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oleate. The amount of alpha linkage is, therefore, not
more than 5-10% in the dehydro-oleate dimer ester.
In view of this fact, attack at other non-activated
methylenes is probably quite small in extent.
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Cyclic Fatty Acids from Linolenic Acid’

R. A. EISENHAUER, R. E. BEAL, and E. L. GRIFFIN, Northern Regional Research Laboratory,’

Peoria, Illinois

Abstract

Linolenic acid of 95% purity was heated with
excess alkali in ethylene glycol to produce eyclic
fatty acids. Reaction variables, which are asso-
ciated with the cyelization reaction and which
were investigated, included solvent-to-fatty-acid
ratio, catalyst concentration, and reaction tem-
perature, headspace gas (Nj or C2H,4), and head-
space gas pressure.

Yields of cyelic acids were improved by in-
creasing solvent ratio (1.5-6 wt basis), reaction
temperature (225-295C), and ecatalyst concen-
tration (10-100% excess). With nitrogen the
optimum catalyst concentration was about 100%
excess, but when ethylene was used, no increase
was obtained beyond 50% excess catalyst. Yields
of polymeric acids produced in the reaction gen-
erally decreased as eyclic acid yields increased,
except in one instance.

Higher yields of cyclic fatty acids were ob-
tained with ethylene than with nitrogen under
all comparable conditions, and inecreasing the
ethylene pressure to as high as 500 psi improved
the yield. Ethylene adds to the conjugated double
bonds and is believed to give Csy fatty acids hav-
ing a 1,4-disubstituted monoene ring in the chain.
The maximum yield of monomerie cyeclic acids
from 95% linolentc acid was 84.6%, the bal-
ance being polymeric and unreacted monomeric
acids. Monomeric aeids from this test contained
95% cyeclic acids.

Introduction

N A PREVIOUS PAPER (4) it was demonstrated that

the linolenie acid fraction of linseed oil can be con-
verted to a cyelized structure under proper reaction
conditions. ILinolenic acid of 95% purity, prepared
at this laboratory from linseed fatty acids by liquid-
liquid extraction as reported by Beal et al. (2), was
cyclized with ethylene glycol as the solvent and so-
dium hydroxide as the catalyst. These reactions were
conducted with either nitrogen or ethylene under
various pressures in the reactor headspace. Increased
yields of eyelic acids have been reported by conduet-
ing the cyclization reaction with linseed oil in the
presence of ethylene (1). Ethylene enters into the
reaction to form a eyclized Co fatty acid. In the

1 Presented at AOCS meeting, New Orleans, 1962,
2 No. Utiliz. Res. & Dev. Div.,, ARS, U.S.D.A.

present studies, undertaken to determine optlmum
conditions for producmg cyclic acids from linolenic
acid, substantially inereased yields were again ob-
tained with ethylene.

Reaction eonditions, such as solvent ratio, catalyst
concentration, temperature, reactor, headspace gas,
and gas pressure, were varied to determine their
effects on the yield of cyeclic fatty acids.

Experimental

A 2.liter Parr autoclave equipped with stirrer and
sample tube was used for all reactions. Figure 1 is
a flowsheet (of the method used) for determining
percentage of eyclic and polymeric ester yields. The
autoclave was charged with ethylene glycol, NaOH,
and linolenic acid. The headspace was evacuated a,nd
filled with either nitrogen or ethylene gas. Solvent
ratios of 6,3, and 1.5 to 1 {wt basis); temperatures
of 225,250 275 and 295C; ethylene gas pressures of
150, 300 and 500 psi (before heating) ; and excess
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Reaction
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H2504 ————> Neutralization
Water
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Methano! A
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i Polymeric Esters
Monomeric Esters

Hydrogenation
200 C, 2000 psi, 0.1% Pd
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‘Fre. 1. Flow sheet for determining percentage of ecyelic
and polymerie ester yields.
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FI'G. 2. Method of determining optimum reaction time and
maximum eyeclic acid yield.

catalyst concentrations of 10,50,80, and 1009 were
studied. Excess catalyst concentration is defined as
the amount of NaOIl in excess of that required to
saponify the fatty acids.

Samples taken during the reaction were dissolved
in a large excess of water (15-20:1 vol ratio) and
acidified with 25% sulfuric acid to recover the fatty
acids. Large quantities of water minimized ester for-
mation between ethylene glyveol and fatty acids. After
the fatty acids were extracted with hexane, the aque-
ous phase was removed in a separatory funnel. The
hexane layer was water washed twice, dried over
sodium sulfate, and filtered. Fatty acids were esteri-
fied in the hexane solution by using 0.6 ml dimethoxy-
propane, (.2 ml methanol, and 0.008 ml sulfuric acid
per g of fatty acid. Solution was allowed to stand
overnight at room temp; then the fatty esters were
recovered by washing with dilute potassium carbonate
in excess of amount required to neutralize acidity,
and by water washing to remove the last traces of
alkali. The esters were dried over sodium sulfate and
filtered. Hexane was removed by bubbling nitrogen
into the sample on a steam bath. Distillation of the
fatty esters at 0.25 mm Hg pressure to a pot temp of
225C produced a distillate monomer fraction and a
polymer residue.

Ca. 3-g samples of the monomeric esters were hy-
drogenated with 0.19% Pd in the form of 10% Pd on
carbon at 2,000 psi hydrogen pressure and 200C for
15 min. The hydrogenated monomer esters were di-
luted with acetone and filtered. After filtration, the
acetone, used as a wash to remove the catalyst from
the esters, was evaporated. Iodine values of less than
three were obtained for all samples. The hydroge-
nated esters were analyzed by GLC to determine the
percentage of eyelic fatty acid esters. This method of
analysis has been reported by Black et al. (3).
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Fia. 3. Effeet of solvent ratio on cyelic and polymer acid
vields.,

Resuits and Discussion

Four samples were removed from the autoclave
during each run, through a stainless steel water-
cooled condenser under an inert atmosphere, and
were analyzed for ceyclic and polymeric acid yields.
A eraph such as Figure 2 was prepared for each run,
plotting yields in grams per 100 g of linolenie acid
versus reaction time in minutes. The cyclic acid yield
increases to a maximum and then declines, whereas
polymer acid yield increases continuously. From the
graph the maximum cyclic acid yield, the correspond-
ing polymeric aeid yield, and the time required for
maximum cyelization to oceur were determined. Maxi-
mum yields determined in this manner were used to
prepare subsequent graphs.

Figure 3 shows the effect of solvent ratio on cyclic
and polymeric fatty acid yields per 100 g of the
original linolenic acid. Reaction temp was 295C and
excess catalyst concentration was 50% in these tests.
All yields hereafter are given in grams per 100 g of
the original linolenic acid. When nitrogen was used
in the reactor headspace and the solvent ratio was in-
ereased from 1.5-6, cyclic acid yield increased from
67.0-69.0 and polymer yield decreased from 25.0-14.7.
However, when ethylene under 500 psi pressure was
in the reactor headspace, the cyelic acid yield in-
creased from 68.5-75.7 while polymer yield again de-
creased from 23.2-14.0 as the solvent ratio increased.
The vield of cyclic acid inereased 7.2 g with ethylene
as the solvent ratio imereased, but the increase in
vield with nitrogen was only 2 g.

The effect of reaction temperature on cyeclic acid
vield is shown in Figure 4. A solvent ratio of 3:1
and a 50% excess catalyst concentration were used
for these runs. With nitrogen in the reactor head-
space, cyelic acid yield increased to a maximum of
68.8, and polymer vield increased continuously to a
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Fi6. 4. Effeet of temperature on eyelic and polymer acid
yields,
maximum of 20.5 as the reaction temp was increased
from 225-295C. When ethylene replaced nitrogen,
eyclic acid yields inereased to a maximum of 75.0 (at
295C) while polymer yields decreased, exactly op-
posite to the polymer curve obtained with nitrogen.
The ethylene runs made at 225 and 250C were not
continued long enough to obtain maximum cyelic acid
yields, but extrapolating the 250C ethylene curve
indicates a maximum yield of 71 wounld be expected.
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yields.

A maximum yield could not be determined from the
225C ethylene curve. Higher temperatures favor
eyclization and reduce polymerization if ethylene is
in the reactor headspace. As the reaction temp was
increased from 225-295C, the time required for maxi-
mum eyclization to oceur decreased from 6 hr to 15
min with ethylene in the reactor headspace and from
4 hr to 30 min with nitrogen.

Figure 5 shows the effect of excess eatalyst concen-
tration on cyclic and polymer acid yields. Temp was
constant at 295C; the solvent ratio, at 3:1. With
either nitrogen or ethylene in the reactor headspace,
eyelic acid yield inecreased and polymeric acid yield
decreased as the percentages of excess NaOH in-
creased. 1f ethylene was used, there was a constant
maximum cyelic acid yield of 75.3 at catalyst coneen-
trations above 509,. Evidently, above this concentra-
tion, no increase in yield can be obtained. If nitrogen
was used, the yield curve approaches a maximum in
the 100% excess catalyst concentration area. The
polymer yield curves for nitrogen and ethylene paral-
lel each other although the ethylene curve shows about
29% less polymer at all catalyst concentrations studied.

The effect of gas pressure ou cyeclic and polymeric
acid yields is shown in Figure 6. All pressures indi-
cated are initial pressures before any heat is applied.
In this series solvent ratio of 6:1, 100% excess cata-
lyst concentration, and 295C temp was used to com-
pare ethylene and nitrogen at low and high pressures.
There was no variation of eyeclic acid yield with in-
creased nitrogen pressure, but polymer yield inereased
about 4% when pressure was increased from 10-500
psi. At 10 psi, the maximum yield of eyclic acids was
attained in 134 hr when reaction temp of 295C was
reached. At 500 psi, maximum yield did not oceur
until after 1 hr at 295C, which again took 11/ hr to
reach. Inecreased nitrogen pressure evidently inhibits
the eyelization reaction, and a longer time is required
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to obtain maximum eyclization. In contrast, ethylene
enters into the reaction and adds to the conjugated
fatty acids forming a cyclized Cgo molecule (5). In-
creasing ethylene pressure increases cyelic acid yield
to 84.6 and decreases polymer yield slightly.

The highest eyclic acid yield, 84.6 g per 100 g
linolenic acid, was obtained with 6:1 solvent ratio,
100% excess catalyst concentration, 295C, and 500
psi ethylene pressure. The cyeclic acid content of the
monomer from this test was 95%.
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Effect of Seed Preparation on Efficiency and Oil Quality mn

Filtration Extraction of Rapeseedl

J. R. REYNOLDS,* and C. G. YOUNGS, National Research Council of Canada,

Prairie Regional Laboratory, Saskatoon, Canada

Abstract

The application of filtration extraction to rape-
seed is discussed with particular emphasis on the
effect of seed preparation on the hydrogenation
characteristics of the oil. It was found that cook-
ing the crushed seed without the addition of
water, and at temperatures not exceeding 220F,
produced a satisfactory oil. Under these condi-
tions extraction efficiency was good and the re-
sulting meal showed no harmful effects in feeding
trials with mice.

Introduction

HERE HAVE been a number of reports and papers
(1-7) on filtration extraction of a variety of oil
seeds. However, we believe that we have overcome
some unique problems associated with the extraction
of rapeseed, and this paper discusses how various
changes in the handling and cooking of rapeseed have
a marked effect on plant performance and oil quality.
Rapeseed has a high oil content, 38-46%, and tends
to disintegrate into fines when placed in hexane.
Therefore, it is generally considered necessary to pre-
press prior to solvent extraction. The ability of the
filtration extraction unit to handle both high oil
content and fines was the basis of a decision to con-
vert from expeller processing to straight solvent
extraction.

Experimental

Figure 1 is a schematic diagram of the filtration
extraction unit as used in rapeseed processing. The
cleaned seed is rolled and then cooked in a five-high
stack cooker. The cooked flakes are rapidly cooled
in an evaporative step called ‘‘crisping.”” The ma-
terial is re-rolled and conveyed to the solvent extrac-
tion section of the plant. The re-rolled seed is fed
continuously into the extractor and conveyed down
its length as a slurry with miscella and slowly
agitated to accomplish maximum extraction of the oil
with minimum disintegration of the flakes. The slurry
is laid down on the rotating horizontal screen filter.
The concentrated miscella drains through the filter,

1 Presented at AOCS meeting in Toronto, 1962. N.R.C. 7667.
2 Saskatchewan Wheat Pool, Vegetable Oil Division, Saskatoon, Sask.

leaving the mare on the pan ca. 2 in. thick. As the filter
rotates, the cake is washed: first with concentrated
miscella to remove fines prior to stripping; then with
two washes of decreasing strength miscella; and
finally with pure solvent. The miscella from the
second wash is fed to the extractor to make up the
slurry. The mare is continuously removed and dis-
charged into a conveyor to the desolventizer.

In the initial plant start-up we were concerned
with two main points: 1) attaining low residual lipids
in the meal at the rated capacity of the plant, and
2) obtaining oil suitable for the edible trade and
meal acceptable for animal feeds. The latter was of
prime concern because of problems attributed to
sulfur-containing eompounds, viz., isothiocyanates and
thicoxazolidones, present in rapeseed but not present
in most other oil seeds. Specifically, these problems
are extraction of a portion of the sulfur compounds
with the oil, resulting in catalyst poisoning during
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Fig. 1. Schematic diagram of filtration extraction unit as
applied to rapeseed.



