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GENERAL INTRODUCTION

A recent economic survey of edible fats and oils
indicated that the world supply was only sufficient to
meet slightly over one-half of the requirements for 1946.
This deficit will most certainly affect Canada's overall
supply in 1947, particularly as our production has de-
c¢lined, eg., the amount of lard produced in 1946 was only
fifty percent of the 1944 production. Normally, Canada
produces only about forty percent of her requirements, and
since lmports are controlled by the Combined Food Board,
every effort is being made to increase our domestilc
production.

Linseed oll comprises by far the largest proportion
of the vegetable 01l produced in Canada and 1f 1t could be
utilized for edible purposes 1t would assist materially
in alleviating prevalling shortages of food oils. Some
linseed 01l is beling used in the manufecture of shortening
but the amount has to be strictly limited because of the
undesirable flavour and odour 1its products acquire 1n
baking.

The problem of "flavour reversion" in linseed short-
enings has recleved consldergble attentlon in recent years
and improved products have been obtained, but the undesirable
flavours and odours have never been completely eliminated.
There 1s considerable evidence that linolenic acid 1s the

main source of the trouble. Linolenic acid is known to be more



susceptlible to the action of heat than the other component
acids of linseed oile. The ensuing investigation, therefore,
1s primarily concerned with a study of the nature of heat
polymerizetion with the object of establishing the conditions
of thermal treatment of the o0ll which woulc eliminate

"flavour reversion" in the final shortening.

The polymerized portion of the o0ill segregated with
acetone corresponds to the most highly unsaturated fraction
of the original o0il and hence has special value as a drying
oll. Further segregation of the polymer fraction with
acetone ylelds a low viscosity oll and a high viscosity oll,.
The high viscosity oll has excellent properties as a
varnish ingedlent, whereas the low viscosity o1l 1s highly
desirable for other uses in the drying oil industries,

The research described in this thesls has culminated in
the development of a process involving heat polymerization
and solvent segregation of alkali-refined llnseed oll to
produce a number of olls with different properties, one of
which can be used for the manufacture of shortening and

the others have properties highly desiraeble in drying oils.



REVIEW OF THE LITERATURE

A. Heat Polymerization of Iinseed 0il,

Studies on the heat polymerization of linseed oll in
the production of 741tho olls were first reported at the
turn of the century by a number of workers (18, 31, 39, 55),
Of this group, Lewkowitsch (31l) was the first to recognize
that the thickening process in the production of thease nfls
was polymerization, At this time, however, the chemlcal
changes were not fully understood and T.ewkowitech used the

term more for convenlence than to de<eribe sreciflc reections,

Although the thermal treatment of vegetable oils is a
very o0ld and common industrial practice, pfogress in the
elucidation of the chemistry of polymerization has besen slow,
Perhaps the chief reason for this 1s the great dtversity of
industrial processes embodying thermal treatment for the pro-
duction of mégﬁ different types of olls, The various thermal
processes now in use can be classifled into two general
groups, (a) those in which polymerization 1s effected largely
through the agency of heat, and (b) polymerizations in which
oxidation plays a prominent role, ‘Most of the o01ls now used
in the manufacture of protective coatings are heat polymer-

1gzed olls and this 1investigation 1s concerned particularly with



the chemical ard phys'cal changes lnvclved in tris t)re

of polymerizatiorn as asnlied to linseed ocil.

In 1920, Salway, (43), suggested that in the inltial
stage of polymerizetion one or more fatty ac’. radicsls are
llberated which condense with the unsaturstec linkages of
the fatty oll. Staudenger (46), believed that there are two
types of polymerization, (a) "true" polymerization ir wi'ch
the atoms are united as In & monomoleculer product, that
1s by primary valences, snd (b) "condersing" polymerizaticn

which involves a "shifting of atoms",.

The studles conducted at that tine were ralrly concerned
with the polymerlzation of the irtact olls, end since the
triglyceride molecule 1s carable of forming complex linear
and three-dlmensional polymers, the elucidation of the re-
asction mechanlsm was extremely difficult. It 1s now gener-
ally agreed that only the unsaturated fatty acid chalns of
the glyceride molecules are Iirvolved 1n tre polymerlzation,
and hence most of the recent studles have “e«r rade on the
monohydric alcohol esters of higler unsaturated fatty acids
(2, 8, 11, 12, 28). The formation of comylexr polymers 1s
thus avoided and, although little 1s known about tle nature
of the compounds 1n polymerized olls, consicderetle progress
has besn made in elucidating the mecharism of the resctions
involved in thelr formatlion through study of the rolyreriza-

tion of the fatty acld esters,



Morrell (36), advanced the theory that dimers are
four-membered carbon rings, the formation of which involves

the double bonds according to the following equstion:
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Rossman (42), suggssted that in the polymerization of
eleostearic acid dimers containing a twelve-membered carbon

ring were formed by the following reation:
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The modern conceptlion of the mecharism of the polymer-
1zatlon of drying olls 1is based on experliments conducted by
Morrell, in 1915, (35). He found that polymerization was
preceded by a shift in the position of the unsaturated
linkages in the molecules, and also that the polymerization
involved the doubly-linked carbon atoms. These findings
formed the basis of Scheiber's isomerization theory (45).
Scheiber was the first to realize that the initlal reaction inr
the thermal treatment of drying olls is the formation of

conjugated isomers. This he deduced from the observation

that the refractive index of linseed o1l increased on

heating, whereas that of tung oil decreased (44),



These ori-inal observations were lster developed
Into a8 theory of rponlymerization (45) which assumes this
shifting of double bonds =as the initial reaction. The
formation of conjugated isomers in polymerization heo= 21s0
been observed in linseed ofl by Teylor ern? Smll (51), ard
In purified ethyl linolenate by Stegcer and van Loon (48),
Frod, France snd Evans (12) found that thermal traatment
of 9, 11 and 9, 12 1inoleic acisl esters oroduced 1dentical
polymers, thns indlcating that the ordinery 9, 12 acid was
leomerlized to the 9, 11 form, Further evidence Tor the
formetion of conjugated isomers wes ohteired in more recent
studles on the ultraviolet absorntion spectra of rolymarized
linseed o1l, (Rradley end Richardson {10), M tehell end

Krayb11ll (34),

To elucidate the machanism of the reachkion ¥anrelmeiar
(25) prorosed dimer formation by a modified Diels-Alder
reaction (16), with the formation of a hydroaromatic six-
membered carbon ring. Thls is in accordance with Scheiber's
i somerization theory as the double tonds of =2t least ore nf
the molecules must be conjuga-ed before the reaction can

proceed, The reaction 1s presumed to teke nleoce ss follows:

Monomer Dimer
¢
'/C— Y| ' '
X-c” \c-j L =C_
]
X-C=C-y c— £
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It 1¢ now conceded that the mecharlsm of tre rescticn
ls essentially that proposed by Schelber, namely, lsomer-
ization as the initial reaction followed by nolymer forma-
tion through =« modifled 1, 4 diene adcfition reaction as
first suggested by Kappelmeler. - However, alticuch there
1s genersl agreement as to the mecranism of rolywer-ization,
there has been much speculetlion and l=ck of arreement as to
the nature of the products of the reactions. Eradley anr.
Johnston (8), believe that in tlie polymerization of methyl
eleostearate the reactlions involve the formatizn of a
blcyclic dimer by a complex reaction wirch irvolves a shift

of hydrogen and an unusual ring closure:

n/@HJfE“ocm
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On the other hand, Ault and co-worlers (2) postulsts
the formation of g tricyclic dimer and a bicyeclic trimer

by a simplified interpretation of a 1, 4 diere =2ddition

mechenism;
Tricyclic Dimer Ricvelic Trimer
M OH
[ ] ]
c=C
o CH{(GH) N oH oM 0
H -[cH.),- C-ocH; '\3 lE:&-é:é-(cHa); c-0cH;
o
- eH—&H,),,-?O,-C'CH; - Ha),- ¢ ocH
CH, () - H
36, cns@h’,;. €M)~ G- OcHs
H 0
Hy) -
CHy () CH (cﬂ%
H

In these Investicstions tre rolymerizatlionas were
carried out under widely different condiitions so !t is not
surprising thet different products were obtained. The
differences in the sucvested structures, however, arresrp
largely to be due to a difference In the degree of unsat-
uration as measured by iodine values, Ault and co-workers
(2), find that a range of lodine values is siven by the

different methods depending on thre duration of the reection

time. Morrell (37) also found that Wigs' reacent hes a W ii§Ss

depolymerizing effect, Hence, 1t must be realized that
physicael and chemical analyses may be difficult to Inter-
pret because of inherent limitations in the usual enelytical

methods, Untll more is known ebout the relationships whieh



exlst between these complex molecules ar¢ thelr piysicel
and chemlical properties, 1t will be difficuvlt to elucidate

thelr exact structure,

Appllication of the general polymerizestion theory to
the chemistry o the drylng olls has bsen atterpted by a
number of workers (6, 7, 9, 47). Although 1ittle 1s known
about the nature of the components of polymerized oils, the
baslic concepts establlished in the polymeriration of the
monohydrlic alcohol esters of the higher unsaturated fatty
aclds appear to hold for the triglyceride molecule. Tlre
reactions are not regarded as belrg difTerent from those
occurrlng between ordlnary organic compounds but rather a

peculiar multiplicity of these resctions.

Certailn asgspects of polymerization have been clarified
by applying the theory of polymerizstion developed on the
concept af functionality in the molecule (1%, 14, 26, 27),
According to thls theory those molecules contalining one
reactive group are called "monofunctional®™; those with two
reactive groups "bifunctional". For a high degree of
polymerlzation the molecules must be at least bifunctional
as with monofunctional molecules all the functlional groups
gre used up in the formation of Jirevs, rifunctional cor-
pounds are capable of continuecd linesr polymer formation
as only one functlonal group is involved in the linkage of

two molecules, and the product stlill retains the same
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degree of functionality. TFowever, :f the corpound has

three or more functional groups there will ve a Lrofress-

lve increase In functionality as polvrerization proceeds;

the polymers berome more resctive zrd three-Zirensicnal

cross brldging between adjacent chains rerult to form solid,
rigid structures. An unsaturated fatty acid normally has

one functional group, but when the triglyceride rolecule
contalns three unsaturated fatty acids it will have three
functional groups and hence can form com;lex three-dimen-
slonal polymerse. Although all unsaturated fatty aci)ds

are one functional group, they differ in their reactivity
under the influence of heat (8, 12). Lirolenic acid is

more readlly polymerized by reat than linolelc acid which

1s, In turn, less stable than olelc acld, while the saturated
aclds are the most resistant. Since 1t 1s possitle to 'ave
twenty different types of triglyceride molecules (corsidering
all the saturated acids as a single class), some trifunction-
al and other bifunctional, and since reactivity to heat
depends on the fatty acld composition, the eluvcidation of

the reactions involved and *the nature of the products obtained
becomes exceedingly difficult. The reactions are furtrer
complicated by the fact that intramolecular cycllization (49),
and decomposition reactions (8, 11) teke place under various
conditions, Evidence for the formastion of polymers from

the products of thermal decomposition 1s presented by Fracdley

and Johnston ( 8, 11). They belleve that rupture of the
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fatty acld chaln ylelds octenes and octadiens wrich urderso
polymerization to give low molecular weilcht rolymers. The

polymerizatlon of the drying oils :is evidently a verr com-

plex process.,

In discussing the analyses of a very thoroughly hesat-

gelled drying oll, Bradley and Pfann (9), use the following
configurations:

DIMER TRIMER

The small black "T" represents the glyceride radical
which 1s attached through ester linkages to three linsar
fatty acld radicals indicated by the clear blocks. Tlrey
belléve that tho predominate structure in a thoroughly
heat-gelled drying oll 1s a molecular ag:regation corslist-
Ing of eight triglycerlde molecules, arranged as 1llustrated

below, This concept represents the exient of our rrogress

in elucidating the constitution of polymerized olls:
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Heretofore little or no emphasis has been placed on
the affect of the conditions of polymerization on the
nature of the resulting products. The investigations
recorded in this thesls reveal that the temperature of
polymerization not only influences the rate of the resct-
ion, but also affects the nature of the products obtained.
At the lower tempratures polymerization is selective and
the reactions proceed in a definite and uniform sequence.
The effect of temperature on polymerization was first
observed 1n 1915, by Morrell (35), who suggested that
polymerization takes place in two stages; one below 280°C,
and the other at hlgher temperatﬁres. However, this
selectivity of the reasction at the lower temperatures is
to be expected because the rate of the reactlion 1is much
slower, and hence the various molecules should have diff-
erent rates of reactivity towards the actlon of heats
Since,under these conditions of polymerization, the re-
actlions proceed in a uniform sequence and side reactions are
reduced to a minimum, the analytical date affords a clearer
and more detalled interpretation of the primary polymerilze-
tion reactions. & study of the nature of these resctlions,
under these condltions, was initiated. The results, detalled
below, suggest that the polymerization proceeds selectively
according to the level of unsaturation in the triglycerilde

molecule.



E., PLAVO E REVESSION 777 LITSA-D STEORTRITINS

Although the hydrogsenation of 1li-seed oil tal-es con-
siderably more hydrogen tran edibl: oils normally reg.ire,
the greatest obstscle to 1ts utilization in the =nufsct-
ure of shortening 1s that it s subject to a type of
deterioration termed "flavour reversion™., The tewr
"reversion" has commonly been used to describe a group
of "off" flavours and odours which develop on heatlng or
storing linseed and soybean products, It has been polnted
out by Armstrong and VeFarlane (1) th«t "reversion" does
not Imply the return of flavours and odours n»r:viously
present, but refers rather to the develoni.ent of new
flavours and odours which are unique end charscteristic.
This 1s particularly true of linseed shortenlng. The
undesirable flavours develop elther on storage or when the
products are subjected to baking or frying temperatures,

In the past decade many workers have studied the causes

of reversion in linseed and sortean o0ils and their hy-
drogenated products (4, 17, 20), and a nurber of sources

of the undeslrable flavours and odours have been sug:iested,
such as:

(a) The highly unsatursted fatty acid, linolenic acld
(1, 2, 40, 30),
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(b) Oxidation products of the ratursl sntioxlisnts
(29 p, 131, 4),

(¢) litrogen contaeinirpy substances (57, 13).,

Recent work by Lemon (30), end by Armstrong and
VeFarlane (1), strongly indicates that linolenic ac'd 's
responsible for the reversior of 1'nseed shorfeniags throuch
1ts conversion !o an 1solinolsic acid ir the hydrogen=tion
processe Thls acld was shown by Lemon to undergo oxida‘'ion
to yleld products which have the typlcal revertsed odour
and flavour. The prevention of reversion hasg heen attempted
by modifying the customary steps in processing the oil
(1, 30), and by special treatments, including the use of
antloxldants. However, althou;h im/~ove? :rodurts havse
been obtalned, flavour reversion has never been completely

eliminated,

The investigations recorded in this thesis includs a
study of the conditions of thermal treatment of linseed o:1l
which bring about the 1somerization or polvrerization of
the 11-o0lenic ac?d, and thereby elimlnate fl=avour reversion,
Shortening prepared from "he heated oil does not revert.
However, since the high polymer fraction is less nutrit’ous,
and may even be Injurious to health, the polymerizeil oil Is
fractionated w'th acetone. Tie acetoiie-solulle fr-ction makes
a most acceptable shorteninc. The ylel! of acetonre-soluble

01l and the quality of the shortening o™Fained depesnds on the
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conditions of polymerlzation. The heat polymerigzation,
solvent segregation, and hydrogenation of alkali-refined
linseed oll have been studied to establish the optimum

conditions for the production of a shortening of the best

quali tye.
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METHODS

1, Heat Polymerization.

The heating medlium 1s a salt mixture composed of 55
parts potassium nitrate and 45 parts sodium nitrate which
melts at 227°C, It is contained in an enamel saucepan (A)
(Figure 1), which 1s set in a shallow sand bath on a 1000
watt insulated hotplate (B). The molten salt is stirred with
an electric stirrer (C), and the temperature is controlled to
within #0.5°C by a mercury-immersion, contact thermostat (D)
connected to a 250 watt immersion heater (E). About 275
grams of oil are welghed into a 500 ml, Erlenmeyer flask
fitted with glass tubing connectfbns to permit the passage
of carbon dloxlde through the sample at a rate sufficient to
agltate the oll, When the bath 1s at the required temperaturs,
the flask is Immersed in the bath so that when the oil has
reached the bath temperature the surface willl be approxi-
mately at the same level as the surface of the heating
medium. Thts precaution is necessary to avold the charring
of volatile products on the surface of the flask which
occurs when the flask is too deeply immersed, It requires
30 mimutes for the oll to reach the bath temperature.
Samples, amounting to a few drops of the oll, ere taken at

45-minute intervals and cooled rapldly to avoid oxidation.



A,
Boe
C.
Do

Ee
Fo
Ge

Figure 1 - Polymerlzation Apparabus,
Ensmel container (8" wide x 5" deep).
1000 watt insulated hotplate.
Electrlc stirrer.

Mercury-immersion contact thermostat.
Relay and resistance.

250 watt immersion heater,

Carbon dioxide 1nlet.

Carbon dioxide outlet and trap.
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The refractive index of each sample is determined at

25°C using an Abbe refractometer with the prism tempera-
ture regulated by water from a Hoppler TUltra-Thermostat.
At the end of the heating period the flask is raised from

the bath and the passage of carbon dioxide is continued

until the oll has cooled to room temperatures

2. S30lvent Segregation,

A sulitable solvent for the segregation of polymerized
oils must.be immiscible with the o0il at the temperature
employed, and must selectively dissolve the non-polymeric
fraction of the oil. Acetone which possesses these proper-
tles can segregate polymerized linseed oil into three
distinct ffactions:

(1) a non-polymeric oil which is considered
non-polymeric in nature as 1t contains no

dibasic acidsy

(11) a low polymer fraction which is slightly
soluble and is extracted very slowly, and

(111) a highly polymerized fraction which 1is
insoluble.
By adjusting the conditions of extraction or segregation
1ncluding time, temperature and ratio of solvent to solutes,
a number of oils, of "bodies", or viscosities Intermedizte
between the low polym;r and highly polymerized fractions

can be obtained.

A small portion of the polymerized oil (3 to 47) 1is
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soluble in 95% methanol. This fraction is darl in colour,
has & rather obnoxlous odour and strong reducing propertles,
It -has a low refraction index (1.4778 at 25°C) and a low
acld value and 1s belleved to consist of the non-volatile
decomposition products,

(a) Batch extrasction.

After experimenting with various methods of

fractionation, the following procedure was adopted:

The polymerized oil is poursd into 1500-17CC ml,
(six-seven volumes) of =zcetorne in a round-bottom flask,
The solution is mixed by gentle shaking as it 1s brought
to bolling temperature on a steam bath, allowed to cool and
let stand overnight at room temperatures. The supernatant'
1s decanted from the insoluble o0il; the acetone 1s dlstilled
off and the lest traces removed under reduced pressure,
The amount of oil whicli dlssolves in acetone depends on
the ratio of solvent to oil and on the temperature, other
factors being constant. When the polymerization 1s carried
out for 12-15 hours at 270-2759C and the ratio of solvent
to oil 1s 7:1, up to 60% of the oil is soluble at room
temperature. An acceptable shortening can be produced from
this acetone-soluble fraction, however, a sharper separ=iiocn

of the polymerized and non-polymer frachlons is obtalned if

the segregation 1s carried out at 5°C.
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(b) Liquid-liguid extraction.
 Acetone 1is employed as the solvent and the

extractions are carried out in the apparatus shown in Figure
2o

Thirty grams of oll are weighed into the extractor,
approkimately an equal volume of acetone is added and the
mixture 1s shaken until all the acetone is taken up by the
oil, The 0il 1s saturated with acetone to ensurs uniform-
1ty and e high degree of selectivity in extraction. If
the o0il is not saturated with acetone prior to extraction,
the oil separates into two layers and the process 1s not
so selective. The temperature 1is controlled by Ilmmersing
the extractor in a water bath usually malntained at 20°C.
The extraction time is ebout 24 hours, depending on the
aegree of polymerization, and on the size of the sample.
The course of the extraction is followed by taking extract
éuts at various intervals and determining the yleld and

refractive index of the oil.

3. Ultraviolet Absorption Spectra.

Conjugated double-bbnd systems absorb strongly in the
ultraviolet region of the spectrum, diene conjugation
exhibiting a strong maximum at 2520—25403, and trime
conjugation at 27002- Since, in the thermal treatment of

linseed o1l the initial resction involves the formation of
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Plgure 2 - Liquid-1liquid Extractor.
A, Heating unit.

s Extraction unit.

C. Funnel,

D, Condenser,
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conjugated 1somers, studles were made on oills polymerized
to varlous stages and also on various segregates of these
olls. A Beckman quartz photoelectric spectrophotometer
was used to obtaln the absorption data.

A welghed amount of oll is dissolved in purified
dlethyl ether and dilutions are made when necessary to
glve optical densitles between 0.2 and 0.8+ The length of
the pptlcal cell is one cm., and the data are expressed in
terms of the specific absorption coefficlent according to

the followlng formula:

Specific « = logla.%g

cl

absorption coefficlent.

To = Intensity of radlation transmitted by the solvent,
I = intensity of radiation transmitted by the solution,
¢ = concentration of solute 1n grams per 1000 ml,

1 = length in centimeters of solution throvgh which
the light passese.

4, Chromatographic Analysis,

Chromatographic analysls was carried out on the olls
readily soluble in acetone which are non-polymeric in nature,

the object being to determine the extent of unsaturation of the
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component glycérides at various stages of polymerization,.
Walker and Mills (54), found that through adsorption on
activated aluminium oxlde, the various levels of unsaturation
of the component glycerides of linseed 01l could be determined.
The most highly unsaturated glycerides were adsorbed at the

t0p of the column while those of less unsaturation were
adsorbed to a less degree according to the level of unsat-
uration,

In the segregation of the component glycerides of
linseed oil the author employs the size of column used by
Walker and Mills, Aluminivm oxide, activated by heating
at 2500-300°C for three hours is used as the adsorbent,

The column is prepared by pouring a thick cream of the freshly
asctivated aluminium oxide in benzin into the glass tube,

The column i1s then tapped gently on the side untll the
adsorbent has settled and the rate of filtration (150-200 ml.
per héur) is adjusted by means of suctlon,

Tt was found necessary to modify the technique employed
by Walker and Mills in order to segregate the component
glycerides of the acetone-soluble olls. These olls consist
of triglycerides with a nuch narrower range of unsaturation,
and thus 1t is difficult to obtain a complete development

of the chrometogram. The following procedure was finally

adopted:



Fifty ml. of an arproximately 67 solition of the oil
1n Benzin is added to the column, The more righlv satnr:ted
glycerldes are eluted by continued washing with Benzin,
Elutlon 1s dlscontinued efter atout twslve hours although
a very small quantity of oil is still beinc eluted from the
column. The remalining glycerides are then completely
eluted with about 300-400 ml, of diethyl ether. The origiral
oll 1s thereby segregated into a more *i1shly adsorbed fruction
and a fraction which 1< eluted with Benz!r., Although *this
method does not give a complete segregation of all the
glycerides, the most highly unsaturated are adsorbted end

thus separated from the more saturated,

Se Fractionation of the Fattv Acids,

The presence of dlbasic and isomerized acids in
polymerized oils precludes the usual method of freactiona-
tion by the lead salt-ether process (33). However, the
fractionation can be accomplished by a modification of the
Twitchell lead selt-alcohol procedure for itie determ-iration
of the so0lid fatty acics (F2), It was found thet the
lead salts of the dibasic acids are irsclvils ir 95 ethyl
alcohol., The alcohol-insoluble lcad salts of tre fatty
acids of the most highly polymerized acetons insoluble

segregates of olls polymerized to various stages, ylelc



fatty acids which have molecular welght of 560-570
Indlcating that these are dibasic fatty acids. However,
this same fraction of the fatty acids of the whole
polymerlized oll yields an alcohol-insoluble fraction of
fatty aclds with a molecular weight only slightly over 400,
This indlcates that the dibasic acids are contaminated
with monobaslc acids. It is well-known that certain
1somers of olelc acld, for example, are insoluble in 957
ethyl alcohol, and since lsomerization is one of the most
important reactions 1n polymerization, some monobasic
acids are formed which are highly inséluble in 95¢ ethyl
alcohol. The absence of these acids 1In the most highly
polymerizea fraction of the oll suggests the presence

only of that portion of these lsomers which have undergone
polymer formation or intramolecular reaction, or that only
the fatty acids of higher unsaturatlion are Involved iIn the

formation of the highly polymerized fraction.

Baughmman and Jameison (5) showed that the lead salts
of the solid acids can be dissolved in 95% ethanol at
boiling temperatures and precipliteted at low temperatures,
while the unsaturated fatty acids remain in solution.
Hence it is possible to fractionate the fatty acids into
the solid, unsaturated and dlbaslc aclds taking into

consideration the limitations previously mentioned.
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Ordinarily the solld acids of linseed oll consist of only
saturated aclds, however, solid lsomers of some of the
unsaturated aclds are formed by the heat treatment as
indicated by the 1odine absorption values of these frascticns,

The procedure for the fractionation is as follows:

Approximately 6 grems of polymerized oll are weighed
Into a 250 ml., Erlenmeyer flask and the saponification is
carried out with 50 ml, of alcoholic potash (40 gms. KOH
per litre) in the usual manner (24). After saponification,
a few drops of phenolphthalein indicator (17 alcoholic
solution) are added and the excess alkal! neutralized with
glaclal acetic acld, Ten grams of lead acetete are
dissolved in 100 ml, of 95% ethyl alcohol. Both solutions
are heated to boiling on a steam bath and the lead acetate
solution is poured into the alcoholic soap solutlon. If
1t is necessary to acldify the 95% ethyl alcohol solution
with glaclal acetic acid to dissolve the lead acetate,
the final soap solution must be adjusted back to almost
neutrality with alcoholic potassium hydroxice. This is
indicated by the voluminous white precipltate of baslc lead
acetate, This solution is malntalned at bollling tempereture
for &bout 5 minutes on a steam bath, 0.5 ml. of glaclal
acetic acid 1s added and the solution is refluxed, generally

for 15-20 minutes, until all the preciritated basic lead
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acetate 1s dissolved. The lead soaps of the dibasic

acids adhere to the sides and bottom of the fiusk, and

the alcoholic solution of the lead =s=1ts of the unsaturated
and saturated acids 1s decanted irto a 250 ml. certrifuge
bottle. The lead salts of the dibasic ecids are weshed
twice with 1C cc. portions of 957 ethyl alcohnl, and the
washlings are added to the centrifuge bottle which is

placed in a refrigerator at -5°C, for at least five rours.
The solutlon 1s then centrifuged and the alcoholic solution
of the lead selts of the unsaturated acids is serarated by
decantatlion. Approximately 100 ml. of ' ethyl ether are
added to the lead salts of the saturated acids in the
centrifuge bottle, the mass 1s broken ur» by warming and
sheklng and the centrifuge bottle 1s placed overnight in
the refrigerator at 5°C. The suspension is then centrif ;red
and the supernatant decanted. The diethyl ether solution
1s added back to the unsaturated frection when it Is de-

compossed as follows:

The alcohol is removed from the lead salts of the un-
saturated acids by distillation, rreferably under an atmos-
phere of carbon dioxide, leaving a thick, viscous liquic.

The £hree fractions, that is the lead salts of the saturatec-
unsaturated and ditasic acids, are decomposec wit® hydro-
chloric acid, extracted irto dietlyl ether, washed, dried,

and weighed in the usual manner (32).
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6es Todine Absorption,

The Rosenmund-Kuhnhenn (41) and the Kaufmann (23)
methods were studied. The Kaufmann method wes chosen
because with polymerized oils the end point of the titra-
tion 1s more sharply defined. In the Kaufmann method
absolute methanol 1s used in place of glaclal acetlc acid
In the preparation of the reagent; this is also much more
convenlent to use than the highly corroslve glaclal ecetlc
acild reagent. The results by thls method agree closely
with those obtained by the Hanus procedure (33) when a
reaction time of two hours 1s used. As with most methods,
the results by the Kaufmann method also vary with temperature
and wample weight (48), so these must be maintained, comparable

in repeated analyses.

7+ Hydrogenation and Deodorization.

The shaker-type of apparatus (Figure 3), the catalyst
(reduced nickel on silica-gel base) and the general conditlions
of hydrogenation and steam deodorization are the same as
was employed by Armstrong and McFarlane (1), However, to
facllitate the taking of samples during the course of
hydrogenation, the reaction chamber is fitted with 4 mm,
copper tubing inserted through the stopper -nd with a valve
on the outlet. The course of hydrogenation'isfollowed by
noting the hydrogen consumption and by measuring the re-

fractive indices (60°C) of the samples of the filtered oil,
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The catalyst contalns 28% nickel. With 4% of the catalyst
and a temperature of 1700C the hydrogenation time is
generally about 45 minutes. The catalyst is removed by
suction flltration on paper in a Buchner funnel,

An all-glass apparatus (Figure 4) 1s employed for
steam deodorization at 180°C and 5 mm. pressure. The
process ls completed within three hours. Occasionally it
1s necessary to refllter the o0il after deodorization to

remove the last traces of catalyst.

8. Quality of Shortening.

Since no chemlcal method has yet heen devised for the
detectlion of flavour reversion, the quality of each sample
of linseed shortening ls assessed by baking pile crust and
comparing its flavour and general quality with pies crust
prepared with commercial shortenings. The grading 1s done

by a panel, usually comprised of ten exp~rianced judges.

Q. Toxicity Teste

The toxlcity test was carried out with rats. In the
first test fifteen nine-week o0ld rats were dlvided luto t'iree
groups. The basal dlet contalned 15% protein and was corposed
of finely ground barley plus a protein and a mineral supplerant,
The dlet of the first group was supplemented witn 1070 lins«ed
oll; the éecond group with 10% acetone-soluble oil, and tie

third group with 10% alcohol-acetone segregat=d oil., The rats
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were housed in individual wire cages wit» food and vet-r
provided ad 1libitum, The rats were welghed at frequent
Intervals and the total feed consumption recorded at the
end of the tests. The duration of the tests varied “rom
ten days to one month, The second test was carried out
in a simllar manner to the first but with five wesek-old

rats, and three extra rats were fed the basal dlet only,

10, Enzymic Hydrolysis,

The pancreatic lipase solution 1s prepesred from fresh
pig's-pancreas In the usual manner (50), The oils to te
tested are emulsified by addins O0.I.N. sodium hydroxide
untll the mixture 1s slightly alkaline to nhenolp*thalein.
Five ml. of the o1l emulsion and 5 ml, of lipzse solution
are plpetted Into a 125 ml. ®rlemnmeyer flask, shalien and placed
in an oven at 37°C., A blank is prepared at the same time
by neutralizing 5 ml, of lipase solutlon with 0.T.7. alkall
untll it shows a faint pink eolour to phenolphthalel~. As
hydrolysis proceeds the flasks are removed from the lrcu-

bator at frequent intervals and hitratsd witn C.1.T7. alkal!

to a faint pink colour, comparable to the blank,

11, Molecular Welght Determinatione.

The molecular welghts of fats and oils are zenera’ly

determined by the cryoscoplc method, the essential requlremen”s
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belng that no assoclation takes place retween solvent

and solute (37,38) and that the solvent 1is easily
crystallizable, Camphor has proven to be an excellent
solvent, Its very high molecular melting point depression
constant has reduced the technique merely o taking the
melting point 1n the conventlonal manner, The detsrmination
1s carried out by a modification of the Rast camphor method
using sealsd capillaries (38),

12, Vliscoslty,. |

The viscositlies of the paint oils were determined
with a Gardner-Holdt Bubble Viscosimeter having a range
of 0.5 - 148 polses.

The sample tube 1s fi1lled with oil untll the alr
bubble is the same size as that in the stendard tubes. The
tubes are placed in a water bath at 25°C to bring them all
.to the same temperature. They are then held in an upright
position with the sealed ends at the bottom and quickly
inverted., The sample tube 1s then comparsd wlth the stand-
ard tubes to find the one which gives the same bubble test.,
The bodies of the paint oils are expressed in Gardner-Ioldt

units,

13, Colour.

The messurement of colour is made with a Helllger
comparator using the Gardner colour standards of 1933,

The colour 1s expressed in Gardner units,
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14, Tolerance of Mineral Spirits.,

Approximately 10 grams of oil are welghed intn a
500 ml, Erlenmeyer flask and minsrsl spirits is run in
from a burette until the solution becomes turbid, The
end point of the titration is sharply defined, The value
1s calculated according to the following equation:

Ml, of mineral spirits
welght of sample x 100

The tolerance 1ls very high when the value exceeds 3500,
2800-3500 indicates "high tolerance® while the minimm

requirement 1s about 1500,

15, Drying Time.

Drying tests are made by pouring the varnish or oil
on a glass plate and allowing to drain in a vertical
position so as to get a film approximately six inches long.
At periodic intervals the film 1s touched 1lightly with
the finger at a point about two inches from the top to
determiné the time required to change from a wet to a tacky
cbndition, referred to as the Minitial set". The varnish
or o1l is considered "drisd hard" when no distinct

impression 1ls madse when pressed flrmly with the flnger tip.

16, Varnish Vehicls,

Varnishes were prepared according to the following

formula:
200 1lb, modified phenollc resin
45 gallons polymerized oil
5 gallons fire-bodied linseed oll
85 gallons minersl spirits.
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The modifisd phenolic resin and "slf of the nolymerlzed
o1l 1s heated %o 5600F,, the rewzinder of the polymerized
0ll 1s added and the solution held at the same tersers-
ture until a drop of the materlal on a tin :late cools to
a clear, homogeneous mass which the var ish malrer refers
to as "clear pill"., The linseed oil is added, the

nroduct cooled and reduced with mineral snirits,
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I - POLYMERIZATION STUDIES

A o General °

Small samples of 250-275 grams of commercial, alkeli-
refined linseed oil were subjected to the heat polymerizat:ion
process at various temperatures from 260-300°C for periods
up to 27 hours. The results presented in Figure 5 show
that, In the 1lnitial stages, a linear relationship exists
between the refractive index and the time of heating, wherseas
in the latter stages,the refractive index changes in relation
to time of heating appear as a seriles of uniform stens,

This 1s especlally apparent at the lower temperatures when
the reaction rate is slower. The 1l1odine absorption values
change 1in a similar manner but 1lnversely to the refractive
indices (Figure 6)., This inverse relationship is not
unexpected in view of Schelber's isomerlzatlon theory which
postulates a shift of double bonds to conjugate positlions.,
In general, conjugated isomers have higher refractive
indices and lower lodine values than their non-conjugated
forms., Thus the refractive index and 1odine absorption
curves indlcate that under the conditions of polymerization

the reaction proceeds in a uniform and characteristic

manner ..

Heretofore,little or no lmportance has been attached
to the conditions of polymerization as they influence the

reections involved and the nature of the products formed.
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In industry, high temperatures (300°C and abova)
are employed to speed up the reactions, and the surfacs
of the o1l 1s blanketed with s inert gas. TUnder trese
condltions slde reactions involving decomposition procucts
are qulte extensive and complicate the study of the
primary polymerization. These side reactions are almost
completely eliminated under the conditions of polymer-
lzatlon employed in these experiments and the analyviicel
results are an expression of the primery polymerization
reactionses The elimination of side reactions 1is accoi »1ished
by (a) low temperature polymerization and, (b) removal of
decomposition gs soon as formed, by bubbling carbon dicxile
through the oll. These decomposition producths probably
conslst chlefly of aclds, aldehydes and »~"haps ketone=
since they are highly acidic and reduce the T¢lin and

Ciocalteu reagent (19) and potassium ferricyasnide,

Be The Nature of the Primary Polvmerization Resctions,

(1) Solvent segregation,

Batch extraction of three o'ls polymerized at 295-300°C,,
27500., and 270°C,, res;ectively, was carried out according
to the process previously described. The results are

presented in Table I,

When the polymerization is cerried out at nigh

temperatures (above 295°C0) more of the o’1l 1s extraxted and
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the soluble o1l has correspondingiy higher refractive
index than when low temperatures arse employed, For
example, when the oil is polymerized at 295—30000., and
to a refractive index of 1.4859, 95% of the oil 1s soluble
and this oll has a refractive index of 1.4850, whereas,
under the same conditions of extraction but when polymer-
l1zatlon 1s carrled out at 275°C., and to a refractiwe
index of 1.45%9, only 60% of the oil 1s soluble and this
01l has a refractive index of 1.4832 (see Table 1),

When the polymerization 1s earried out at 270°C to the
same refractive index the yleld of acetone soluble oil 1s
very much lower (45% vs 95%), than when the oil is
polymerized at 295-300°C., and the refractive index is
also correspondingly lower. In thls case the extraction
1s carried out at a slightly lower temperature. Similar
results wlth more highly polymerized olls may also be

noted in Table 1,

These results indicate that at the high temperaturas a
larger portion of the oll 1s polymerlzed to a lower degree,
whereas at the lower temperatures a smaller portion of the
o1l 1s polymerized to a hlgher degree. Thus, at the low
temperatures the reactions are seledtlve, the more redctive
fraction of the oil being polymerized first., The stepwise
nature of the refractive index and lodine absorption curves

also indicates that the reactions are selective at lower
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TABLE I - Results of Batch Extraction with Acetone of Thermally

Processed Alkali-Refined Linseed 0il.

Conditions of

Polymerization Analyses of Polymerized Oils
R.Index Acetone Soluble 0il
Linseed Oi* Temper- Time Whole 0il Yield # R.Index Todine Number
(25°¢) ature (Hours) R. Index (%) (25°¢) (Kaufmann)
(250¢) =

( 4 1.4859 95 1.4850 -
1.4795 295-300°¢ E 6 1.4872 78 1.4850 -

% 10 1.4888 49 1.4850 -
1.4795 276°C 14 1.4859 60 1.4832 138.0

( 12 11,4850 56 1,4822 136 .3
1.,4791 270°0¢C E 16 1.,4861 45 1,4819 131.2

E 20 1.,4870 35 1.,4816 127,42

% 24 1.,4881 27 1.4814 122 .8

The scetone segregation of the olls polymerized at 295-300°C and 275° was carried

out at room temperature,but the oll polymerized at 270°C was segregated with acetone

at 5°C.

I8
v



temperatures and apparently take place in a series

of Intermittent stages,

Llquid-1liquid extractions were cerried out on four
oils representing the four stages ‘n the rolvwsrization
of linseed o1l at 270°C corresgonding ‘o the four flat
portions In the refractive index curve (Ficure 6, curve 1),
The multiple extraction unit was employed so trat the
four oils were extracted at the same time under ldentircal
conditlons. The results presented in Tatlse 2. show a
definite trend in the refractive indices of success’ve
extract cuts in relation to the time of extraction., ™=
0ll conslsts of three distinct fractions:
(1) a readily extracted fraction,
(11) a fraction which 1s extracted very slowly,
in 12 hours of more, and corresponds to
a rlse in refractive index, and
(111) a highly insoluble portion which remains
In the extractor.
These frections represent various degrees of polymer forma-
tions, The first fraction, which Yas a low refractive
Index, 1s non-polymeric 1ln nature as it contains no diraslic
acids (Table 4). The second fract’cn has undergone initial
polymer formation but it 1s not so cpmplex that 1t 1is
Insoluble, while the last fractfion, since it htas a very
high refrasctive index, a high viscosity =nd a high content

of dibasle acid, is highly polymerized. The decrease in

the percentage of the non-polymeric fraction correspording
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to 8 progressive increase in the hlghly polymerized
fraction from the first to the fourth stage, thus
indicating that the polymerization takes place in e
definite sequence of reactions. Since there is a
progressive decrease iIn the refractive Index and diene
conjugation value (Figure 9) of the non-polymeric
fractions, from the first stage to the fourth stace, it
appears that the more highly unsaturated glvcerides are
polymerized most readily and hence are removed from the
non-polymerlc fractions.,

(1) Ultraviolet Absorption Studles.

To elucidate the nature of the reactions taking
place at the lower temperature the ultraviolet absorption
spectra of various fractlons was studied. The 11lght
absorption of many samples was measured over a range of
wave lengths from 2240 to 3200 R but the only maxima found
was that for dlene conjugation which is measured at
2320-2340 K (Figure 7). The results with samples polymer-
1zed at 270°C (Figures 7 and 8), show a marked increase
in diene conjugation in the initial period of polymeriza-
tion. This has already been observed by a number of
workers (10,34,11). Diene conjugation appears to reach
a maxinmum about the ninth hour of polymerization,
remains relatively constant for the next five hours and

then decreases gradually, This maxlmum has also bteen
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observed by Eradley and Richerdson (10), who telieve trat
an equilibrium 1s established where dlere conjugationr 1s
belng used up in polymer formation as rapidly as it 1is
being formed. However, at the twenty-fourth hour diene
conjugation has decreased by only about 20%, whereas

polymerlization has proceeded to a rmcl. greater extent.

There rust, therefore, be further conjugation of double
bonds after primery polymerizstion, otherwise the decreszse
in diene conjugation would parallel the inerease irn poly-
merization. This 1s further supported by analysls of the
acetone segregates (Table 3). The results show that the
low polymer fractions (7,8, and 9) (Table 3) are very highly
conjugated. Since these oils have undergone primary
polymerization, further conjugatlon of the rewslring
double bonds must have taken nlece, However, as the riole-
cules become more complex, as indicated by the lncrease 1in
refractive indices and decrease in the solubility 1n acetons,
the extent of dlene conjugation diminishes. 1t appears,
therefore, that in both primary and secondary polymwerization
of the triglyceride molecules o shift of double bonds lnto

a diene conjugate system is involved,

Analyses of the acetone soluble, non-polymerized olls
(Flgure 9) show that the dlene conjugation 1is highest in
the fraction segregated from the oil polvirerized to the first
stage and lowest in the oil polymerized to the fourth stage.
The acetone-insoluble oils also show this same relationship

(Figure 10) .
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TABLE 3 - Showing the relationship between diens
conjugation and the complexity of the
. polymers.

(Segregation by liquid-liquid extraction with
acetone at 200C of the second stage oil polymer-
ized at 270 + 0.5°C,)

Acetoﬂe-SolubT%

Begregate  Refractive 01l Diene Conjugation
No .o Tndex Yield (Specific Absorption
(25%) (%) at 2320 -2340 ﬁ)

3 1.,4821 642 6e3

2 1.4821 545 -

3 1.4822 5.4 -

- 1.4822 943 -

5 1.4822 12 .9 546

6 1.4824 8.7 .

7 1.4829 4,5 6.4

8 1.4830 5.5 647

9 1.4840 5.9 6.7
10 1.4848 2.0 -
b 1 | 1.4860 4.5 6.5
12 1,.,4890 845 5.8
13# 1.,4940 24,9 57

# Tnsoluble in escetone.
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Since the diene conjugation velves, lodine values
end refractive indices are higher for the non-polymerized
fraction of the first stage oll, it is suggested that this
fraction conslsts of more highly unsasturated glycerides
than are contained in the non-rolymerized fraction of ths
olils at the other stages of polywerization., If this is
true, polymerization rust heve proceeded in = selective
manner according to the level of unsaturation in the tri-

glyceride molecule,

(3) Fractionation of the Fatty Acids.

To obtaln further evidence for the selective
‘nature of the polymerization a fractionation of the fatty
aclds of the acetone-soluble, acetone-insoluble and whole
polymerized olls was carried oute. The results (Table 4)
are in agreement with the above postulate, in that the acetone-
soluble oils contain a much higher percentage of solid aclcs
than the original oil and the highly polymerlzed insolible
oils contaln only traces of a solid acid fraction. The
highest percentage of solid acids 1is expected 1In the acetone-
soluble oll of the fourth stage since, according to the
sbove theory, as the polymerization proceeds the more nignly
unsaturated triglycerides are polymerized first and hence
removed. Apperently the acetone-soluble olls do nof contaln

polymers since dibaslc acids are abhsent,



arying Periods of Time.

Solid Acids Tnsaturated Acids Dibasic Acid Fractions
Todine Todine Todine
Absorp- Absorp- Absorp-
Stage of tion NOT tion No,. tionm
| Polymeri- Yield# (Xauf- R.Index Yield# (Kauf- R.Index Yield#(Kauf- #
Sample zation mann ) (85°) (%) menn ) (3500 ) (%)  mann)
Original g | 8.0 6544 1,4697 62,5 159.0 1.4836 20.6 ~ 140.5
Polymerized ( 2 8«2 - 1.4698 59,0 © 1563 - 25 S 136,828 o
01l ( 3 ‘Bl 68,7 1.4699 5847 153 .2 1,4855 26,7 130,9
( 4 845 78 .4 1.4699 55,8 .. 14%7.2 1.4885 28,9 128.2
Acetone- 3 10,6 65 .4 11,4700 80.4 160.5
Soluble ( 2 13,4 68 .6 1.4698 80,6 157.0
01l (.8 - 68,7 1,4695 7547 152.8
( 4 18,3 70.4 1.4690 72 .4 150,.3 '
A
Acetone= { & - - 1.4697 61.7 144 ,0 1.4900 30,1 130,35 ?
Insoluble £ - - 1.4697 56,0 142 .8 1.4908 30 .4 129 .8
011 ( 3 Trace - 1.,4700 43 4 141,0 1.4900 48,0 130,0
( 4 Trace - 1.4704 40,5 139,11 1.4902 54 .8 128,2
Tinsead 01l
(ntreated 8.6 3D 1.4687 84,3 195.8
alkall-
refined)

# Yields ers expressed as percentage of origlnal sample and not as percentage of
total acids whiech comprise about 95% of the glycerides.

# 0,32 N, bromine reagent was used.
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The percentsge of acids whose lead salts are Inscluhle in
95% ethyl alcohol would be expected to increasc as poly-
merization proceeds since more dibvasic acids are produced.
However, as mentioned previously, the low molecular weight
of these aclds 1In the whole o0il as compared to the acids
1solated from the acetone-insoluble oils indicates some

contamination with monobasic acids.

Although the percentage of acetone-irsoluble oil at the
first stage of polymerlzation is considerably less than at
the fourth stage, the refractive indices are about the same,
This Indlcates that they are corresponding fractions

(Table 5).

TABLE 5 - Analyses of High Polymer Acetone-Insoluble CJ15.

" (Alkali-refined linseed oi1l, refractive index
1.4791 at 25°C polymerized at 270 + 0.50°0C.,
liquid=1liquid extracted 24 hours).

Acetone-inscluble Clls
Nibasic

Stage of Whole 011l R.Index Yield  Acics Yolecular
Polymeriza- R. Index (25°C,) (%) (%) Welght
tion (25°C)

1 1.4850 1.4930 19.8 3041 1560

2 1.4860 1.4940 24,9 39 .4 -

3 1.4870 1,4942 34 .4 48,0 2030

4 1.4880 1.4942 43 .4 54.8 261C

The large increase 1ln the percentage of dlbaslc acids in

this fraction at the fourth stage as compared to the first
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stage 1s very significant. These fractions, therefore,

mist be of widely different constitution, This is elso
supported by the difference in diene conjugation (Figure 10),
and molecular welghts (Table 5). The molecular weizhts
indicate that the predomlnant strucbture of the scetone-
insoluble fractlon at the flrst stage is a dimer and in the
subsequent stages, mixtures of dimers, trimers end perhsps
tetramers. However, the percentage of dibasic aclds present
In these fractions indlicate that these are not simple
molecules and that conslderable intramolecular reactions
mist have taken place., It appears, therefore, that the

most hlghly unsatursted triglycerides, followed by those of
lesser unsaturation, polymerize In a succession of reactions
through the formation of dimers, trlmers, tetramers and so

on untll gelation occurs.

The yileld and iodine value of the unsabturated aclds of
the whole polymerized oil and of the acetone-solubls oill
decreases as polymerlization proceeds from the first to thea
fourth stage. This would be expected since polymerization
involves only the unsaturated acids. No linolenlc acid 1is
present in any of these processed oils as 1ndicated by a
negative hexabromide test., The 1odine values of the un-
saturated acids, however, do indlcate the presence of some
octadecatrienoic acid., Yotwithstanding the fact that
linolenic acild is more susceptible to polymerlzation then

linolelc or olelc acid some isomer of this acid must
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be present. This®” further supports the foregoing postulate
as some of the lesser unsaturated glycerides would contain
some octadecatrienoic acld according to Hilditeh's theory

regarding the equal distribution of the fatty acids in the
glyceride molecule (22).

(4) Chromatographic studies.

An attempt was made to segregate the component tri-
glycerides of the acetone-soluble oils by adsorption on a
column of activated alumimium oxids. Acefone-soluble oils
of the first, second and fourth stages of polymerization were
analyzed (Tablegé). According to Walker and Mills (54),
the most highly unsaturated triglycerides are absorbed at the
top of the column, It was found that the olls could be separ-
ated into two fractions; one was readily washed through the
column with Benzin and the other was eluted very slowly by
Benzin but very readily with dlethyl sther. Although the
fefractlve indices and iodine values of the various component
triglycerides of linseed oil have been reported (54), these
values cennot be applied here, since the component triglycerides
of these oils are very highly conjugated (Figure 9), and the
refractive index and iodine absorption are greatly influenced
by conjugation., However, the difference in the refractive
index of the adsorbed oil and the eluted oil indicates that
separation of the most highly unsaturated triglycerides was

achleved,



TABLE 6 - Chromatographlc Analyses of Acetone-soluble 01ils Obtained by Batch
Extraction of Linseed 011 Polymerization et 270% 0,50C.

Stege 1 Stage 2 Stege 4
Todine Todine Todine
Benzin ReIndex Number R.Index Number R.Index Number
Eluant (35°C) (Kaufmann) (359C) (Keufmann) _(35°¢) (Kaufmann)

1 1.4750 141,2 1.4745 13741 11,4740 128,3

2 1,4753 140,.3 1,4750 - 1.4750 -

3 1.4753 - 1.4750 - - - L
ik 1,4758 2 1.4754 2 3 | e, -
B 1,4760 - " - % A ¥
;ﬁii_ 1.4770 - 1,4772 - 1.4775 -

 1,4820¢

= Acetone=soluble oill =

1.4810

-

-

13540

1.4810

a4z " "
28 " o

. -

- -
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1 el ey s

- o

116.7

55% of original o1l
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- The slight decrease in 1odine value during the
course of elution, particularly in the case of acetone-
soluble olls, s;age 1 and stage 2, is probably duse to
the influence of conjugation on the method of determina-
tion. BSince the most unsaturated fraction (adsorbed
strongly and eluted with ethyl ether) 1s highly conjugated,
‘the 1odine absorption values are low; whereas the lodine
absorption values of the more saturated fraction give a
more rellable indicatlion of the degree of unssturation,
The difference, however, in the i1iodine values and the
refractive indices of the adsorbed oils (fraction eluted
with ether) indicates that the most highly unsaturated
fraction of stage 1 has a higher degree of unsaturation
then that of stage 4. This would only be expscted 1f the
polymerization had_procéeded according to the level of
unéaturation in the triglyceridé molecule. Although the
technique used in the preparation and elutlon of these
columns was essentially the same, the results 1ndlcaté that
the chromatogram was more fully developed in the case of
the scetone-soluble oil obtained from the fourth stage of
polymerization. The probeble explanation is that the more
saturated oll facilitated elution of the unsaturated

glyoeridés with Benzin under the same conditlons.,
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II - PRODUCTION OF A "NON-REVERTING" SHORTENING

A. Polymerization and Solvent Segregation,

Since the problem of flavour reversion is encountered
in hydrogenated linseed and soybean oils and not in sun-
flower and cotton seed oils, it appears that "reversion" 1s
in some way esssoclated with the 1linolenic acid which com-
prises about 40% of linseed oil and 6% of sovbesn o1l end
1s not present in the latter oils., Lemon (30) nostulated
that the 1linolenic acid is saturated first at the 4 12, 13
double-bond to form an isomer of the common linolsic scid
which, when heated, gilves rise to the odoriferous product.
Armstrong and McFarlane (1) heated the oil at 230°C for
12 hours under an atmosphere of hydrogen but the quality
of the shortening obtained was not improved. However, with
a higher temperature and with carbon dioxlde bubblirg
through the oil during the heating period, volatlile obnoxious

products were eliminated end the shortening obtained A4id

not revert,

Since the presence of the polymerlzed frection in the
finished shortening is undesirable, the oil was segregated
with acetone to extract this fraction. Hence a process,
based on heat polymerization and solvent segregation, was
developed for the production of & non-reverting shortening
from alkasli-refined linseed oil, the first step belrg the

polymerlzation of the alkeli-refined linseed oll,
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The temperature at which the polymerization is carried
out 18 especilally important in obtaining the desired oil
for the preparation of shortening. If polymerization takes
place at temperatures above 280°C or atAtempefatures so
low that the perlod of heating is unduly prolonged, the
shortenings'dbtained are of poor quality. Some improvement
1s obtalned by using the acetone-soluble fraction of these
polymerized oils but they still do not meke good quallty
shortenings., The best oil 1s obtained by heating at
270-2750C for 12-15 hours. At this stage (A, Figure 5)
the whole o0ll has a refractive index of 1.4858 - 1,4861
end when segregated at room temperatures yields 60-65% of
acetone-soluble oll which has a refractive index of 1,.,4830 -
1.4834 (25°C)., If the segregation 1s carried out at 5°C
the yleld 1s about 10% lower and the refractive index 1s
1,4800 - 1,.,4804 (30°C). The refractive index of the origin-
el polymefized,oils and the acetone-soluble fraction of
these o0ils, will vary to some extent, depending on the value

for the original alkali-refined linseed oil.,

The continuous passage of carbon diloxide 1s an essential
condition in the process as 1t eliminates volatlle de-
compoéition products, including free acids. The oil is
characterized by a low acid value (0.5-1% as oleic acid) end
a pale yellow oolgur. The latter is a criterion of the
efficiency with which the decomposition products have been

removed, The volatile products represent about 5% of the
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original oil, TIf the oil 1s simply heated under carbon
dioxide the acid value of the product may be as high as
12% (as olelc acid) and obviously it will contain all the
de;omposition pfodécts. The shortenings obtained from such
oilsvare(of very poor quaiity. As previously mentioned, a
small portion, about 4%, of the polymerized oil is soluble
in 95% methanol at room temperature. This oil has s fishy
odour“and a deep brown colour, and apparently constitutes
a fraétion of the decomposition products.which 1s not
removed by the carbon dioxidg treatment, Tnsofer as
reversion 1ls concerned no appsrent advantage accrues from

gseparating this fraction prior to acetons segregation,

Be denggnatlon and Deodorization.

A}

No speclal treatment 1s required in the hydrogenation
of the processed olls and most of the commercial catalysts
which were tested gave sstisfactory results, The results
reported in Table 7 were obtalned with a catalyst conéisting
of reduced nickel on a silica-gel base (1l). This catalyst
1s prepared according to Hilditch (21), except that silica-
gel 1s used as the carrier instead of.Kieselguhr. The
course of hydrogenation at varlous temperatures as indicated
by refractive indices 1s illustrated in Figure 11, The

best shortenings were obtalned by hydrogenating to a refract-
1ve index of 1,4615 - 1,4605 at 600C (Table 7).
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TABLE 7 - Summary of Experimental Data on the Process for the Production of
an Edible Shortening (Alkali-refined Linseed 0i1l, Refractive Index
1.4795, Polymerized at 272-2750C for 14 Hours; Hydrogenated at
1700C to Different Refractive Indices).

Judgement
Polymerized Oils Shortenings of Pastr%&
Whole CeLone- Acetone- “Flavour Grade
01l Soluble Insoluble Consist- Revers- Compared
R.Index Yield# R,Index Yield# R.Index R.Index Color ## ency ion to
%un (25°C) (25°C) (25°C)  (60°C) Controls
O
Too Not so
i | 1,.,4859 60 11,4820 32 1.4890 11,4621 Slight yellow soft WNone### good
. 2 1.4860 62 1.4834 3D 1.4892 1.,4619 Very " " sof't " No discern- .
, ible 4iff, '&
D
3 11,4859 63 1.,4832 32 1.4889 1.4612 Pure white Good " No dlscern- '
ible difr.
4 ]1.4858 63 1.4831 o2 1.4820 1.4608 " " " " Fetter than
controls
Slightly No discern-
5 1.485659 62 11,4830 o ¥ 1.4888 1.4604 " " Hard " ible 4iffr,

# Percentage of original oill,
## Vot decolorized with adsorbent clays nor creemed,
# The decision of the panel was unanimous,
#HH Two commerical samples of shortening inclnded as standard of reference.

The pastry wes judged simultaneously for flavour, odour and texture by a
panel of 10 judges made up of graduate dletitians, hovsewlves and cooks.
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The shortenings were deodorized for at least three
hours using iuperheatad steam at 180-200°C and 5 mm,
pressure. It was sometimes necessary to refilter the
shortenings after deodorlzing so as to remove traces of
catalyst whieh passed through in the first filtration and
Imparted a dark colour to the shortenings. The data

obtained in flve typlcal runs are summarized in Table 7.

C. Toxlcity and Pancreatic Lipase Studies.

Toxlcity tests were carried out on both the acetone-
soluble oil and the alcohol-acetone segregated oil, There
appeared to be no difference in the behavior of these two
olls, Two toxlclity tests were made, the first with nine-
week o0ld rats (Table 8), and the second with five-week 01d

rats (Figure 12),

There was no evidence of skin lesions or diarrhoes
end the rats! coats possessed the healthy lustre expected
with e hlgh faot dlet. The olls were almost completely
odourless end tasteless'yet the feed intake was low indice-
ting perhaps that the olls were not paleteble. In the
second test the addition of molasses on the fifteenth day
aépeared to have some affect. Hoﬁever, the subnormal

growth may have been due to small amounts of toxie sub=-

stances in the shortenings.



TABIE 8 - Results of First Toxicity Test With Rats.

Initial Rody
Welght in Feed
Re.Index Grams 10th Day Gein Consumption

(25°C) Grams

- ( 125 135 10 113
Iinseed 011 ( 136 153 17 141
ke li- 1.,4791 ( 148 190 42 177

( 160 188 18 151

( 139 159 20 167

£ 270 193 23 144

( 167 165 -2 120

1.4820 ( 135 135 0 116

( 134 29 5 102

( 175 177 2 121

( 178 207 29 170

A ( 179 179 0 125
cetone 1.4820 ( 126 139 13 142
Segregated 011 ( 181 150 -1 139
* (-126 135 9 123
d Note: The group of rats on the linseed oil diet and

| "previously been fed a vitamin A deficient dilet,
; Thus, although they showed no vitamin A defilclency

the first rat in each of the other groups had

symptoms when they were put on test, the large

galns may be due in part to vitamin A,
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The action of pancreatic lipase on these oils was
studied to determine if they might be resistant to
enzymatic hydrolysis in vitro. The results are shown in
Teble 9,

TABLE 9 = Results of Tests of Activity of Pancreatic
Llpase with. Polymerized 0ils as Substrate.

ee of Hydrolysis at Varyin Times
esu 1ts expressed in ml1,0,IN.NgOH)
Substrate
SR 25 min, 50 mir, 106 min,
Linseed 011 7.4 10,7 17,3
n " 7.4 10,7 15.8
Acetons-soluble 01l 10.6 10.3 12,0
" " " 10,2 10,8 12,1
Olive 01l i 10.1 10.9 16.2
n " 9,8 11,2 15.8

- o~

-y

Although the results are comparative rather than
absolute, they indicate that the rates of hydrolysis of the

acetone-soluble oils, untreated linseed and ollive oils, are

approximately the same.
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IIT - PRODUCTION OF AN -IMPROVED DRYING OIL

The drying of olls to form tough, adherent, impervious
£11ms involves both polymerization and oxidation, Since
the reactions involve unsaturated double bonds, the film-
formﬁng propertles are closely related to the degree of
unsaturation, If, however, the polymerization process 1s
initiated by heating the oil prior to mixing into paint,

the drying time 1s accordingly shortened.

The poiymerized-fraction of the oll, segregated out
in thé process-for the production of an edible shortening,
comprises as much as 40% of the original oil, Since 1t
eorresponds to the more unsaturated fraction of the original
linseed oll 1t s value as a paint and varnish oll was
studleds Under "the conditions of polymerization the oll
has s pale yellow co}our which is a very lmportant factor,
particularly in the manufacture of light coloured palnts,
The scld value 1s less than 1% which is also importent, for

éxample, in the manufacture of certain types of enamels,

Tt was found that the polymerized fraction can be
furthér segregated by means of acetone into a number of
0oils of different viscositles or bodles from K to 26 Gardner
units. Since olls of varying viscosities are desired by
the drying oil industries these oils can be used for various
purposes, In preliminary studles tests were conducted on olls
which had been polymerized at 265, 270 and 275°C, and solvent

secraoatead to obtain fractions showing a range of viscosities,
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The results (Table 10) show that the temperature of

polymerization has no influence on ‘the drying properties,
end although there 1s a wide range of viscositipé, there 1is
no difference in the drying times when ib driers are added,
The differsnce in drying time betwsen the nrocessed oils
énd the commercial sample is also not considered significant,
The processed oils also compare favourably in other respects
with the commercial oil and, with one exception, are graastly
superior in color (Table 10).

To carry out a more extensive.study, a larger sample
of oil was polymerized at 270 £ 0.5°C,, and fractionated by

the batech process according to the following scheme: -

Polymerized 01l

(122 hours ~+ 2707)

First Segregation
(Acetone: o1l ratio 8:1, temperature 5°C)

N
Acetone-soluble 0i] i
_(Mhortening™ 011) #1 Acetone-insoluble 01l

|

Second Segregation
(Acetone: oil ratio R:1, temperature 5°C)

\! | | ¥
#2 Acetone-soluble 0il Acetone-insoluble 011l

Third Segregation
(Acetone: o1l ratio 8:1, room temperature)

r 1

#3 Acetone-soluble oil #4 Acetone-insoluble 011l
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Jhﬂihip Between Gerdnsr-Foldt Tnits
Viscosity, Geardner TUnits for Colour
1 Thelr Respective Absolutas Valnes,

Colour
Gream of Potassium
Gardner dichromate per
Tnits 100 ml,conenHoS0y
T e 1 0.0039
2 0.0048
3 00,0071
= 0.0112
5 00,0205
6 00,0322
2 00,0384
8 0.,0515
9 0.,0650
10 0,0780
11 0.1640
12 0,250
13 0,572
14 . 0,763
15 1,041

1.280

-
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The results (Tables 12, 13) show that o1l #4 1is
the best paint and varnish o1l and is superior in all
respects to the commercial polymerized, solvent-extracted
oll as s varnlshbingredient. The acid value of this oil
1s less than 0.5% as oleic acid and, hence, is far below
‘the upper 1limit allowed by government specifications, This
1s important in the manufacture of paints and varnishes as
the tendency to "liver up" 1s reduced to a minimum. The
Qterm "liver up" 1s used bf the paint and varnish chemist
to deﬁote the formation of solid clumps or particles which
ere formed by the interaction of metal driers and nigments
(eegs zinc oxide) with free acids. For the manufacture of
iaints and varniéhes, olls of a high body are preferred.
However, in the leather and the protective coating industries
oils with a low body cembined with fast drylng and low
colour index are desirable, Hence, o1l #4 would be most
desirable for the manufacture of paints and vernishes,
whereas oill #3 would be preferred by the leather and protect-

lve coating industrles,

As has been indicated previously, liquld-liquid extract-
ton can alsé be employed for solvent seareaation and olls
with a wide range of properties can be obtained. The non-
polymeric fraction of the oil is extracted readily. - The
polymeric fraction of the oil 1s segregated on the basis of
moleculmr complexity. The low viscosity fraction 1s
extrﬁetedslowly and the highly viscous portion is insoluble
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y Metal Naphthenate Drying Time q
: Gardner-Holdt  Drier DR 7
_(309¢ Units (% Metal) 71 Hours 16 Hours
i I e ( 0,10 Mn 0,08 Co Pasky DR oo PRRRSE |
- 1.4860 W-X ( 0.24 Pb 0,03 Co Tacky “Almost dry Doy o
( 0.20 Pb 0,02 Mn Tacky Almost dry Dry
| ( 0,10 ¥n 0,08 Co Tacky Almost dry Dry
1.4822 ¥=-T ( 0,24 Pb 0.03 Co Tacky Almost dry Dry
( 0,20 Pb 0,02 Mn Tacky Almost dry Dry
( 0,10 Mn 0,08 Co Almost Dry Dry
1.4840 i ( 0.24 Pb 0,03 Co Tacky Almost dry Dry
- ( 0,20 Pb 0,02 Mn Tecky Almost dry Dry
( 0.10 ¥n 0,08 Co Almost Dry Dry |
1.4916 Z4-Z5 ( 0,24 Pb 0,03 Co Tacky Dry
( 0,20 Pb 0,02 ¥n Tacky Dry
#-Samples designated "almost dry" may be considered "dry" after another hour,



Tack After -
24 Hours Colour

-

Overnight Very slight

2 23 Oovernight S1ight 9-10 A- Med. Tough :

3 2 Overnight Very slight 2-10 A= Tough i 3

4 1 5 Hours Nil 10 D=F Very Tough f
Stmdard# 13 7 Hours Very slight 11 D Tough

#-The standard oll in these tests is one of the best commercial, polymerized
aolvent-extractdd olls.
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and 1s recovered from the extractor. Thus, the whole oil
is readlly segregeted into three fractions: (a) An oil

for the manufacture of shortening, (b) A low bodied oil
whichris ;xtracted slowly and is sultable for use as a
dﬁylng 0lil in the leather and protective coating industriles,
end (¢) A high bodied acetone-insoluble o0il with desirable

propérflgs for the paint and varnish industry.
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GENERAL DISCUSSION

The primary aim of thils investigation was to establish
the oﬁtlmum conditionslof heat polymerization and solvent
segregation of 11n$eed 011l for the production of a "non-
reverting®, edible shortening and an improved drying oil.

The preseﬁce of iinolenic acid in the edible fraction is
most undesirable, whereas it is obviously advantagéous to
‘have & high content in the drying oil fraction. Therefore,
the process of polymerization is carried out under conditions
which permit the highest degree of selectlvity Iin the solvent
gsegregation, The maln difference between this process and
that now in use in industry is that in the latter high
temperatures (300°C and over) are employed to speed up the
reactions and increase the rate of production and yileld of
the polymerized oil, Furthermore, it is not general practice
to pass an inert gas through the oll durling heating as

has been found to be very important in our process. It
would appear that our process could be readily adapted to

industrial practice.

The nature of the refractive index curve (Figure 5), and
the rélationship between unsaturation and the refractive
indices (Figure 6), indicate that the polymerizetion reactions
take place in a definlite sequence. This 1s most apparent

at the lower temperatures, Study of the polymerization



-76~

Teaction leads to the conclusion that this sequence of
reactions 1s highly selective. The selecﬁlvlty eppears
to be related to the level of unsaturetion in the tri-
glyceride moleculs. Evidence supporting this postulate
1s to be found in the results of the solvent segregation
studles, fractionation of the fatty acids, ultraviolet
absorption spectra and chromatographic analyses., Ultra-
violet ab§orption data also indicate that subeequent as
well as p;imary polymerization reactions take place by =
‘diene éddition mechanism, This appears to involve the
further conjugation of double bonds after the primary
polymerizatioﬁ, because the decrease In conjugation does

not parallel the increase in the degree of polymerization,

The;nature of the reactions are further elucidated
by a consideration of the molecular welghts of the acetone-
insoluble oils and thelr content of dlbasic acids., The data
show that the reactions must proceed lntramolecularly as
well as 1ntarmolécularly. »The molecular welights of the
acetone=-insoluble oils slso indicate that the predominate
structure of the fiyst stage polymers is a dimer and at
subsequent steages mixtures of dimers, trimers and perhaps
some tetramers, Hence, 1t appears that a succession of
reactions are 1nv61ved in which the most highly unsaturated
triglycerides are polymerized first to form dimers, then

trimers, and so on until gelation occurs. Similtaneously,
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intremolecular reactions take place to give very complex
molecules., This explains the great range of properties
of the oils which can be solvent segregated on a basis

of the varying complexity of the molecules,

The acetone-soluble oil from which a "non-reverting"
shorténing can be produced is obviously noﬁ-polymeric in
nature., The absence of linolenic acid In this fraction
18 indicated by the fact that the hexabromide test was
négativeo Thls would seem to confirm the assumption that
linolenic acid is the precursor of the reversion products
(1,30)., However, all the scids have probably undersone some
changé In the course of the process, This i1s indicated by
the veryvpronounced Inerease 1n dlene conjugation and the
presence of so0lld unsaturated acidse. The effect of these
changes on the nutrlent value of the shortening and the
possibllity that toxlc substeance may be present, 1s being
further investigated at the present time, It has also been
.found that the acetone-soluble fraction of the polymerized
01l undergoes enzymatic hydrolysls as readlly as natural
vegetable 0ils, The shortenlings prepared from this fraction

compare favourably with the best commercial brands insofar

as the making of pastry 1s concerned.

It has been shown that the segregetion of a non-

polyméric oll for the manufadéture of shortening and an im-

proved drying oll can be greatly facilitated by a process
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involving 1liquid-1lliquid extraction. The 01l for shortening
1s readily soluble and can be extracted at low temperatures,
thus ensuring a well-defined separation from the polymeric
fraction., Since there is a demand for drying oils with
varying viscositlies, the polymeric fraction can te firther
segregated to yileld the exact type of 0il required by
industry. The excellent colour, low acid value, quick-dryling
and range of viscosities of these olls makes them superior
to the best commerciel, polymerized solvent-extracted olls,
Certaln of these oils are preferred for thg marmfecture of
paints and varnishes, whereas others meet the requirsments

of the lesther and protectlive coatirg Industries,
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SUMMARY

From the physical and chemical analyses of the products
of polymerization, the suggestion is advanced that at
the lower temperatures of polymerization the reactions
proceed 1n a selective manner according to the level

of unsaturastion in the triglyceride moleculs.,

The most highly unsaturated triglycerides, followed
éuccessively by those of lesser unsaturation, pass
through‘a definlte sequence of reactions to form
dimers, trimers, tetramers, etec., until finally gela-

tion tekes place.

The reactions are intramolecular as well as inter-

molecular and give rise to highly complex molecules,

Observetions on the mechanism of both the primary and
subsequent polymerization reactions of triglyceride
molecules agree with the modern theories of polymerize-

tion, including Scheiber's isomerization theory (44,45).

The optimum conditions have been established for the
high temperature polymerization and solvent segregation
of linseed oll to produce a "non-reverting", edible

shortening. The best oil 1s obtained by heating et
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270-275°C for 12-15 hours, while carbon dioxide is
continuously passed through the oll. Under these
conditions the polymerized oll has a refractive index of
1.4850-1.4861 at 25°C and ylelds from 50-60% of an
acetone-soluble o0il, the yield depending on the method
of segregation. The refractive index of this oil is
1,4820-1,4830 at 25°C and the acld value 1s less than
1%, calculated as oleic acid. Ple crusts containing
sﬁortenings mede from the acetone-soluble fraction of
the o1l have been judged to be of good quality. The
best shortenlngs were obtained by hydrogenating to a

refractive index of 1.4615-1,4605 (60°C),

Although the shortening prepared from the ecetone-
soluble oills does not revert, it 1s unpalatable or toxic
to rats, although 1t is readlly digested by lipase
in-vitro. This problem is belng further 1nvestigated
by the Nutrition and Chemistry Departments of VMacdonald
College.

The polymerized fraction, which 1s separated from the
shortening oil by 1its insolubllity 1n acetone, can be
further selectively segregated with acetone to give
olls of widely different properties. Thelr excellent
colour, low acid value, quick-drying and wide range

of viscosities makes these oils superior to the best

commercial, polymerized, solvent-extracted olls,
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CLAIMS TO ORIGINAL RESEARCH

Development of a process for the production of a
"non-reverting" shortening and an improved drying
01l from linseed oil, based on selective polymeriza-

tlon and solvent segregation,

Evidence that the polymerization of linseed o1l takes
place selectively at the lower temperatures (260-280°C)
according to the level of unsaturation ln the tri-

glycerlde molecule.

Evidence that the more unsaturated triglycerides are
polymerized first, followed by those of lesser un-
ssturation through a sequence of reaction to form

dimers, trimers, tetramers, etc., until finally

gelation occurse.

Modification of the Twitchell lead salt-alcohol
procedurse (52) for the isolation of dibasic acids

from highly polymerized linseed oll,
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