unsaturation in fatty
acids and esters prepared from naturally occurring
lipids. However, the analysis of triglycerides was
not discussed.

In this study, the unwanted absorption was can-
celled out by a differential technique, using in the
reference beam a solution of a fully saturated tri-
glyceride. The reference compounds should ideally
be the test sample fully hydrogenated, but in prac-
tice negligible error is introduced provided that the
chain lengths of the component fatty acids of the
reference triglyceride are reasonably similar to tho
of the sample.

The method is particularly advantageous when
working with small routine type instruments such as
Perkin-Eilmer Infracord Model 137 Spectrophotom-
eter with fixed slit width and fixed scan speed pro-
gram. With these instruments the method recom-
mended by the Spectroscopy Committee is inaccurate
because of the steeply sloping baseline.

A further advantage of the proposed method is
that it is possible to analyze samples with frans acids
content as low as 29, whereas other published meth-
ods require that the sample be converted to the
methyl ester if the ¢{rans acids content is below 15%.
Samples containing fatty acids of mixed chain length
can also be analyzed if part of the sample is fully
hydrogenated and used in the reference beam of the
spectrophotometer.

In addition to the determination of spectral data,
it is necessary to know the iodine value of the sample
to allow caleulation of the trans acids content. This
is not considered to be a limitation of the method,
since this analytical constant is almost invariably
required as part of any fat analysis program.

Experimental
Materials and Apparatus

Fully hydrogenated beef tallow stearin—saponifi-
cation value 203; I.V. 0.25. This was prepared
from beef tallow stearin by exhaustive hydro-
genation using an oil-free nickel catalyst sup-
ported by kieselguhr.

Partially hydrogenated whale oil—saponification
value 195; I.V. 57.5.

Peanut oil—saponification value 193; LV. 93.0.

Secondary standard triglycerides—itrans content
51.9% as trielaidate; 1.V. 67.3. Supplied by
R. T. O’Connor of the A.0.C.S. Spectroscopy
Committee.

Carbon disulphide—Univar.

All spectra were plotted on a Perkin-Elmer Model
137 Infracord double beam spectrophotometer. A



