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For the sake of clear exposition of the subject,
the thesis has been divided into two parts as follows:-

PART 4: Modification of Nickel Catalyst for
the Hydrogenation of Vegetable 0Oils,

* ek

PART B: Application of N-Bromosuccinimide
for the creation of conjugation in

Fatty acids and oils,
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S U_M M a_RY,

PART 4,
HYD! ON G! 4}

The vanaspati industry is the second biggest food-
processing industry in India, The country produces more
than 2,60,000 tons of vanaspati every year. Besgides
satisfying the entire internal consumption, the material is
also exported to United Kingdom and some other countries,

In its manufacture, it is absolutely ossontiai to avoid any
considerable formation of saturated acids and to build up
low temperature body, mostly through the rormatibn of iso-
oleiec acids, These aconditions are only attained if the
process of hydrogenation is of selective nature, The
selective hydrogenation is also necessary for the stability
characteristics of the product, Nickel in the form of
forimate is almost entirely employed for the preparation of
catalyst for the hydrogenation of oils, The processes of
manufacture of Rkigh grade type of catalyst from this salt
are, 'owever, kept secret and large quantities in the past
and substantial amounts even at present are imported in

the country, The method of the preparation of the
unsupported nickel catalyst from the formate salt were first
studied and the conditions of hydrogenation of some of the
more important olls were determined, As a result of this work,

the following conclusions were drawn,



1) The unsupported nickel catalyst prepared by
the wet reduction process of the formate at 460°-470°F has
been found to give the hydrogenated product of maximum
selectivity and desired consistency.

2) 4 hydrogenstion temperature, 176°-182°C and
pressure, 85-90 p,s.i. with nickel concentration, 0.2 per cent
on the weight of the 0il has been found to give the desired
product.,

3) A highly unsaturated oil like linseed oil may

not give a product of desired consistency.

4) The hydrogenation of oils containing materials
whieh péison the catalyst such as mustard oil is better
accomplished if a part of the catalyst is added first, removing
it after sometime and adding the fresh catalyst again,

5) Out of the various oils studied for hydrogenation,
groundnut and cottonseed oils were found quite satisfactory

for vanaspati manufacture,

6) The re-usage of the spent catslyst may be limited
to three or four batches of this oil, Even these batches
may be mixed together in order to get a uniform product,

Various supports for the preparation of nickel
catalysts were investigated, It has been found that a
nickel catalyst supported on limited amounts of neutral
carriers of the type hyflo-supercel or decolourising carbon
(2:1) is preferable for increasing the rate of hydrogenation
to the unsupported one,



4s nickel formate has to be imported and also
in view of the fact that an economic process has been
developed in this laboratory for the recovery of nickel
from spent hydrogenation catalyst in the form of its basic
carbonate, hydroxide or sulphate, the utility of such cheaper
salts of nickel as alternative to nickel formate for the
preparation of the catalyst for vanaspati industry has been
investigated, The basic carbonate of nickel prepared from
the sulphate in concentrated solutions and supported on a
neutral carrier such as hyflo-supercel when reduced under a
moderate pressure of 100 p.s.i, at a temperature of 255-260°C
by wet process gives a catalyst by the use of which a
hydrogenated product of satisfactory consistency and
selectivity can be obtained, The time of hydrogenation is,
however, somewhat more than that required by the use of
catalyst derived from nickel formate, It has also been
found that if the precipitated basic carbonate of nickel
before filtration is washed with a large amount of water
continuously, a catalyst of improved quality is obtained,

The presence of gome metals in small amounts in
the nickel catalyst is known to promote the rate of
hydrogenation of various oils and also influence the selectivity
of the process, These catalysts, however, are prepared by
dry-reduction process giving pyrophoric products which are
not very suitable for the oil hardening industry, Some
metals were co-precipitated with the basic carbonate of
nickel and the catalysts from these salts prepared by wet
reduction process under hydrogen pressure as given above,

It was found that by this procedure excepting chromium,



silver and molybdenum, all the rest retarded the rate of
hydrogenation of the oil, Some preliminary studies

indicated that a process of continuous washing of the
co-precipitated basic carbonate of nickel and chromium gave a
catalyst which almost compared in its property to that obtsined
from the formate salt,

While the above work was in progress, a search
was made to find an easy and accurate laboratory method for
the estimation of trans-isoolelc aclds in the hydrogenated
fot|; as an alternative to the infra-red Speétrophoto-etric
method, the equipment for which is not always available, As
a result of analysis of a large number of ssmples of hydrogenated
fats it has been found that the Twitchell lead salt alcohol
procedure as modified by Cocks, Christian, Harding (4nalyst,
1931, Vol,§6, pp.368) may be recommended as an alternative
procedure for the determination of trans-iso-oleic acids
in the hydrogenated fats, where a more accurate infra-red

procedure is not available,

Ziegler and his co-workers have shown thst a

hydrogen atom on a methylene group adjacent to an ethylenic
double bond may easily be replaced with bromine by mesns of
N-bromosuccinimide, Beyond an attempt by Teeter to introduce
bromine in the allylic position in methyl esters of soybean
fatty acids and methyl linoleate and Schmid and Lehmann to
brominate methyl elaidate and methyl brassidate, little is



-ed
report,in the literature on the application of
Nebromosuccinimide to fats and their fatty acids,

In this thesis, studies on the allylic bromination
of methyl esters of oleic, petroselinic and erucic acids
with N-bromosuccinimide have been carried out, The thermal
dehydrobromination of the products have led to the syntheses
of the corresponding conjugated fatty acids (yields 30-40%).
Bromination of these acids with equimolecular proportions
of N-bromosuccinimide leads to the substitution of bromine in
the allylic position at the carbon atom farther from the
carboxyl group. Similar treatment of stearolic and
behenolic acids with N-bromosuccinimide followed by thermal
dehydrobromination results in the introduction of a2 double
bond in conjugated position to the triple bond initially
present, The excess of N-bromosuccinimide with mono-
ethenoid acids and subsequent thermal dehydrobromination

gives a mixture of diene and triene conjugated acids,

This work was extended to 9:12-linoleic acid,
Parallel experiments with the di-ethenoid ascld resulted in a
mixture of fatty acids having diene, triene, and tetraene
conjugated double bonds,

When the process vas applied to glyceride oils
like mustard, groundmut, olive, karanja, neem, tobacco and
safflover oils, the thermal dehydrobromination was found to
lead to gelation and the treatment was consequently carried
out successfully by the use of pyridine, quinoline or 2:4:6-



collidine, The conjugation has been characterised by
the measurenent of ultra-violet absorption spectra, iodine
nomber and diene value, The film of all the treated oils

dried in wrinkled patterns,
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INTRODUCTION,

BOLE OF CATALYST IN THE HYDROGENATION OF OILS,

4 CKEL ST.

*
ce of h H

Hardening of vegetable and marine oils by means of
catzalytic addition of hydrogen to the ethylenic linkages is a
process of great significance in modern oil and fat
technology. The process has proved of much Qcononic and
technical import:nce, In this process, the properties of
glyceride oils are modified in such a way that their edible
characteristics remain unimpaired, The hydrogenated oils are
purer and more stmble than liquid raw oils, They possess

definite desirable properties and have attractive appearance,

Hydrogenation serves the primary objective of
coaverting the more plentiful liquid oils into plastiec fat
products like margarine, vanaspati and the various types of
shortenings, Through this process, many oils and fats have
become quite suitable for edible purposes, For instance, the
large scale production of hydrogenated cotton seed and other
vegetable oils hsve replaced expensive hog and beef fats in
dmerica andVatviowusBuropean countries, Similarly vanaspati
mede from groundnut and cottonseed oils has become more or
less a substitute for more expensive cow and buffalo ghee in
India,

Hydrogenation is frequently employed for the
improvement of the consistency or stability of vegetable oils
and animal fats, The importance of the process has

considerably increased during the last two or three decades,



Varieties of products for example lard: stearin, margarine,
hydrogenated greases for soap making, etc, are manufactured by
this process, It has also been extended in the manufacture

for certain non-edible fat products, for example, artificial
waxes, lubricants, etc, The process has helped, in particular,
the scap industry, There the hydrogenated low grade oils

have been employed, Moreover, this has enabled the release

of costly oils like coconut oil, edible animsl fats and drying
olls for other purposes with the added advantage that the

soap products are quite firm, free of rancidity and have

desired properties,

In Industry, the course of hydrogen=ztion is
controlled to manufacture products having specific
characteristics like melting point, plastic range, titre
value, refractive index, ete,, in accordance with the

reguiresents of the trade,

Hydrogenation also serves another important objective
of improving the keeping cuality of edible oils, The
process reduces the more unsaturated linkages which are
susceptible to oxidation, Thus it improves the resistance
of fats and oils to deterioration through oxidation, flavour
reversion, or polymerisation., In the production of hydrogenated
fats, many incidental benefits for example, the removal of
colour, destruction of peroxides present in liquid oils, etec,

are attained,

Hydrogenstion brings about various changes in
physical and chemical characteristics of glyceride oils, It
changes the amount and nature of the fatty acid constituents

of the oils, depending upon the conditions of hydrogenation such



as temperature,pressure, catalyst concentration, ete, The
iodine value of the oil décreasos as the hydrogenation
proceeds and physical characteristics of the hydrogenated
products like titre value, melting point, refractive index
etc, are accordingly altered, The physical and chemical
properties of the final product depend upon the types of
glycerides formed, Further it may be added that these
characteristics are affected by the isomerising influences
accompanying the reaction which are essentially governed by

the conditions of hydrogenation,

YaNASPATI INDUSTRY IN INDIA.
The vanaspati industry in India is not very old

when compared with sugar and textile industries, It started
on a stall scale after the world wary but it rapldly developed
during and after the Second World War, In 1935, the
productioh of vanaspatl was 18,000 tons, in 1966 it

reached a little over 3,50,000 tonms, In other words,
production increased twenty fold in the space of twenty years,
To-day, next to the sugar industry, it is the largest food
processing industry in India, Nearly Rs.26 crores have been
invested into it. But so far the development of vanaspati
industry has not given any impetus to the establishment of
nickel catalyst industry in the country, In dmerica and other
Europesan countries,its development was witnessed during the
rapid growth of hydrogenation industry, The o1l hardening
industry in India consumes sbout 3,000 tons of nickel formate
atnually, But all this catalytic material is imported either in
the form of ready made catalyst or as dihydrate formate salt,
This results into a loss of foreign exchange of the value of
rupees two crores, Much can be done if nickel formate is

manufactured in India, This, however, does not seem to be



quite feasible in the near future because foraic acid is not
produced in the country,

The oil hydrogenation industry is of consideratle
significance in the context of the present shortage of food
in the country, 411 these considerations ,therefore warrant a
search for an alternative cheaper salt of nickel which can be
utilized for the manufacture of nickel catalyst and e=n be
prepared in the country,

Hydrogenation began to be recognised as one of the
major methods of chemical technique as early as 1897, This was
due to the classical researches of Sahcticrl and his co-workers
on the process of hydrogenation in the vapour phase, This led
to the general introduction of this method into industry and

laboratory research,

Norman> later discovered that liquid marine and
vegetable oils could be converted by this method into hard white
fats, A year later the use of high pressure was introduced in
the process o hydrogenation, This combined with the use of
nickel catalyst has brought about a high state of development
in the methods of hydrogenation,

211103 reviewed the early work on hydrogenation
catalysts in 1930, Since then nickel has becoge the pre-
eminant catalytic metal without having any satisfactory
substitute, Catalysts prepared from platinum or palladium are
highly active, but unduly costly and platinum, in addition,
ylelds products of less desirable characteristies than nickel‘.

In fact, no catalyst other than one based on nickel for



hydirogenation of ethylenic linkages in fats is available®,
Hovever, nickel catalysts are frequently promoted with other

metals or metal oxides,

The hydrogenation system of glyceride oils with
solid nickel catalyst is a typical example of heterogeneeus
catalysis, Nickel being a solid catalyst, it performs the
catalytic function through the nature snd extent of its surface,
Hence the surface phenomenon or the catal!yst structure has become
extrenely important in hydrogenation, The characteristics of
nickel catalyst is determined by the sub-microscopic

character of its snrfacoe.

Nickel catalyst has got a definite influence upon
the glyceride composition of the reaction products, Different
nickel catalysts manufactured under diverse cenditions glve
products of ‘ifferent glyceride composition, Thus activity
and selectivity of nickel catalyst are its important properties
to decide the course of hydrogenation, The selective nature
of nickel catalyst plays an important role in the hydrogenation
of oils and fats, where one catalyst may product more iso-oleic

scids than the othor’.

SELECTIVITY IN HYDROGENATION

The term "selectivity" means the preferentisl
saturation of the more highly unsaturated components to the
less unsaturated ones. Thus the term “selectivity" has often
been used to describe the preferentisl conversion of linoleic
acld to oleic acld or its isomers in mixtures Where the
mixtures of both these unsaturated acids free or combined, are
hydrogenated, After the whole of the linoleic acid is changed,

the mono-ethenoid acid then gets converted to saturated acids,
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During hydrogenation of oils containing oleic and/or
polyethenoid acidis, both positional and geometrical isomers of
oleic acid and possibly alsc of linoleic acid are formed,
Several investigators have established that both t&pos of

isomers are present in partially hydrogenated oils,

B&ner7 was the first to investigate the phenomenon
of selectivity, He concluded that during hydrogenation of oils,
the fatty acids containing two or more double bonds get
saturated before oleic acid starts hydrogenating, Shortly
afterwards Burchonol8 gave the idea of controlled selectivity,
which means that the preferential saturation of double bonds
can be controlled by selecting the conditions of hydrogenation,
Since then a nu ber of extensive investigations on the
preparation of catalysts having desired selectivity have been

reported in the literature,

H.K.Hoorc9 and associates inferred that the
hydrogenation process was selective; 1linolein passing to olein
before any appreciable amount of olein was hydrogenated iato
stearin,

Bailey and Fisher:©

studied the relative
reactivities towards hydro-enation of the di and tri-ethenoid
acids in hydrogenated cottonseed, soybean and linseed oils,
The; recognised that hydrogenation reaction is inherently

quite selective but the selectivity is never perfect,

Boolhauvorn studied the displacement of the double
bonds of meth,1l esters of oleic, elaidic, petroselinic and
linoleic acids during hydrogenation. He proved the formation
of large amounts of positional isomers, Migration of the
double bonds in both directions took place, but it was strongly
pronounced in a direction opposite the ester group,



NATURE OF THE HYDROGENATION PROCESS.

Armstrong and Hilditch12 studied the mechanisa of
hydrogenation in liguid phase. They concluded that hydrogena-
tion under these conditions at a surface of metallic nickel
is to be considered as affected by the temporary ualon of
the unsaturated organic compound and of hydrogen with nickel,
followed by a break down of this intermediate complex to yleld
a fatty acid radical of increased saturation plus the free

nickel catalyst,

"hey also put forward the view of catalytic
hydrogenstion and dehydrogenation in the liquid state, On
the basis of this theory they have explained the formation of
various iso-oleic acids during the hydrogenation of unsaturated

glyceride oils,

Allen and Kiessl3 published an important finding
that during the hydrogenation of octadecenoic acids, migration
of the double bonds occurred equally in each direction. The
nositional isomers that are formed are composed of the 1:2
equilibrium mixture of cis and trans, They suggested that a
nartial hydrogenation and dehydrogenation theory may be applied
to explain the simultaneous formation of both positional and

geometrical isomers,

TYP:ES OF NICKEL CATALYETS
Catalysts for the hydrogenation of fats and oils
can be classified in different ways, (2) According to one
classification, the terms "wet reduced" and "dry reduced" are
employed depending upon whether or not reduction of a nickel
salt is carried out while it is suspended in o0il, (2) Catalysts
are also classified as "supported type" and "unsupported type"




whether or not they are supported on an inert and refractory
carrier like diatomaceous earth, (3) Then catalysts have
been classified according to whether or not the cstalysts are

promotedl‘ by other suitable metals,

Manufacture of the nickel catalysts: There are three
principzl methods of preparing nickel in = desired dispersed

and gcti e fornls’le.

The first involves precipitating nickel carbonate, or
nickel hydroxide from solution of either chloride,sr nitrate
or sulphate of niekel, Supports in the form of siliceous
material like diatomaceous earth can and frequently are added
during preparation of the catalyst, The resulting powder
is reduced at a high temperature (370° to 540°C),

In the second method of catalyst preparation, generaily
termed "wet reduction";a finely powdered nickel salt like
formate is suspended 1in oil, It is heated to a temperature
sufficient to decompose theé salt under stnosphere of
hydrogen which carries away volatile decomposition products,
The reduction temperature is not allowed to exceed 240°C.,to

avoid thermal decomvosition of the oil,

The third process of catalyst prepsration is the
vell known 'Raney method' where nickel aluminium alloy is

employed. The material is commonly called "Raney nickel",

The catalyst preparation thus has become a specific
problem, The precipitated type of catalyst requires great
care in carrying out many operational details, Factors which
influence the final product include the selection of the type



precipitant, relative quantities of reactants, solution
concentrations, method of adding resctants, temperatures,
washing and drying procedures, etec, The material after dry
reduction, is highly pyrophoric and is suspended in oil before
it gets exposed, Even with all these precautions, absolute

uniformity of the product 1s hardly asttained,

The charscteristics of the wet reduced nickel catalyst
are influenced by the conditions of preparation, especially
the temperature at which the nickel salts zre used and salt of

nickel used for the preparation of catalyst,

lation 1 i of
4 large part of the technology of hydrogenstioh

deals with the control of hydrogenation conditions with a view
to obtain the proper balance between saturated (stearic) acid
and iso-oleic acids formation, The hydrogenation of oil to a
low iodine value to yield hard oil or stearine is the simplest
of hardening operations, There the factors of selectivity and
iso-cleic acid formation are not involved, But in the
preparation of different hydrogenated food products, the
optimum seleetivity increases in the order: ordinary
shortenings, high stability shortenings (frying fats) and
margarine oils, The characteristics of vanaspsti are very
similsr to those of marg-rine oils, It is relatively firm at
room temperature but substantially free of glycerides which
generslly do not melt at the temperature of the mouth i.,e,
melting a2t about 31n°dz In its manufscture, therefore, it is
absolutely essential to avoid any considerable formation of
saturated acids and to build up the required low temperature
body largely through the formation of iso-oleic acids,
Selective hydrogenation is equally necessary for the stability
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of the product., With the same fall in iodine value, a
non-gelective catalyst will allow a substantial anount of
linoleic acid to remain in the product resulting in its early
oxlidation and spoilare, Such s product will have a poor

consistency at low temperature,

In practice, the quantities of ssturated acids and iso-
oleic acids produced at a specific lodine value or a linoleie acid
content are of paramount importance because of the effect of
these two acids on the consistency of the fina} product,

Different catalysts have been found to give different amounts
of iso-oleic acids at the same level of saturated acid forma-
tion and very low catalyst concentration of catalyst tend to

meke both saturated acids and iso-oleic aeids high,

From the above facts, the necessity of finding a
suitable nickel catalyst and the most favourable conditions
of hydrogenation with a particular sample of the catalyst to
get the desired quality of the product is a natural conclusion,
Further in the course of such an investigation, 1t seemed
desirable to compare the relative merits of different forms of

nickel catalyst prepared under different conditions,

The actual procedures employed for the manufacture of
catalysts have generally been kept secret, Moreover very
large quantity of nickel catalyst used in India is prepared
from nickel formate, Until recently, the cstalysts employed
for fatty oil hydrogenation were invariably manufactured by
the individual oil processor for his own use, But of late
years ready made imported catalysts of good guslity like



1"

'Rufert nickel catalyst flakes" have become available

and they on account of severasl advantages are becoming very
popular, As nickel formate and several rcady made catalysts
have to be imported and also in view of the fact that an

economic procell17’18

has recently been developed in the
National Chemical Laboratory for the recovery of nickel from
the spent hydrogenstion catalyst in the form of its basic
caerbonste, hydroxide, or sulphate, it was considered of
inter-st to carry out the research work on utilisation of
alternative cheaper salts of nickel in the preparation of

the catalyst for the vanaspati industry,

The investigations carried out by the author in

these directions are reported in the succeeding chapters,

Lt
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Nickel catalyst prepared by the pyrolytic
deconposition of nickel formste using wet reduction process
gives one of the most widely used material for the hardening
of glyceride oils, dickel formate is one of the simplest

nickel salts available for the mamufacture of nickel catalyst,

Sabatier} fostered hydirogenation 1n.the vapour
phase, He used nickel catalyst made by dry reduction
process, Norman® put similar dry-reduced catal}st in liguid
oil, He fdund that thé activity of nickel was not destroyed
although nickel was imrersed in liguid medium, In fact,
it was Norman? who first added hydrogen to oil and made oil
hardening industry a practical proposition. But the
industry was faced with lnnumerable difficultics in the
preparation of dry-reduced catzlyst on a large scale, A
tremendous advahce in simplicity of catalyst production and
freedom from the hazards of explosion due to pyrophoriec
oxidation vas maede when the method of wet reduction was
developed and introduced by Ellis>.

The wet reduction process is distinguished from
dry reduction one by the fact that the catalyst is formed in
0il meiium, From the time of the wet reduction process has
become known, nickel formate is extensively used as the raw
material for preparing the catalyst, Nickel formate has got
many a:vantages, The main advantage is the ease of
preparation of the catalyst from it, The salt is simply
heated in the o0il to be hydrogenated thus eliminating the need



s

for a hazardous dry-reduction furnace, Out of other
advantages, a few may be mentioned such as the activity of
catalyst prepared from formate is reasonably uniform, the
selecti ity of such a catalyst is good, the formation of

{somers during hydrogenation is not excessive and the catalyst
is less affected by the presence of scap, albuminous,
mucilaginous and pectic substances initially present in the oil.
These impurities considerably affect the JSry-reduced catalyst
from nickel carbonate precipitated on diatonaqeous earth but

the formate produces a relatively active catalyst,

The formate catalyst has got a few disadvantages too,
The nain draw-back is the formation of colloidal catalyst,
even when close attention is paid to the details of its
preparation, Complete filtration of such a catalyst from
hydrozenated cil even through the bed of diatomaceous earth is
difficult, This imparts a dark colour to the finished
product, Therefore, the hydrogenated oil with nickel
formate catalyst always requires secondary treatment with

caustic soda and bleaching clay,

The decomposition of nickel formste dihydrate on

14
heating has been explained to occur in the following two ways .

—N[ (HC00); 2H0 —° N+ 200, +Hyt QM0

NC(HC00)3 AH,0 — Ni+ (0 +CO+3H 0~ ~ 11

Water of crystallisation begins to come off at about 150°C.
Decomposition of the formate itself ocecurs over the

5
temperature range of 1700-2400.‘ According to Dean the
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main reaction is that given by equation I, If the
temperature of the mixture is raised to 240°C too rapidly,
the thermal decomposition of formate takes place aceording to
the equation II and the catalyst produced is poisoned by
carbonmonoxide,

4 typical plant scale preparation of catalyst from
nickel formate has been described by Wur-ter4. According to
this procedure, the same 0il which is to be hydrogen:ted is
placed in 2 reducer admixed with nickel formate, Usually a
ratio of one part of nickel salt to four parti of oil is
kept, Hydrogen is introduced st 130° and the decomposition
bezins at 150°C, The reducer is kept vented ail the time,
The water of crystallisation escapes vigorously around 190°c,
The oil starts to harden when the steam is driven off, The
temperature rises rapidly to 2td°-25000, when the oil
smokes considerably, In order to get good activity, the
charge is maintained at this temperature for half to one hour,
depending upon the age of the nickel salt because it is reported
that the freshly precipitated salt reduces rapidly at low

tenperatures,

It is cluilcde that the reduction of the formate
is a purely thermal decomposition, independent of the added
hydrogen, Dobychiu6 has shown that the use of inert stmos-
phere of hydrogen in catalyst reducer gives a catalyst five
times more active than the one prepared in vacuo, Further
catalysts prepared from nickel formate by wet reduction process
exhibit higher activity than those prepared from the dry salt,
The 0il medium hinders recrystallisation and sintering7 and

produces a more dispersed catalyst,
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The decomposition of nickel formste has also been
studied by B-landina, He has concluded that nickel catslysts
obtained by decomposition of formate in oil medium are
catalytically active whereas those obtained by decomposition

in air or nitrogen astmosphere are almost inactive,

Colloidal nickel catalystss Colloidal nickel catalyst from

nickel formate is not considered to be highly satisfactory
because it suffers from certain inherent draw backs. They are
subject to sudden coagulation and to slow decomposition,

Their separation from the fianished product 1s.very difficult,

4s pointed out earlier, the activity and selectivity
of a nickel catalyst is much influenced by the conditions of
preparation of the catalyst, especially the temperature to which
it has been subjected, The surface properties of nickel
reducible at different temperatures vary as indicated by its
colour, Armstrong and Hilditch® state that the pyrophoric
character of nickel is in no way related to its catalytic
activity,

There is considerable difference between the
temperature at which nickel formate commences to decompose and
that at which it is completedl®,  similarly periocd of
reduction 1s another important factor governing the activity
and selectivity of nickel formate catalyst. Complete reduction
of formate is not affected below 250°,, but many plant
operators observe that the maxisum tempersture of 250° mentioned
by Wurster? is nigher than desirable,

These facts necessitated of finding suitable
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Begaas
conditions for the preparation of nickel catalyst from
nickel formate by wet reduction process, This chapter
deals with the work carried out on the preparation of
hnaupported catalyst from nickel formate at various
tempcratures by wet reduction process together with the |
conditions under which formate can give most selective and
active catalyst useful for hydrogenation f oils for the

manufacture of vanaspati,



)
EX_PERIMENT 4L,

PREPARATION OF NICKEL CATALYST 4T VARICUS TEMPERATURES.

The effect of reduction temperature for the A
preparation of catalyst from nickel formste by wet reduction
process was studied by preparing five samples of catalysts at

different temperatures, The process is deseribed below,

Vickel formate (58 g.) and refined groundmut oil
(232 g.) were taken in a three-necked (500 c,e,) round bottom
flask equipped with a mercury sealed stirrer, & slow streanm
of hydrogen gas was bubbled through the oile~nickel formate
mixture, The residusl gases were allowed to escape from the
side tube, The conteats of the flask were first heated to
1509, when the initial resction began. The temperature was
rept at about 190°C until this preliminary reaction in the
reduction was over and the moisture driven off, The
temperature was then raised to 232°C (4500F) to 238°C (460°F)
and kept for 2 hrs,, when the entire charge of the catalyst
in the flask became jet black and no green particles were
visible, At this stage the heat was turned off but the
agitation and the introduction of hydrogen were continuned
during the cooling operation when the temperature came down to
1009C. The excess of oil from oll-nickel catalyst mixture wss
scpareted by filtration through double sheets of Vhatman No:l,
filter psper with the aid of a hot filter funnel so that the
concentration of nickel in the congealed catalyst mass was
aboutvﬁs per cent, The nickel content in the catalyst was
determined by the method given below,
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4 well mixed sample of catalyst (1 g,) was digested
in 40 ml, of dilute nitric acid (1:1) for a 'eriod of 10 to 1§
minutes, Hot water (100 ml,) was added and the solution
boiled for five minutes, The latter was filtered, washed and
cooled to room temperature, To the filtrate, diluted to
400 ml,, were added a saturated solution of sodium pyrophos-
phate (76m}.), ammonium sulphate (4 g.) and ammonium
hydroxide sufficient to make it faintly alkaline. A 3%
solution of potassium iodide (16 ml,) was added, The
mixture was then titrated with standard potassium cynide until
cloudiness first formed just disappeared,

Similarly four other samples of catalysts were
prepared at 4609-470°F, 470°-4750F, 475°-485°F and 480°-4850F,

B ¥ OF N L C

The comparative activities of the above five
nickel catalysts were tested by conducting the hydrogenation
of refined groundnut oil (500 g.) in a laboratory Parr's
medium pressure hydrozenation apparatus (Fig, 1) eguipped with
the control of temperature and pressure, The speed of
agitation was meintsined at 525-550 r.p.m. The amount of
catzalyst added was 40 gms, containing one gram of the metal
equivalent to 0,2 per cent nickel on the weight of the oil,
The temperature and pressure of hydrogenation were 176°-182°C
and 80-90 p,s,i, (gauge). The purity of hydrogen was
29,97 per cent, Passage of hydrogen was continued till the
product gave a slip point 369-379C"% as determined by the
capillary method, At this stage, a mixture of decolourising
carbon (5 g.) and hyflo-supercel (5 g.,) was added and the
hydrogenated oil separated by filtration through Whatuan No,l,
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filter pap-r, The following charscteristics were determined,

The hydrogenation time was reckoned as the period from
s
the start of hydrogenstion till a slip point 36°-379C was
attained by the f:t,

The congeal point was determined by the method

described by Bailey]].

The consistency of the fat st 15°C wss measured by the

standard penetrometer IP 50/47 designed for lubri-ating greases,

The Butyro-refractometer re:dings at 40°9C were

also recorded,

The iodine value (4 hr, Wij's) of the fat and titre
tests of the fatty acids were found >ut by 4.0,C.S. Official
Method ¢d,1-2§ and CC, 12-41 pespectively,

The saturated and iso-oleic acids in the total
fatty acids were deteruined by the method of Cocks, Christian
and HardinglZ2,

The spectroscopic metiod s given by Hilditch,
Patel and Rileyl3 yas easnliyed for the estimation of linoleic
acid,

FPinally the per centage val'ues of the abo e acids

when substracted from hundred gave the per centage of oleic acid,

The data from the five nickel catalysts and also by
using standard 'Rufert' nickel catalyst are given in Table 1,
The characteristics of gr undnut oil used in the experinents

and similar analytical results for four .e!l known commercial
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brands of vanaspatl are also included for comparison,

Observations.

The results in Table I indicate that the nickel
prepared at 460°-470°F lead s to the more selective
hydrogenation of the oil and compares favourably with 'Rufert'
catz1lyst in respect of congeal point, consistenecy,

refracti e index, iodine and titre values of the fat products,

It is also noticed that the selectivity and the
concurrent formation of isoe-oleic acids depend upon the
conditions under which thec catalyst is prepared, Presumably
this may be due to the dissimilarities in their sub-

microscopic physical texture,

Heating during the preparztion of the catalyst
¢ither below 460°F or above 470°F gives a less selective
catalyst,

It has been found that nickel formate without
support in the manner described above forms partly a colloidal
nickel catalyst, Not much satisfaction is afforded by the
use of such a type of catalyst. In addition to offering
neg.igible advantages, this colloidal catzlyst has certazin
big d sw backs, It is subject to sudden coagulaticn, It 1n-

-creases the difriculty of sepasrating from the finished precduct,

Freshly prepared nickel formate reduces reazdily
at low temperatures if it is finely dispersed in the oil,
Expericents have shown that nickel formate, which could be
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reduced to selective condition at 4600-470°F, when fresh,
did not do so even at 470»475°F. after storage for one year,
It was -bserved that the formate on long storage becomes dull
green in colour, To achieve good selective catalyst out of
0ld nickel formate, it brcame, therefore, necessary to
decompose the material at 475°-480°F so that catalyst of
jdentical properties could be obtained, 4 determining factor
in the teunperature of reduction of nickel formate therefore
appears to be its age,
effect of hegting time on_the s lectl ity of

cate L om formate.

It has been observed that the formate salt
usually takes about half an hour to reduce 2t 250°C which is
enough to produce an acti.e catalyst with good selectivity,
The reduction of formate for less than thirty minutes produces
catalyst of moderate activity and non-selectivity, Similarly
continued heating of catalyst after completion f the
secondary reaction when the frothing ceases results into
sintering o> the active metal with a fall inwm its activity

and selectivity,

LA 2
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CHAPTER _ II,
CONDITIONS OF HYDROGENATION OF OILS,

Besides the quality of the catalyst, its quantity
and various conditions such as temperature, pressure and time
of hydrogenation influences a great deal on the final product
that is obtained,

Dhingra, Hilditch and Rhead  studied the influence
of catalyst concentration on the hydrogenation of cotton seed
oil, They found that the proportion of iso-oleic acids produced
depends mainly on the temperature of hydrogenation and to
some extent on the catalyst concentration, It increasses with
rise of temperature and also with increasing concentration

of catalyst at a given temperature,

Bailey, Femge and Smith? studied the effects of the
factors governing the hydrogenation of cottonseed and peanut
oils, like temperature, catalyst concentration, hydrogen
pressure, degree of agitation and nature of the catalyst,

They inferred that the rise in temperature increases the
selectivity of the reaction and at the same time increases the
formation of iso-oleic acids, TDecrease of hydrogenation
pressure increases selectivity using the same conditions,
increase of catalyst concentration increases selectivity, It
has also been shown that selectivity is increased by less
vigorous agitation and vice versa when other conditions are
constant,

Feuge and co-workers® found that the rate of
formation of trans isomers in methyl oleate undergoing hydrogena-

tion is increased by increasing the teuperature and catalyst
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concentration and by decreasing the degree of dispersion of
hydrogen.

sims? concluded from his investigstions on the
variations in the chemical and physical properties of soybean
0il hydrogenated under widely varying conditions that at
moderate pressures selectivity was found to vary directly with
catalyst concentration and inversely with agitation speed,
However at high pressures the effect of these variables was
reversed, The selectivity varicd directly with the amount

of agitation and inversely with the catalyst concentration,

Sims and Hilfmans from their experiments on the

formation of trans isomers during the hydrogenation of
glyceride oils inferred that the conditions which favoured
the selective hydrogenation of glyceride oils also favoured

the development of trans isomers,

In series of papers published by 4dllen and Kiosss

in 1956, the authors showed the formation of various types of
isomers during hydrogenation of esters of 93:12-linclelc
acid, 10:12-1linoleic acid and B-elaeostearic acid,

Most of the work tend to prove that the course
of the catalytic hydrogenation of the ethylenic linkages in
0oil depends upon a number of factors, The relative
reactivity of a given ethylenic linkage is affected not only
by its position with reference to an acyl group and its
proximity to other ethylenic linkages in the same group but
also b, the amount and type of catalyst and other operating
conditions, Very frequently a given linkage does not undergo
a straisht forward reduction, but rather the first reaction

is a shift to a new position or its me-arrangesent to another
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geometric form, Both of these changes may also take place

before the double bond is hydrogenated,

1 u dro s While
hydrogenation tends to be naturally selective, the plant
operator has four variables under his immediate control which
he can manipulate to change the selectivity to a marked
extent, The variables are temperature, type and concentra-
tion of catalyst, hydrogen pressure and agitation, These
variables exert their influsences in a complex manner on

the composition of the final product obtained on hydrogenation,

esent wor

With a view to elucidating the course of the
hydrogenation reaction and the effect of the various
conditions on the composition of hydrogenated product, the
reactions oceurring under verying conditions were studied,
The previous chapter dealt with the work carried out on the
preparation of suitable unsupported catalyst from nickel
formate by wet reduction process, As a rcsult of this
work, the catalyst prepared at 4600-470°F under the
conditions mentioned was found as the most efficient, The
present chapter summarises the work carried out for finding
the conditions under which hydrogenated product satisfying
the maximum requirements of vanaspati can be obtained by

using such a catalyst,
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E_X_P_E_R_I_ME_N_T_a_L,

(a) TO ONCENTRATION ON HYDROGENATION OF
NDNU

Bailoyg found that increase of the catalyst
concentration has the effect of simultaneously meking the
hydrogenation more selective and causing more iso-oleic acids
to be formed, whereas slowing hydrogenation by reducing the
catalyst concentration makes it non-selective, In order
to find out the most suitable concentration of the catalyst,
hydrogenation of batches of 500 g, of refined groundmut oil
were conducted in presence of nickel catalyst prepared at
4600-470°F, in quentities to get 0,0§, 0,1, 0,15, 0.2, 0.25,
and 0,3 per cent metal on the weight of oil in the equipment
described in the previous chapter, The temperature and
pressure vere kept at 1760-182°C gnd 85-90 p.s.i. (guage)
respectively., Hyflo-supercel equivalent to twice the
veight of nickel was always used, The various characteristics

of the products so obtained are given in Table 1I,

From these results, it uay be scen that 0,2 per cent
nickel concentration on the weight of oil gives maximum
selectivity and consistency to the product, The drop in
iodine value has also baen the greatest at this amount of
the catalyst,

For oils there usually exists a well defined

range of teuperature within which hydrogen is effectively
added, Somewhere in this interval lies the meen effective

temperature, that is the temperature of meximum saturation
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velocity., For a number of fatty oils, this approximates

1800C or 3569F, using nickel as catalyst,

Maxtod7 has found that the temp:rature of maximum
activity of nickel catalyst for the hydrogenation of glyceride
oils appears to be about 1785o¢,

Bailoyz concluded that thc formstion of stearic
acid was repressed and the formation of isoeoleic aclds

simnultaneously favoured by increasing the temperature,

For finding tho'otrcct of temperature on the course
of hydrogenation of groundnut oil, experiients, using 0,2 per
cent nickel concentration (cstalyst prepared at 460°=-470°F)
on the weight of o0il at 85«90 p,.s.i, and temperatures varying
from 150° to 218°C were carried out, The characteristics
of the various hydrogenated products thus obtained sre recorded
in Table III,

The results indicate that upto a certain increase
in temperature of hydrogenstion (1820C), the selcctivity and
the consistency of the product increases and a regular drop
in ilodine value is obtained, The time of hydrogenation at
lower temperatures upto 166°C has been much more than in the
range of 1780-182°C. At higher teamperatures froam 128%
onwardis, the selectivity decreases and the product obtained
is softer, The fall in lodine value also is less, On the
whole, the hydrogenation temperature in the range of 176%-122°C
gives a product of maximum consistency and drop in iodine

vslue,
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The majority of hydrogenation reactions usually
proceed at atmospheric pressure, But sometimes there is
convenience in working at higher pressures, The direction
of the hydrogenation reaction may be controlled by increasing
the pressure and the tine of hydrogenation for reaching to

the same consistency of the product may be lessened,

armstrong and Hilditeh® studied the influence of
variation in the hydrogen pressure, They found that the
velocity of hydrogenation is directly proportional to the

hydrogen pressure in the absence of other disturbing factors,

Bailey and co—workers2

studied the influence of
pressure on the fatty acid compoesition of hydrogenated oils,
They concluded that within the range of pressure of ordinary
comnercial hydrogenstion, i,e, about 1 to 6 atmospheres

or upto about 75 lbs, pressure, the hydrogenation rate is
approximately proportional to the absolute pressure, They
further found that an increase in pr-ssure decreased the

selectivity and also inhibited iso-olelc acid formation,

For finding the effect of pressure on the time of
hydrogenation and the product obtalned, experiments were
conducted at pressures varying from § to 100 p,s.i, with
charges of 500 g, of refined groundmut oil, using 0.2 per cent
nickel at 1760-1820, The catalyst prepared at 460°-4?0°F
was used, Two grams of hyflo-supercel were alsc added
in each experiment, nydrogcnatioﬁ was stopped when the
product attained a capillary slip point 36 -37°C. The
results are given in Table IV,
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The results indicate that at very low pressure of
the order of 5-10 p.s.i., a hydrogenated product of fair
selectivity and good consistency 1s obtained but the time
required to attain the desired slip point is abnormally high.
The selectivity in hydrogenation and consistency of the produét
decrease and also the iodine value increases upto a certain
maximum pressure of 70 p.s.i, In the range of 75-90 p.s.i.,
the hydrogenation becomes quite selective and products of
good consistency and iodine values are obtsined., These
characteristics are still enhanced on increasing the pressures
upto 96-100 p.s.i, but thefroduct becomes harder than is
usually required in the industry, On the whole a pressure
of 75«90 p.s.i., is found to be quite satisfactory for
obtaining the desired product under the conditions employed,

9) OUsS_OILS,

&s groundnut, cottonseed, linseed and mustard oils
are major indigenous proiuce of India and the Flaaning
Commission has also stressed upon the desirability of the
utilization of cottonseed oil in vanaspati industry, these
four oils were hydrogenated using 0.2 per cent nickel on the
weight of 0il, The catalyst prepared at 460°-470°F was
employed, The temperature and pressure of hydrogenation
were msintained at 176°-182° and 75-90 p.s.i. In the case
of groundnut and cottonseed oils, 76 per cent of the used
catzlyst was mixed with 25 per cent of the fresh material and
the hydrogenation of another batch of the same 01l was again
undertaken, Such experiments were repeated four times with

the above two oils, The hydrogenation was considered as
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complete when the product abtained a capillary slip point
36°.370C, The hydrogenation of mustard oil to the reguired
extent was not found possible, It was however found that

if after conducting the hydrogenation for about one hour,

the poisoned catalyst was replaced by the fresh catalyst, the
hydrozenation proceeded smoothly to completion,

The characferistics of the various ocils and those
of their hydrogenated products obtained as above are given in
Table V,

DISCUSSIONs

The work mentioned above has been carrled out in a
laboratory hydrogenation apparatus, Since there are
differences in the efficlency of agitation of hydrogen
dispersion between laboratory and commercial hydrogenators
and also among different models of commercial arparatus,
results at a given temperature, pressure and catalyst
concentration generally vary from one hydrogenator to
another, Hevertheless the work reported gives a clear idea
of the most suitable conditions for hydrogenation in the same
apparatus, As testing of other catalysts prepared from
different nickel salts, supports and promoters described in
the next chapters hes been carried out in the same equipment,
the study forms a basis of evaluation of the different
nickel catalysts for the hydrogenation of oils,

BOil‘Y’, et =1 have reported that increasing the
concentration of a given catalyst with other factors constant,
has the effect of making the reaction more selective and
increase the concentration of olelc 2c¢ids, The results given

in Table II, however, show that selectivity in hydrogenation
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increases upto a certain concentration of the catalyst

(0.204&) after which it almost remains unchanged,

It has also been mentioned2 that selectivity is

enhanced by increasing the temperature of hydrogenation and
formation of iso-oleic acids also increases at higher
temperatures, This has been found to be the case upto the
meximum hydrogenation temperature of 182° (Table III). Above
this temperature the hydrogenation becomes non-selective

as evidenced by the increased quantities of linoleic acid,

4s has been held by various investigators9 this may be due

to the dehydrogenation alsc accompanying the hydrogenation

of the fat under these ranges of temperatures, Less
formation of saturated acids, smaller drop in iodine values
and formation of softer products at hydrogenation temperatures
1889.207°C is a clear indication that appreciable amount of
dehydrogenation is taking place under these conditions, The
hydrogenation appears to be much accelerated at temperatures

of the order 210°-218°C,

It has further been reported that 1ncreasin(2

the hydrogenation pressure decreases the selectivity and also
inhibits 1so-o0leic acid formation, This has actually been
found the case (fablo IV) uptil the pressure of 66-70 p.s.i,
while at low pressures of §-30 p,s.i, the hydrogenation was
quite selective and consequently more of iso-oleic acid
formation, &t higher pressures selectivity again increases,
But the time required for hydrogenstion under low pressures
(10 p.s.i,) is much more than that at higher pressures of

the order 76-20 p,.s.i, Hence in all the experiments a
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pressure of 85-90 p.s.i, for hydrogenation has been
employed,

The results of hydrogenation of four vegetable
oils given in Table V lesd to some interesting conclusions.
As is welleknown, the re-usage of the catalyst decreases the
selectivity to some extent in the case of groundmut oil,
But in the case of cottonseed o0il the selectivity has
been found to progressively increase to some extent in the
four charges tried, The consistency of the different
batches, however, differs within wide limits, For the
sake of getting a unifora product, it will, therefore, be
preferable if the three or four batches, hydrogenated with
used catalyst may be mixed together before packing for sale,

After a definite number of charges of hydrogenations
with such a catalyst, it will be prefersble if 1t is entirely
replaced by the fresh catalyst for subsequent hydrogenations.

It is not desirable both for the sake of
economy and the quality of the product to take a very
unsaturated type of oil for hydrogenation, The results of
linseed 0il show that hydrogenation of the oll takes a very
long time and even then = product of less consistency is
obtained,

The catalyst evidently is poisoned when
hydrogenation of mustard oil which contsins a sulphur
compound in it is undertaken, 4s is well-known, the
hydrogenation of the oil is possible if the catalyst is
added in two instaluents, The first part of the nickel
removes the sulphur constituent from the oil and the
hydrogenation proceeds smoothly when a fresh catalyst to
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such a treated oil is added, The iso-oleic acids contents

in this case has been exceptionally high, This may be due

to the reason that a part of erucic acid also comes along with
the insoluble lead salts in the separation of fatty acids by
this methodl®+11.

tonclusions:

1. 4 hydrogenation temperature 176-182°C and
pressure 85-90 p.s.i, with nickel concentration 0,2 per cent
on the weight of the oil has been found to give a product of

maximum selectivity and desired consistency,

2, 4 highly unsaturated oil may not give a product

of desired consistency,

3. The hydrogenation of oils containing materials
which polsons the catalyst such as mustard oil is better
accodplished if a part of the catalyst is added first,
removing it after sometime and adding the fresh catalyst
azein,

4, The reusage of the spent catalyst may be limited
to 3 or 4 batches of the oil, Even these batches may be
mixed together in order to get uniform product,
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CHAPTER III,

_SUPPORTS FOR THE NICKEL CATALYST,

A comparative study of the activity of various
samples of nickel catalysts prepared from nickel formate by
wet reduction process at different temperatures ranging from
450° to 4IO°F for the hydrogenation of refined groundnmut
0il has already been summarised, The present chapter
deals with the investigations to find out the most
satisfactory carrier for the nickel catalyst. In general,
by the term “carrier" is meant an inert material which acts
as a base or support for the catalyst but which by 1tsélt
has little catalytic activity,

Kayser! first introduced the use of Kieselghr
as a carrier for 2 nickel catalyst in oil hardening industry in
the United States in 1908,  Later, Erdmann and Bedford®
used pumice as e carrier for a nickel catalyst in the
hydrogenation of fatty acids and thelr esters, In 1210
Paala used palladium on Kieselguhr in oil hardening. From
that time onwards many other carriers in catalytic hydrogenation
have been unentioned in literzture, 4t present commercial
catalysts do not consist of a single component, They are
generally mixtures of active nickel and a baselike kieselpguhr,
Berkman, Morrel and hgloff4 have reviewed the subject of
carriers in detail, Work of this type carried out in recent
years (1942-1952) has been sumnarised by Eanetd,
Fupction of a carrier:

The mechanical function of a carrier is to act as a

base material for the catalyst, It serves to reduce shrinkage
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of the active lattices of the catalyst. 4 carrier gives
physical strength to the catalytic component, They

are a few important effects of a carrier,

A carrier may be useful in providing a larger
contact surface and at the same time a more equal distribution
of the catalyst. It also prevents recrystallisation or
caking together and thus preserves the fine dispersion of the
catalyst, It is valuable because it hinders aggregation
which otherwise may occur, Moreover a carrier may
influence indirectly the activity of a catalyst by protecting
it from poisons, These objectives are generally attained by
the use of inert materials such as carbon, silica, zeolites,
asbestos, pumice, fuller's ecarth, kieselguhr gnd other
siliceous earths and clays4,

o) t wi arrier:

4 catalyst may be incorporated with a carrier in
a mumber of different ways, Each method depends upon the
nature of the carrier and the type of catalyst to be
supported, Three methods generally in use for this purpose
are summerised below and their relative merits are also
discussed,

1st Method: The method of impregnation is most
comaon, It involves mixing a eolution of nickel salt like
nitrate, chloride, formate, etc, with the carrier., The
resultant mixture is heated while continuously stirred, The
water is evaporated which gives a solid materisl containing
the nickel salt impregnated on the external surface of the
carrier, The cake is then dried, powdered and reduced to give

a catalyst supported on a carrier,
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But simple impregnation may not result in a uniform
catalyst distribution,

2nd _Method: The method of precipitation consists in
eliminating migration of the catalyst component on drying.
It involves the introduction of a catalyst to a carrier as a
solution or colloidal dispersion which is then precipitated
so that it deposits on the carrier surface, Finally it is
washed, dried and reduced,

3rd Method: Simple mechanical mixing of the
catalytic component with the carrier both in the solid form is
also employed, But such a procedure does not give a high
degree of dispersion of catalytic material, yet the method

is quite useful for many practical purposes,

Properties of carrierss

Knowledge of the nature and properties of carriers
is necessary in their selection as supports for catalysts, The
carriers have their structural characteristics like
amorphous, or crystalline, porous, or compact surfaces, In
addition to their structural characteristics, the following

properties are considered in the selection of a carrior‘.

1, Chemical composition and state of dispersion,

2, Physical properties of the sur’ace, (pevosity,
adsorption, contact property, electrical properties, mechanical
strength, ete,)

3, 4mount and concentration of both catalyst and
carrier, thickness of the catalyst layer deposited on the

carrier, saturation capacity of carriers,



hs

4, Active area of the carrier and the ratio of the
catalyst atoms to the carrier atoms corresponding to the

catalyzing action of the carrier-catalyst,

In using a carrier as a support for nickel catalyst
for hydrogenation of glyceride oils, it is therefore important
nd-
to determine (1) the type of carrier:j(2) the concentration

of carrier in supported catslyst,

The depth to which the carrier particles can be
penetrated by nickel is also strongly reflected in the
activating ability and selectivity of the catalyst‘.

In preparing a sunported nickel catalyst, it is
therefore, important to evaluate the process of depositing
nickel on a carrier which will enable nickel to exhibit its
maximum activity and selectivity,

4 variety of materisls are employed as supports for
nickel catalyst used in hydrogenation of glyceride oils,
Some of these materials, in addition to their function as
supports, have in certaln reactions a distinct promoter
action. Others such as carbon, kieselguhr, and fuller's
earth are useful as clarifying agents, However, there is
very little information available in literature regarding the
specific effects of each of these carriers on the selectivity
of nickel catalyst, The work carried out in these directions

is reported in this chapter,

Bresent works:
For studying the activity and also selectivity of
the nickel catalyst on various carriers, decolourising carbon

(Merck), hyflo-supercel (I,C,1.), silica gel (B,D.H,),
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two samples of kieselguhr (Merck, Hopkins & Williams),
fuller's earth (8,D,H.,) were employed in the preparation of
the catalyst from nickel formate by wet reduction process,
Since it is also mentioned that excessive amount of the
carrier reduces the exposed surface of the catalyst‘, such
amounts of the above amaterials were taken as to give a ratio of
two parts of nickel to one part of the support for their
comparative evaluation, The procedure for the preparation
of supported nickel catalyst using the above materials has been
the same in all cases and is very similar to that employed for
unsupported nickel catalyst (Chapter I). For the sake of
clarification, the method employed in the case of carbon is
given below,
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E X PER_IMENTA_L.

Nickel formate (58 g.) was intimately mixed with
decolourising carbon (Merck) by grinding together in a pestle
and mortar, The carbon-formate mixture and refined groundnut
oil (232 g,) were taken in a three-necked (500 c¢.c.) round
bottomed flask, equipped with a mercury =ealed stirrer,

Th- mixture was slowly heated to 150°C. while bubi ling a slow
strean of hydrogen through it and kept vigorously stirred
throughout, The exit gases were allowed to escape outside.
After the initial reaction started, the tenperature wes raised
to 190° when most of the preliminary activity in the

reduction was complete and moisture driven off, The
tenperature was then raised to 255°-260°C:;:;q:bout 30 mins,
when the catalyst became jet black in colour. This siightly
higher temperature than that employed earlier in case of
formate alone (Chapter 1) was found necessary for complete
conversién of the formate into colloidal nickel, Heating for a
longer period more than 30 mins., st the above temperature
(2659-260°C) lecads to the production of catalyst of less
selectivity, The material was then slowly cooled in the
atnosphere of hydrozen when a Jet hlack solid mass was obtained,
The excess of oil was removed by filtration so that the
concentration of nickel catalyst in the mass was very near to
26 per cent, The comparatives activities of the supported
nickel catalysts were tested as before by conducting the
hyirogenation of refined groundnut oil (500 g.) in Parr's
medium pressure hydrogenation apparatus, The speed of
agitation was maintained at 526-550 r.p.m. catalyst equivalent
to 0.2 per cent nickel on the weight of the oil was used in

each case, Hyflo-supercel (2 g,) was also added as a filter



ha

aid, The teunperature and pressure of hydrogenation were
176°-182°C and 76-90 p.s.i. The hydrogenation was

continued till a slip point of 36%°-37°C was attained by the
fat, After the addition of decolourising carbon and
hyflo-supercel (5 g. each), the clear product was recovered by
filtration, The characteristics of the products obtained

by using nickel catalyst supported on various carriers are
given in Table VI, Similar data in the case of refined

cotton seed oil are recorded in Tsble VII,

Observations:
From the data in tables VI and VII, the following

conclusions may be arrived at,

1, Nickel catalyst when supported on a carrier in the
proportion of 231 increases the rate of hydrogenation of the oil,

2, & neutral support such as carbon, hyflo-
superzel or silica gel is superior to carrier,acidic in
nature;of the type of fuller's earth or kieselguhr,both as
regards consistency of the hydrogenated product and selectivity
of hydrogenation,

3, Out of the neutral carriers tried, hyflo-
supercel is to some extent better than the others as by its
use, a product having consistency very similar to that
desired by the vanaspati industry is obtained, The material

is also available in a uniform quality at an economic rate,

The role of carrier in the activity and selectivity
o nickel is not very clear, It is true that some of the
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carriers for the hydrogenating metal act to stabilize the
catalyst surface, They sometimes act as promoters also to
enhance the catalytic activity of nickel, But very little

is known in the literature as to how the selectivity of the
hydrogenating metal is affected as the content of support

is changed, It is quite evident that for each combination

of hydrogenating metal and Support?, there exists an

optimum rstio of metal to carrier which will produce a maximum
selectivity in the catalyst,

To find out the most satisfactory concentration of
the carrier, catalysts were prepared by using hyflo-supercel
so as to get a ratio to nickel 142, 1:1, and 332, Supported
catalysts were also prepared by using decolourising carbon
(Merck) employing 122 and 131 parts with nickel, Solid
nickel formate was ground with the carrier and wet reduction
using groundnut oil was done in each case, The results
obtained on the hydrogenation of groundnut oil with the
above catalyst using 0.2 per cent nickel on the weight of oil
hydrogenated are given in Table VIII,

The results clearly indicate that concentration
of carrier in proportion of one part to two parts of nickel
is better than in higher amounts particularly as regards
selectivity in hydrogenation, consistency of the product
and to some extent in the time of hydrogenation,

Since impregnation is one of the nethods® for
the incorporstion of catalyst with carrier, a catalyst was
also prepared by addimg hyflo-supercel (1 part) to a hot
aqueous solution of nickel formate, evaporating the water at
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105%-110°C with constant stirring and ftnally drying it to
a powder at 1100.1209C, The materisl was then reduced
in groundnut oil, The catalyst thus obtained was used for the
hydrogenation of groundnut oil, The data obtained with this
catalyst are also sumunarised in Table VIII.

The catalyst prepared by the impregnation method
gives a produet of softer consistency than the one prepared
by dry grinding method, As pointed by Fmmet® these draw-
backs in the hydrogenated product may be caused by the non-
uniform catalyst distribution and formation of relatively large
crystals of niekel nearer or on the external surface due to
mlgration of nickel solution from the interior peres to the
external surface where iigquid deposits crystals after

evaporation,

The selectivity of hydrogenation and the concurrent
formation of iso-oleic acids are favoured by a greater catalyst
concentration, The most suitable amount of nickel when
the unsupported catalyst is employed has already been determined,
Now in order to find out a similar catalyst concentration for
hydrogenation, when the supported catalyst is employed,
experiments of batches of 500 g, of groundnut o0il were carried
out using nickel supported on hyflo-sunercel in quantities
to get 0,1, 0,15 and 0,2 per cent of metal on the weight of the
oil, The conditions of hydrogenation were the same as
maintained in previous experiments, The results are summarised
in Table IX,

The values obtained show that as with unsupported
catalyst, 0,2 per cent nickel concentration gives a product
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of maximum selectivity and consistency and also requires least

time in hydrogenation,

Conclusions:

4 nickel catalyst supported on limited amounts of
neutral carriers of the type of hyfloe-supercel or ‘ecolourising
carbon is prefersble for incressing the rate of hydrogenation.,

tc the unsupported one,

Supported nickel formate reduces at a slightly

higher temperature (5° to 109C) than the unsupported one, But
additional advantage in using a support lies in the fact thot
the catal st may be subjected to more severe heating in the
reduction process without destroying its activity,

There exists an optimum concentration of support in
the catalyst above which the supporting masterial has got an
adverse effect on the selectivity of the ecatalyst, Use of
nickel metal admixed with an excessive inert material such as
hyflo-supercel or carbon has not given satisfactory results
probably for the reason that‘ only a small part of the film
of the catalyst metal comes into actusl contact with the oil
to be hydrogenated and the gas, On the basis of this
assumption more and more surface of the catalytic material
gets coated with the supporting material =s its concentrstion
in the catalyst increases thus making the catalyst less and
less effective,

oA
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CHAPTER TV
RIOUS SALTS OF NICKEL FOR THE CA s E N

The preparation and activation of unsupported
as well as supported nickel catalysts from the inorganic
salts of nickel have been studied by many investigators,

A German patent issued to Senderns is probably the
first patent recorded, The conditions of reducing nickel
oxide, as far as temperaiure is concerned were first 1§1d
down by Sabatier and Senderens’e Kelber” investigated
the effect of reduction temperature and oxygen on the
activity of niekel catalysts prepared from the basic nickel
carbonate., He3 also showed that nickel oxide reduced at
450°C had very little activity while reduction at 300°C gave
a moderately active catalyst, Lietz? studied the
preparation of nickel cstalysts by reducing the basic
carbonste prepared by mixing aqueous solutions of nickel
sulphate and sodium carbonate, Kusama and Uno® compared
the activities of nickel catalysts prepared from nickel
chloride and nickel nitrate, Waterman and Tussenhrook6
prepared a kieselguhr supported nickel catalyst by
precipitating the oxide from nickel sulphste on the support,

57

They investigated the effect of heat treatment on the activity

of the catalyst. Armstrong and Hilditch’ found that nickel
hydroxide precipitated on kieselguhr gave a very active

catalyst by reduction at 500°C, while the unsupported catalyst

had very little activity whem reduced at this temperature,
rut it hss 2 fair activity on reduction at 300°C, Thomas®
sirilarly described the reduction of nickel hydroxide with
hydrogen, Maximum activity was obtained at about 300°C in

the case of an unsupported catalyst and between 350°C and 500°C



with nickel supported on kieselguhr, The Hydrogenation

Patent &pplication Society®

described a process of preparing
nickel catalyst from nickel carbonate by heating it under a
layer of o0il snd reducing gsses under pressure, The reduction

of nickel carbonate took place between 200%-250°C,

Hickel catslyst has been made similarly by various

10

investigators™™ by reduction of nickel carbonate at 90-150

atmospheres of hydrogﬁn prossure, F11isll has mentioned that
metallic catalysts may be prepared at low temperatures by the
combined use of a catalysit and high pressure, Finely divided
metals have been cobtained by reducling an oxide, hydroxide or
sglt with hydrogen in presence of a carrier at a low
temperature, Kahlenberg and Ritter12 reduced nickel chloride
with hydrogen at 180°-2500C., It is stated that catalyst

obtzained was very goocd for hydrogenation of oils,

Most of the faniler nickel compounds have been
investigated at one time or another as catalyst rsw materials,
The three most commonly known inorganic salts of nickel the
sulphate, chloride and nitrate are most useful in supplying
nickel ion, Nickel oxide, hydroxide, basic carbonate and
formate served as raw materials for the reduction to finely

divided active nickel in the final step of catalyst preparation,

Nickel sulphate 1s used in very large quantities
because it normally the cheapest and most commonly available
salt, The normal procedure for preparing the catalyst is to
precipitate nickel hydroiide or basic carbonste from solutions
of this salt, of _ten along with a carrier, The preeipitate
after washing, drying and grinding, is reduced with hydrogonl3 .
This type of product is characteristic of the so-called



precipitated dry-reduced nickel catalyst, which is to some

extent used for the hydrogenation of organie compounds,

The production of nickel catalysts by this method
requires attention to many variables, Importzant steps are
the selection of the precipitant, chemical rstio of reactants,
solution concentrations, temperatures, method of mixing,
washing procedure, and conditions of drying the precipitate,
The basic objective throughout these steps prior to the
reduction is to obtain a pure precipitate compound of very
minute and reasonably uniforam crystalll‘. The attainment
of this ideal is difficult, The exact methods used #n
the industrial preparation of precipitated nickel catslysts
have usually been regarded as confidential and have not been
widely discussed in the literature,

Sodium, potassium and ammonium hydroxides,
carbonates and bicarbonates have all been used successfully
in the production of precipitated catalysts from nickel
sulphate but in the modern practice sodium carbonate and
bicarbonate are predominantly used, When these alkalies
react with nickel sulphate in aguecus solution, voluminous
bagie nickel earbonates of variable composition are
precipitated, Pure nickel carbonate can be obtained by
very speclal procedures, The pit falls of adsorption and
excessive crystal growth are more ezsily avoided with the
use of basic carbonates, The reduction of carbonates ‘
proceeds at a lover temperature, minimizing the danger of
partially sintering the nickel, These advantazges combined
with the low cost of sodium carbonate and bicarbonate as
precipitants may have conducive effects in the use of this

process in industry,
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Nickel chloride and nickel nitrate can also be
used in the production of precipitated nickel catalysts, In
the case of the nitrate, a further advantage is offered in
the elimination of absorbed nitrate by thermal decomposition

during the reduction atepls.

It has been stated that an economic processls’17

has been developed for the recovery of nickel from the spent
hydrogenation catalyst in the form of its basic carbonate,
hydroxide, sulphate, chloride, and nitrate, It was,
therefore necessary to find out the utility of these salts
of nickel for the production of hydrogenation catalyst,

The sulphate, chloride or nitrate either as such
in the powder form or after conversion to hydroxide or basic
carbonate have been heated at tem-eratures generally varying
from 5000-1000°F in the atmosphere of hydrogen. Since the
catalysts prepared by the dry reduction processes are
pyrophoric and are difficult to handle, attempts were made to
reduce these salts in the 0il, as has been done with nickel
formate catalyst, But it has been observed that satisfactory
reduction of these salts did not take place even at
temperatures as high as 270°-2809C and the products have very
little catalytic activity, E11is11 has mentioned that the
inorganic salts of nickel can be reduced under pressure to
give more satisfactory catslysts, Other 1nvestigatora]°
have also observed that these salts can undergo reduction at
about 2509C, under high pressure of hydrogen, But no detailed

information is available in literature as regards the
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properties of such catalysts, Therefore it was considered
desirable to try the pressure reduction of nickel salts like
basie carbonate, and hydroxide and study the activity and
selectivity of the catalysts obtained,
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EXPERIMENT AL,

- e e e eme e e s s ews

Most of the salts of nickel available in the
laborztory were studied, 411 these compounds vwere of C,7,
grade, & few important salts not available in the labor:tory
were precipitated from nickel sulphate by the
precipitation method’3,  From the preliminary investigation
of these salts, it was observed that basic carbonate and
hydroxide of nickel are most suitable for the preparation of
catalyst by pressure reduction, Hitrate and chloride of
nickel can also be used for the precipitation of either
basic carbonate or hydroxide, In the preparation of
catalysts from these salis, hyflo-supercel was used as a

support,

S8ince the activity of the catalyst is dependent upon
such operating variables as the temperature of preéipitation,
the rate of mixing the two solutions and their strength,
ete, the basic carbonate of nickel was prepared by three
different methods and the properties of nickel catalysts obtained
were compared, The three precipitation methods are briefly
sumnarised beléw,

METHOD 1.
It depends upon the precipitation of basiec carbonate

using concentrated solutions,

Nickel sulphate (86,0 g.) was dissolved in
distilled water (200 e,e,) and the solution brought to boil,
To this solution, hyflo-supercel (10 g.) was added while a
vogorous stirring was maintained, & boiling solution of a
chemically equivalent quantity of anhydrous sodium carbonate
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(36 g.) in distilled water (100 c,e.) was added drop by drop
to the solution of nickel sulphate, The thick flocculent
precipitate formed was boiled for about half an hour and
then filtered through a sintered glass funnel, After several
washings over the funnel with hot distilled water till free
from alkall, the precipitate was dried at 100°-120° overnight,
ground, sieved through 100 mesh sieve and stored in a dry
bottle,
HOD
It depends upon the precipitation of basic carbonate
using dilute solutions,

Wickel sulphate (86 g.,) was dissolved in distilled
water (4 litres) and the solution brought to boil, when
hyflo-supercel (10 g.) was added, The whole mass was kept
in uniform suspension by maintaining a vigorous stirring.

4 boiling solution of anhydrous sodium carbonate (35 g.) in
distilled water (1200 c.c.) was added drop by drop to the
solution of nickel sulphate in 1,5 hrs, The thick flocculent
precipitate formed was boiled for another half an hour, and

then filtered through a sintered glass funnel, The

precipitate was resuspended in boiling distilled water (4 litres’
and filtered, This process was repeated three times till

the basic carbonate of nickel was free from alkali, It was
then dried at 110°9-1209C overnight, ground, sieved and stored

in a dry bottle,

THO I
It depends upon the precipitation of basic
carbonate of anickel using dilute solutions with a continuous

washing to make the carbonste free from alkali,
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The procedure adopted is the same as given in
Method II, But the washing technigue was slightly modified,
The thick flocculent preeipitate formed was kept boiling
in an enanel bucket while being stirred, 4n inverted sintered
funnel was kept suspended in the bucket and attached to a
suction for continuous removal of water, 4&n egual guantity
of fresh distilled water was added to the procipitate in
the bucket from a Jar placed over it., Thus the level of
water in the vessel was maintained constant without
affecting fha dilution of the precipitate. The washing was
thus continued for sixteen hours till the basic carbonate was
free from slkall, The preéipitate was finally filtered
through a sintered glass funnel, dried at 110°-1200C
overnight, ground, sieved and stored in s dry bottle,

Similarly nickel nitrate was used for the
preparation of basic carbonate of nickel by the first twe
methods,

Wickel hydroxide was prepared by the addition
of a chemically equivalent guantity of ammonium hydroxide to
a solution of nickel sulphate (86 g, in 200 e.c.) containing
hyflo-supercel (1C g.,)., The precipitate was filtered
through a sintered glass funnel after boiling for sbout half
an hour., It was once washed with hot distilled water, dried
at JIOO-IEOPC overnight, finely ground in s mortar, sieved and
stored In a dry bottle,

dssuming that no nickel was lost in the preparations,
the above precipitated salts of nickel contained approximately
18-20 gms., of metallic nickel,
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Basic nickel carbonate (58 ¢,) obtained from

nickel suiphate by the first method and refined groundnut oil
(232 g.) were taken in a laboratory Parrs' medium pressure
hydrogenationa apparatus described earlier, The speed of
agitation was maintained at 525-560 r.p.m, 4 slow stream

of hydrogen was bubbled through the oilenickel earbonate'
aixture, The residual gases were allowed to escape through
the vent cock, The contents in the autoclave were heated

to 150°C when the initial reaction began, The temperature was
maintained at aboqt 190°C until this preliminary activity

in reduction was over and moisture driven off, The temperature
of the autoelave was then slowly raised to 250°C. The vent
cock was then closed and the hydrogen pressure raised to

100 p.s.i. The gases produced due toc reduction of the nickel
salt were vented at regulsr intervals. 4s soon as the
reduction of basic nickel carbonate was over, the oll started
hydrogenating rapidly, The charge was maintsined at 2500C
and 100 p.s.i. for about 4 hrs, when the catalyst became dark
grey in colour and no green particles were visible, 4t this
stage there was no further appreclable consumption of
hydrozen, The heat was then turned off, but the agitation

and the pressure of hydrogen were maintained during the cooling
operation, When the catalyst charge cooled down below 100°C,
it was removed ffom the autoclave, The excess of oil from
oilenickel catalyst mixture was filtered through a double No:l
Whatman filter paper in a hot filter funnel so that the
concentration of nickel in the congealed catalyst cake was

about 25 per cent,



(6

8imilarly five more samples of catalysts were
prepared, four from basic nickel carbohatea and one from
nickel hydroxide obtalned by the various precipitation methods
described above,

ion of ti ickel catalyst b
pressure reduction at 300 p,s.i,

In order to study the effect of reduction
pressure on the activity of nickel catalyst obtained by the
wet-process a sample of basic nickel carbonaste obtained from
nickel sulphate by the precinitation method of concentrated
solutions (Method I) was reduced under a hydrogen pressure
of 300 p.s.i,

The comparative activities of the above seven
samples of nickel catalysts were tested by using them for the
hydrogenation of refined groundnmut oil (500 g,) in the Parr's
medium pressure hydrogenation apparatus, The hydrogenation
conditions of tempersture, pressure and catalyst concentration
were the same as standardized when the catalyst obtained from

nickel formate (Chapters I and II) was used.

The characteristies of the verious products

obtained are rerorted in Table X,

OBSERVATIONS,
From these results it may be seen that the

catalyst obtalned from basic nickel carbonate precipitated by
the continuous washing procedure (Method I1I1) is superior to
those obtained either by the precipitated method of
concentrated solutions (Method I) or by the method of dilute
solutions (Method II), Purther, the catalyst prepared in
concentrated solutions is superior tc that obtained in dilute

solutions,



g

4 ref@uction pressure of 100 p.s.,i, is preferable
to the higher pressure of 300 p.s.i, for the decomposition of
nickel salts into nickel catalysts,

The catalyst obtained from nickel sulphate is better
than that obtained from nickel nitrate if selectivity of
hydrogenation is considered, This may be due to the presence

of traces of sulphate ions present in the catalyst,

The catalyst from basic carbonate is to some extent
superior to that obtained from nickel hydroxide both as
regards the consistency of the product and selectivity of

hydrogenation,

Conclusions

Besides the formate, the basic carbonate of nickel
prepared from sulphate in dilute solutions using a continuous
washing technique and supported on @ neutrsl carrier ss
hyflo-supercel when reduced under a2 moderate pressure of
100 p.s.i. at a temperature of 245%9-250°C by wet reduction
process gives a catalyst by the use of which a hydrogenated
product of satisfactory consistency and selectivity can be
obtained, The activity of such a catalyst is comparable with
that obtained from nickel formate,

Ll 2 2
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CHAPTER V.

E T _OF OTHER MET ON THE VITY OF NICKEL
ALYS

Numerous instances are known in which the sctivity
of a catalyst is increased by the addition of a substance in
small amounts, Ipatietrl was the first to discover the
accelerating effect of small quantities ?f iron in the
catalytic reduction of amylene to the hexahydro compound by
means of oxide of copper, Dewar and Liebmann® prepared the
catalyst reguired for the hydrogenation of fixed oils from
a mixture of the oxides, hydroxides, cobalt, copper and
iron with or without the addition of silver oxide,
Taylor3 states that the addition of copper to the nickel
catalyst increases the life of the catalyst and renders it

less susceptible to poisons. Kahlenberg and Ritter4

claim that a catalyst containing equal weights of nickel and
cobalt is more active than either metal when used alone,
Ellis5 reported that the hydrogenation can be carried out
rapidly and at comparatively low temperatures by adding an
oxide of some rare metal which reduces with difficulty to any
of the catalysts, iron, nickel, cobalt, or copper,

Opposite views are, however, held by &rmstrong and
Hilditen®. They state that nickel-copper catalysts prepared
at 180°C are not so active as plain nickel catalysts produced'
from basic carbonate of nickel by reduction at higher
temperatures, Pate17 also states that the presence of
metals like cobalt, silver and copper in nickel catalyst have
an inhibiting effect on its activity.
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E111s% recommends the use of salts containing
carbon such as carbonates or formates for the preparation of
act;ve catalyst either as such or in the promoted form,

The proportion of the components employed in the catalytie
mixture may be varied consideprably, Even an addition of
one per cent or less of the promoter has been stated to
produce favourable action, The use of mixtures containing
strongly basic bodies in the hydrogenation of fats has been
found undesirable,

Medsforth® has stated that as it is difficult to
secure s uniform deposit of the catalyst and promoter
of the same composition on the carrier, concordsnt results
cannot be expected, He also observed that promoters may

act selectively,

William and 'raylor9 also believe in the
selectiveness of the promoters, The function of the
majority of the promoters according to theam is simply to
increase the available surface of the catalyst., Similar
view points are held by Armstrong and Hilditch®. Glass
and Kahlenberslo conclnd;d that those materisls which
inhibit the catslytic activity of platinum and palladium
have been found to affect nickel similarly, The behaviour
of the supports with relation to the hydrogenstion of
cottonseed oil by nickel can be classified as follows,
Reducible heavy metal oxides completely inhibit the activity
of nickel, The salts of those metszls that decompose on
heating in a stream of hydrogen completely inhibit activity,
Substances with corrosive properties retard but do not

completely inhibit activity, The more inert the support
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becomes towards nickel, the greater is its tendency to

enhance activity,

Present work

The effect of other metals on the activity of nickel
catalyst has so far been investigated by various workers
using dry reduction technique involving temperature between
325 and 450°¢10, 4s has been stated earlier, the catalysts
prepared Ly this procedure are pyrophoric in nature
and their activities are difficult to control, It was,
" therefore, considered worthwhile to investigate the behaviour
of other metals on the activity end selectivity of niekel
catalyst when prepsred from basic carbonate by wet

reduction process.

Since Ellis5 has pointed out that excessive amounts
of the promoter reduces the exposed surface of the catalyst
and may have adverse effect on its activity, salts of various
metals, the effect of which were to be investigated, vere
taken in such amounts that the metals did not form more
than 10 per cent of the nickel catalyst. Salts of copper,
czleium, barium, strontium, dithium, and calecium and
megnesium mixture (131) were added to nickel salt in amounts
so as to give about 10 per cent of metal on the available
nickel, Similarly salts of titanium, iron, manganese,
chromium, aluminium and cobalt were to get about § per cent,
while silver and other razre earth salts were tsken to get
only 0.1 per cent metal on the weight of the nickel catalyst.
For the preparation of the metal-nickel catalyst, the
procedure of preparing the basic carbonate in concentrated

solutions deseribed in Chapter IV was employed as it is more
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rapid than the continuous washing method inspite of the
fact that the catalyst prepared from the basic carbonste of
nickel oblained by the latter is the most efficient found
so far, 4s an illustration, the method of
coeprecipitating copper and basic nickel carbonate is

described as follows,
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BEX PERIMENT & L,

Nickel sulphate (91 g,) and copper sulphate (8,7 g.)
were dissolved in distilled water (200 c.c.) and the
sclution boiled., To this solution hyflo-supercel (10 g.)
was added while s vigorous stirring was maintained to keep
the mess in well suspension, & hote solution of sodium
earbonate (40 g.) in distilled water (100 c.c.) was slowly
added drop by drop to the copper-nickel solution, The thick
floeculent precipitate formed was boiled for about half an
‘hour and then filtered through a sintered glass funnel,
After several washings on the funnel with hot distilled water
till free from alkali, the precipitate was dried at
1100-120°C overnight, ground, sieved through 100 mesh
sieve and stored in a dry bottle,

The other promoters were co-precipitated with
nickel in a similar manner using mostly chlorides of the
metals,

Armstrong and Hilditeh® have stated that a somewhat
incomplete precipitation of coprer by alkaline carbonate
is essential, for they found that a very close connection
existed between the preecipitates giving rise to asctive
catalysts and the class of compounds termed by Pickering

L-cupricarbonates N@oCH(COg)e. On the basis of their
findings, one expsriment was conducted in which copper
sulphate and nickel sulphate were incompletely precipitated
by reducing the quantity of sodium carbonate to 30 grams
and corresponding reduction of hyflo~supercel to 7,5 grams,
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4 sample of aluminium-nickel catalyst was prepared
by the method described by Bailoyll as follows,

Sodium hydroxide 16 Be® (36 g.) was added to a
mixture of aluminium powder (15 g,) and hyflo-supercel (10 g.).
Yhen the foaming subsided, z solution of scdium carbonate
(67 g.) was added and the mixture made upto 2 litres with
distilled water, It was then added to the nickel nitrate
solution prepared by dissolving 100 gms, of the salt in
distilled water (4 litres) over a period of 1,5 hrs,
The temperature of the bath was raised from 65°C, to
ﬁoiling. The precipitated catalyst was filtered, resuspended
in hot distilled water (4 litres), again filtered and the
process of washing repealed twice till when it was free from
alkali, The precipitate was dried at 110°-120°C overnight,
ground, sieved through 100 mesh sieve and stored in a dry
bottle,

The various co-precipitated bagic carbonates
obtained as above were reduced for the preparation of the
catalysts by wet reduction process described earlier
(Chapter IV), The reduction pressure of hydrogen was
maintained at 100 p,s.i, during the process, The reduction
was considered gs completed when no further absorption of
hydrogen took place as indicated by the pressure gauge.

This toock about 4-5 heurs, The excess of o0ll was filtered
off so that the nickel content in the catalyst cake was
about 25 per cent.

411 the precipitated nickel catalyst were tested
for their effectiveness by conducting the hydrogenation of
refined groufdnut oil (500 g.) in the Parr's hydrogenation



)

apparatus described earlier, The catalysts were taken in such
amounts as to give 0,2 per cent nickel on the weight: of

the o1l, Hyflo-supercel (2 g.) was also added, The
temperature 180°c. and pressure 85-20 p.s.i. were maintained
during the process, The hydrogenation was c>nsidered as
completed when the fat attained a slip point 369-37°C, The
fat was then filtered and the catzlyst removed, The
characferistics of the products obtalned by using nickel
catalysts co-precipitated with various metals are given in

Table XI,

QObservations:

From these results, it may be seen that taking the
time of hydrogenation of the oil to the slip point 36°-37°C,
all tﬁo metals except molybdenum, silver and chromium have
behaved as retarders for the activity of the nickel catalyst,
This may be due to the fact that the catalyst in the present
investigation have been prepared by wet reduction process at
the minimum tempersture of 250°C as against the dry reduction
process employed by previous workers, Even with the three
metals found to be promoters as regards rate of
hydrogenation is considered (item 18-20 ~ Table XI), the
consistency of the products and the selectivity of
hydrogenation have not been guite satisfactory; is
chromiums 1s the cheapest and most easily available metal of
these three promoters, smaller guantites e.g, 1,0 and 0,8
per cent on the welght of the nickel catslyst were tried,
is may be seen from the dsta in items 21 and 22 of the above
Table, almost similar types of products were obtained as when

80 per cent of the metal was used as a promoter,



Basic carbonate of nickel co-precipitated with
chromium salt (5.0% metal) was prepared by continuous
washing procedure described in’Chapter 1v, The chromium-
nickel catalyst from the mized sall was prepared by wet
reduction process under 100 p,.s,i, hydrogen pressure by the
usual method, This catalyst was used for the hydrogenation
of groundnut oil under the conditions already mentioned,
The hydrogenated product obtained was found to have good
consistency, Its fatty acid composition (item 23
Table XI) was almost similar to that when nickel eatalyst

from nickel formate was used,

Conclusions:

The continuous washing'brocedure might have caused
advantage in the preparation of the catalyst, that, besides
the complete washing of the alkali from the precipitated
basic carbonates of the metals, the requisite erystalline
form of the crystals is maintained,

*dw
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The quantitative determination of isooleic acids
contents in partially hydrogenated fats is of great
importance because these acids contribute to the body of

the product at low temperatures,

Mborol

observed the presence of solid isooleic
acids in various hydrogenated fats, He examined ethyl
oleates which had been partially hydrogenated, He

concluded that the solid iso-oleic acids were composed
of zﬁg,lo‘: zﬁgl’lz--, and possibly éﬁgo’ll--,
iso-0leic acids. The éﬁf’lo-, isomer was considered to
be elaidic acid, He believed that the above two

positional isomers probably also possessed trans coanfigurations,

Hilditch and Vidyarthi2 reported that in the
hydrogenation of methyl oleate, both éﬁf's -y and 10,11
oleic acids and their trans-modifications in addition to
some elaidic acid are formed, So both Moorcl and Hilditeh
and Vidyarthi found that during the partial hydrogenation
of alkyl oleates, both geometrical and positional isomers
are formed,

The &merican 0il Chemist's Society recommend the
modified Twitchell lead salt-aleohol method® for the

deteraination of iso~oleic acids in fatty acid mixtures,

Swern and coovorkers4 developed a methed for
determination of trans octadecencic acids and related

compounds, based on the gquantitative measurement of absorbtion



at 10,36wu, They compared the infra-red method with the
lead salt alcohol method of determining trans-octadecencic
acids in mixtures with cis-isomers and saturated acids and
found that the former was more rapid, speecific and

accurate than the latter method, They observed that by the
lead salt alcohol nethod, the results in most cases

differed widely from those obtained by the infra-red
spectrophotometric technique, Trans octadecenoic acids are
not determined quantitatively by the Twitchell lead salt
aleohel methed, The results are always low by this
procedure, Moreover when large amounts of cis-acids are
present, these are also isolated partially with the solid

gcid fraction,

Jackson and Callons also compared the lead salte
alcohol method with the infra-red method and confirmed the
greater accuracy and convenience of the latter procedure,

The Twitchell method is fairly satisfactory for simple
elaidic-oleic acid mixture but gives very low values with
ordinary hydrogenated fat acids, The reason for this failure
has been attributed to the increasing solubility of lead
iso-oleate with the inecrease in the number of trans iso-

oleic acids,

Cocks, Christian and Harding6 have suggested a
modification of the Twitchell method, involving the use of
petroleum ether (40-60°) in conjunction with the formation
of lead salts in alcohol for the more accurate

determination of iso-oleic acids in fatty acid mixtures,



4lthough the infra-red spectrophotometric
method has been found tc be rapid, specific and accurate
for the estimation of trans iso-oleic scids in fatty acid
mixtures, it requires special equipment which is not always
available, During the investigations on the modification
of nickel catalyst for the hydrogenation of oils carried
out in this laboratory and sumnarised in the earlier
chapters, the amount of iso-oleic scids in various
hydrogenated samples of groundnut and cottonseed olls
have been determined by the method of Gocks®, The
results have generally been found to be in close agreement
with those obtained by the infra-red spectrophotometric
method, showing thereby that the method of Cocks,
Christian and Hardin;.‘ may alternatlively be employed for
the accurate determination of trans iso-clele acids in

hydrogenated fats,



al
E_X_PE_R_I_ME N_T_a_L.

The fatty acids of the partially hydrogenated
grouninut and cottonseed oil samples referred to in
previous chapters were prepared by the usual saponification

procedure as follows,

Hydrogenated fat (50 g.) was saponified with a
solution of potassium hydroxide (15 g.) in 95% ethyl alcohol
(260 c.c.), the solution was boiled freely under reflux
eriase condenser for 3 hrs,, and the excess of alecohol
recovered by distillation, The soap was dissolved in
distilled water and after removal of unsaponifiable matter,
was converted into the free fatty acids by werming with
sulphuric acid (131), The liberated acids were extracted
with petroleum ether (50280°), the ether extract, washed
free of mineral acid, dried over anhydrous sodium sulphate
and filtered, The mixed fatty-acids recovered by removsl
of petroleum ether were eventually dried under vacuum
at 100°c.

The determination of iso-oleic acids in the
various samples of hydrozenated fat was carried out in

duplicate by the method of Cocks et .16 as follows,

In all cases a quantity of 3,5 gms, of the freshly
prepared fatty acids was dissolved in 50 e.c, of 92-93 per
cent aleohol and 3,45 gus, of lead acetate, Pb(CHzC00)o3Hg0,
was separately dissolved in 50 c¢.,c, of simllar alcchol, Both
the solutions vere heated to boliling point and that containin
the lead acetate was poured into one containing the fattye
acids, After mixing and again heating to boiling, the
solution was allowed to cool slowly and kept overnight
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The next morning the mixture was stirred and
filtered from the alcohol as completely as possible on a
10 ¢m, Buchner funnel, which was then transferred to a clean
filter flask, The lead salts on the Buchner funnel and
any remaining in the precipitating vessel wss washed with
100 c.c, of petfoleum ether (4o°-60°) using amounts of 20 c.c.
at a time, and the washings were then distilled from a water-
bath to remove the petroleum either completely, The
residue was redissolved by boiling under a reflux condenser
with 20 c.c, of 92-93 per cent alcohol containing one drop
@5 g.) of zlacial acetic acid, The solution was allowed to
erystallize at 18°C for 3 hours, The lead salts of the
solid aclds were filtered and washed with 20 c.,c, of cold
92«93 per cent alcohol, The solids remaining behind on
the filter paper vere worked up with the main bulk of the
lead salts of the solid acids, Finally they vere decomposed
with dilute nitric acid in the presence of ethyl ether,
washed the latter free from mineral acid and dried over
anhydrous sodium sulphate, The solid acids were recovered
by the removal of the solvent and eventually dried under
vacuum at 1009C. The totzl solild acids were weighed, a
portion was used for iodine value determination from which the
amounts of solid saturated snd solid unsaturated acids were
calculated,

The values of the unsaturated solid acids were
checked by the infra-red spectrophotometric method for which
a Grubb Parsons spectrometer of the single beam type with a
sodium chloride prism was used, Determinations were made
using a fixed slit 0,2 mm., and a 0,1 mm, sodium chloride cell,
The fatty scids of hydrogenated fats were examined as



solutions of known concentrations in purified carbon
bisulphide, The base line technigue of Wright7 and Heigl,
Bell and White® was used for the measurement of optical
densities, It has been shown by Rasmussong and Swer!i4

that trans-moncunsaturated compounds have a strong
characteristic absorption at 10,36mu unlike cis and saturated
compounds, 4 calibration curve (Fig, 1) of edaidic gcid
(B,D,H,) was obtained by plotting its known concentrations

in carbon bisulphide against their optical densities which
were determined by finding out the per centage absorptions

at 10,36mu, Extinction coefficient, X, was calculated from

the formula K =:E§T- » Where d is the optical density, ¢ is

concentration in g/litre and 1 1s cell thickness in cm,

The extinction coefficient (K) for pure elasidic
acid has been found to be 0,593, The extinction coefficients
of the acids of hydrogenated fats at 10,367u were obtained
as above and from these values and that of pure elaidic acid,
the per centages of trans-isocoleic acids in various saamples
were calculsted, For each sample, six values were

independently taken gnd the mean result recorded.,

The ﬁer centages of iso-olelc scids in various
samples of hydrogenated groundrut and cottonseced oils found by
both the chemical and spectrophotometric methods have been
reported in Tables XII. and XIIJ



d
DISCUSSION 44D CONCLUSION.

From the dats giwen in the above two Tables, it
is seen that, with the exception of five results (Table XII.),
‘there is a fair sgr-ement between the amounts of iso=-oleic scids
as determined by infra-red spectrosopic method and by
Cocks et a1® chemical procedure in various samples of
hydrogenated fats, Even in the results of five samples, the
variastions between the two values have not been more than
6,5 per cent, The chances of sepaiation of the lead salts of
the various isomers of cis and mono-ethenolid Cla-acids
formed as a result of shifting of the double Eond of oleic
acid or dﬁe to hydrogenation of linoleic acids are greatly
minimized because at first the cis-positional isomers
are formed much iess than the trans oneslo. Secondly the
lead salts of the isomeric solid oleic acids were found by .
Hilditch and Vidyarthig closely similar in solubility so that

little or no sepsration results, In fact Zcfig, and

10211
e -, octadecenocic acids were found by them as to

furnish the soluble lead salts, PFurther the data in Tables
%11, and XIM.clearly shiow that in cases where the results by
Cocks method were higher than the infra-red procedure, the
differences were of minor nature and remained within the
experimental error,

Therefore, the Twitchell lead salt alcchol procedure
as modified by Cocks, Christian and Hardings may be
recommended as an alternative procedure for the determination
of trans isooleic acids in the hydrogenated fats, where more

accurate infra-red absorption procedure is not available,

R e
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TafiE X1l

Trans Iso=-olele acids in the fatty acids of various saamples of
hydrogenated groundnut oil,

Rt o - -~

Variation of Cocks
value fron infra-

red value

£

40,75 41122 T 41,1
32,94 33,70 +2.3
30,20 28.37 -6.0
5,20 4,88 -8,1
18,50 17,30 , -6,5
31,70 31,87 -0
29,87 29.7 0.5
24,98 256,33 +1,.4
35,80 36,46 -0.8
24,58 24,47 -0.4
31.80 32,14 +2.0
28,02 23,20 + 0,6
25,68 25,90 +0.8
35‘8’0 36.46 —0.9
¢4 ,86 74,80 +0,.2
28,064 26,60 +0.2
36,48 36,60 +0,2
20,89 30,80 -0
41,34 40, 98 -0, 4
30,98 30,70 =-0.8
35,82 36,96 +0,4
28,72 26,10 +1,.5
33,982 23,58 -1.1
23,72 27.31 -4,.9
24,78 25,50 43,0
40,10 37,80 ~5.8
24,28 36.48 +3.5
37,18 37.80 +1,.7
37,11 37.88 +2.0
32,99 33,68 +2.1
33.20 33,83 +1.3
38,00 36,83 +1.2

ER W W o M W o e W W O e W W W ae W e W e w - e W a W wm W -

Note: The first three were comaercisl brands of vanaspati
samples,



TaBLEXILT.

Transe-Iso-oleic acids in the fatty acids of various samples of
hydrogenated cottonseed oil,

rang Iso-oleig¢ acids in fatty acid samples

Variation of Cocks value
from infra-red value %

Infra-reﬁ method Cocks et ;1 method
7
42,82 43,17 +0.8
39,97 40,586 +1.5
44 .84 44,69 -0.3
46,47 46,61 +0,.92
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O _N-BROMOSUCCINIMIDE IN THE PRODU
ONJUGATION IN FATTY-aCIDS &ND OIL

L2

INTRODUCTION,

The recognised benefits of conjugated
unsaturation in drying oils and the continued shortage and
high price of conjugated oils (tung o0il) have focussed the
attention of chemists and technologists alike upon ways and
means of providing asdequate supplies of drying oils of this

type at more reasonasble cost,

When two or more double bonds are present in the
same fatty-acid, the opportunity for the occurrence of
positional isomers is incressed, However, only a few such
isomers have been observed in naturasl fats and most of these
belong to the triencic Qcid series, In addition to these
natural isomers, other positional isomers of linoleic scid
are produced by a varlety of chemical reactions, seversl of
which are of industrial inpdrtance. Further it has been found
that, if the double bonds are situated in conjugated position,
the importance of isomeric polyethenoid acids increases
considerably, Thus methods of creation of new double
bonds in conjugated position for developing drying properties
in fatty oils or acids of low unsaturation have been fregquently
reported, They are sumnarised below,
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lsomerisation of double bondss- Moore! observed that the
fatty-acids produced by prolonged saponification with
potassium hydroxide of fats containing ordinary linoleic
acid, exhibited ultra-violet absorption maximum at 230 mu,
which 1s characteristic of the presence of conjugated double
bonds, It was later established by Kass and Burr? that when
equal weights of linoleic acid and potassium hydroxide

were heated for two hours with four volumes of ethylene
glycol, the linoleic acid was converted into a crystalline
acid, m.p.79C; ester m,p.419C, On the basis of disruptive
oxidation, the acid was identified as A -10%11s 12113, 14116
-gctadecatriencic acid, and hence a positionsl isomer of
naturslly occurring elaeostearic acid, This acid was

designated as pseudo-elaeostearic acid,

The isomerisation of polyunsaturated fatty-acids
can be affected in the presence of a solvent, by heat and the
catalytic action of alkalies, siliceous earths, metallic
oxides and various other catalysts, Turk and Feldman3
have described the use of siliceous materials as catalysts
for the isomerisation of double bonds in unsatursted fatty
0oils and scids so as to produce conjugation, Schoiber4
mentioned the use of metallic oxides (aluminium and mercury
oxides) as isomerising catalysts, Turk and Boono5 used
activated aluwina, aluminium oxide, and some oxides of
groups 1V and VIA of the periodic system for the same
purpose, They observed that the physical properties of the
catalytic materials constitute a significant factor in



%%
determining the extent of the igsomerisation reaction,

The isomerised oils which have recently appeared
on the market in the United States are prepared by treating
oils containing linoleic and linolenic acids in such a manner
as to induce s shift in the double bonds of these acids to
conjugated positions, These oils, like dehydrated castor
oil, are substituted for tung oil, Host of the isomerised
0ils are made from soybean and linseed oils by alkali
isomerisation process developed by Bradly and Bichardsone.
They have described a process which has enabled the
formation of 30 to 50 per cent of conjugated acids from
soybean and linseed oils, sﬁch acids have been found to be
useful for the production of improved drying oils and resins,
This process is uneconomical as it consists essentially
of reacting the fatty-acids of the oil with an excess of
aqueous alkali solution at a high temperature (425°-450°F)
and re-esterifying the resulting isomerised acids with glycerol,

Mitchell and Kraybill7 observed that the
absorption spectrs of linseed, soybean, corn and cottonseed
oilsy, and the esters of linoleic and linolenic acids were
gquite dissimilar before and after bleaching with fuller's
earth, Linoleic acid and the oils containing the above
acids, when subjected to the action of bleaching earths,
were found to have developed a specific absorption maximum gt
268 mu which is characteristic of triene conjugstion, If
the acid or oil is first oxidized by blowing it with air at
100°C and then bleached with fuller's earth, the concentration
of triene conjugation is increased, The authors concln@o,

therefore, that the action of bleaching earths results in
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dehydration of pre-existing oxygenated acids or of similar
acids which may be produced by blowing the oil with air,

Debromination of tetrabromostcaric acidsi- Brode and
co-workers® have shown that the nature of the linoleic acid
produced on debromination of tetrabromostcaric acids
depended upon the original tetrabromostearic scids and the
method of debromination, The regenerated acids were
generally found to consist of mixtures of conjugated and non-
conjugated linoleie acids, and in some cases consists of
small amounts of triene and tetraene conjugated Qcids also,
The formation of conjugated acids on debromination was
attributed by these authors to the catalytic isomerisation

action of zinec bromide formed during debrominstion,

Creation of double bond by dehydrationg~- Schieber‘ in 1931
found that when ricinoleic acid is heated at about 300°C,
the hydroxyl group at the 12th position tskes an atom of
hydrogen either from the 11th carbon atom or the 13th of the
molecule and is removed as water leading to the formation

of 9311~ and 9312~ linoleic acids, When these acids are
esterified with glycerine, an o0il of good drying properties
is obtained, The process was subsequently applied to the
castor oil itself for the formation of dehydrated castor oil.
Although schieber claimed that the constituent fatty acids
consisted upto 90f of the conjugated acid, this claim,
however, has not been substantiated and not more than one
third of the ricinoleiec acid changes to 9:1l-linoleic acid,
Side by side with the formation of dehydrated castor oil,
decomposition of the oil takes place to some extent with the

production of heptaldehyde, undecenoic acid, octylene, sebacic
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acid, semi-sldehyde, acreolein, myristic, palmitic, stearic

and oleic acids, To reduce these decompositions to the
minimum, it is, therefore, necessary to keep the temperature
below 2809C and since the rate of dehydration is slow at

this temperature, to use a catalyst, Humerous catalysts have
been employed for this purpose, Sulphuric and phosphoric acids
and their acid salts have been used with success, The

other catalysts are: oxides of metals as aluminium, zine,
tungsten, persulphates, sulphonic acids, etheionic acid,
chlorides of iron, zinc, calcium, silicon, phosphorus etc,

The catalysts besides helping in the dehydration of the oil

should be such as to give the minimum of decarboxylation
of the oil,

Dehydrated castor oil is used extensively in the
formulation of paints and varnishes and in the manufacture
of linoleunm, Its film is superior to linseed 0il comparing

gquite favourably in certain respects to that of tung oil,

Isomerised oils are also prepared by the
introduction of hydroxyl groups by oxidation accompanied
by dehydration®, The method of oxidation and dehydrastion is
comsonly used for the preparation of synthetic or modified
drying oils from oils rich in oleic acid, soybean and
linseed oils by blowing them with air or treatment with
other oxidising agents, followéd by catalytic dehydration,
The dehydration reaction leads to the formation of additional
double bonds in both the linoleic and linolenic acids which
are present in these oils, At least a portion of the newly

introduced double bond is conjugated with the other double bond,
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Munzel processi- 4 process for making a triple-unsaturated
conjugated ester from castor o0il using a freshly precipitated
tungstic acid anhydride was reported by Munzollo. Munzel
process claims the production of mostly conjugated dehydrated
castor oil from the rsw oil, Dehydrated castor o0il is known

as dienol, which is then treated with hypochlorous acid when
hydroxyl group of hypochlorous acid adds to the 9th carbon atom
and chlorine atom to the 12th carbon atom, Removal of
hydrochloric acid and water gives a triple unsaturated conjugated

ester,

Creation of double bond by dehydrdehlorination: The
isomerisation can also be brought essentially through chlorination
folloucdlgy dehydrochlorination as shown by Gardner and

Bilelouss ., Details of this process are under patent

literature,
lic ¢ i W t oc ite: Teeter and

co-workersl2 have carried out allylic chlorination with ter-
butyl hypochlorite of methyl oleate, methyl linoleate and

some vegetable oils under varied conditions of reaction and
through thermal dehydrochlorination introduced conjugation,
principally of diene and triene type. In the case of methyl
oleate, they found that the products consisted mostly a mixture
of allylic and non-allylic mono-chloro derivatives and a
saturated dichloro derivative possibly methyl 9:10-dichloro
stearate, Methyl linoleate was converted by ter-butyl
hypochlorite and methanol to methyl dimethoxy dichlorostesrate
and its thermal decomposition resulted in the formation of 21,7%
methyl diketo stearate, They have explained all these reactions

via a free-radical chain process, More recently, Lrnold" has
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taken a patent on the use of metal hypochlorite for the same

purpose,

Wohl-Ziegler reactions~- Wohll introduced a method for the direct
addition of 2 halogen atom (Bromine) in the allylic position

of an olefin by means of N-bromcacetamide, In 1942, Ziegler

et a1l® puplished their extensive researches on the allylic
bromination of olefins by means of N-bromosuccinimide, This
reaction is now commonly known as Wohl-Ziegler resction,
ziegler et all® nave shown that a hydrogen atom on a methylene
group adjacent to an ethylenic double bond is substituted

via a free-radical chain mechanism,

Tecterl® applied the Wbhl-Zicgler reaction to
esters of soybean fatty ascids and methyl linoleate, ‘ He
introduced bromine in the allylic position in methyl esters of
these fatty-acids, He furt er investigated the reactions of
the brominated esters with sodium methoxide, cuprous cyanide,
and sodium cyanide,

Bchmid and Lchlan17 brominated methyl elaidate and
methyl brassidate with N-bromosuccinimide and after dehydro-
bromination isolated ‘A?'lz-octldecadionoic and A?3'15-
docosodienoic acids, They used equimolecular pwoportions of
Nebromosuccinimide and methyl ester of mono-oleifinic acid.,
Gunstonel8 has, however, pointed out that the properties of the
former acid differ from those of the known trans-trans 9,11
octadeca-dienoic acid and call for confirmation of these results.

From their experiments on the bromination of methyl
oleate with egquimolecular proportion of N-bromosuccinimide and
subseguent permanganate oxidation of the brominated products,

Suttan and Dutta 12 observed that both the 9 and 11-mono-bromo-
oleates together with a small quantity of dibromoester were
fommed, They, however, could not separate the two monobromo

isomers in pure state,
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Clemo and Stevens treated methyl petroselinate
with N-bromosuccinimide and obtzined an oily monobromo-
compound, Its dehydrobromination by collidine gave a product
shown by ozonélysis and unsaturation to be octadeca-6:8«
dienoic acid, Bergstrom and Hansson?l carried bromination of
methyl linoleate with N-bromo succinimide in ultra-violet
light and reported the formation of diene conjugation during
bromination as a result of the tautomerism of the pentadiene

systea in a free radical reaction,

PRESENT WORK:

In this laboratory methyl esters of oleic,
petroselinic, erucic, stearolic and behenolic acids have been
brominated in allylic position with N-bromosuccinimide in
presence of benzoyl peroxide as a catalyst. The brominated
products were then subjected to thermal dehydrobromination
leading to the syntheses of the corresponding conjugated acids,
viz,, 9311l-octadecadiencic, 6:8-0ctadecadiencic, 13:15-doco~-
sodlenoic, 1ll-octadecen-9eynoic and 15-docosen-13-ynoic
aclds, respectively, The production of these acids was
confirmed by ozonolysis which gave heptancic acid in the case
of oleic, erucic, steazrolic and behenolic acids and decanoic

acid in the case of petroselinic acid,

Dehydrobrominated products from the bromoe
derivatives of methyl esters of oleic, petroselinic and erucie
aclds showed blue fluorescence under ultra-violet and had
intense absorption maxima at 231 mu, indicating a diene conjugsted
system, The values of refractive indices, iodine values,
diene values, and catalytic hydrogenation pointed towards

the production of conjugated unsaturation and also helped
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in the estimation of the extent of unsaturation,
Dehydrobrominated products from the bromo derivatives of
methyl esters of stearolic and behenolic acids exhibited
ultra-violet absorption maxima at 228 mu, indicative of a
conjugation between an acetylenic and olefinic bend.

The presence of acetylenic bond was confirmed by infra-red
absorption spectra, All the characteristies of the
stearolic acid product, so far determined showed that it may
be methyl ester of ximmenynic acid or its isomer,

Allylic bromination of methyl ester of 93112«
linoleic acid with N-bromosuccinimide in presence of
benzoyl peroxide and subsequent thermal dehydrobromination
yielded a product which showed ultrs-violet absorption bands

characteristic of diene, triene and tetraene conjugation,

This work was extended to some seed oils
(mustard, groundnut, safflower, Pangomia glabra (Karanja),
melia indica (neem), olive, and tobacco oils). In the case
of oils, the thermsl dehydrobromination was found to lead
to gelation, However, the process of dehydrobromination
was carried out successfully by the use of pyridine,
quinoline, or 2:4:6 collidine, The ultra-v.olet absorption
spectra suggzested the presence of both diene and triene
conjugation in the component fatty acids of the oil,

k¥
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EXPERIMENTAL,

411 the fatty acids and oils were of high grade
purity, The fatty acids were converted to their methyl
esters as usual, The experimental details of bromination of
methyl oleate and groundmut oil with N-bromosuccinimide and
their subsequent dehydrobromination are given below, Similar

treatment is applicable to other acids and oils,

4 400 ml, three-necked flask, equipped with a
mercury-sealed stirrer, a condenser with CaClg tube and an
inlet for dry nitrogen gas was employed, A solution of methyl
oleate (30 g., 0.) mole) in carbontetrachloride (160 wml.)
was placed in the flask and N-bromosuccinimide (18 g,, 0.1 mole)
and benzoylperoxide (0,6 g,) added to it, The reaction
mixture under nitrogen atmosphere was stirred and heated
gradually to 70°, 4ifter the exothermic reaction subsided, the
refluxing was continued for 14 hrs. The mixture was filtered
to remove succinimide and unreacted N-bromosuccinimide, when

an orange solution of the bPominated product of methyl oleate

was obtained,

The above orange solution of bromo-methyl oleate was
transferred to another 500 ml, two-necked flask, fitted with a
condenser and a CaClg-tnbe. The flask was heated on a water

bath with a continuous current of nitrogen till a test with
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ammonia gas indicated that no more HBr fumes were evolved, The
solvent was removed under vacuum and the viscous product was
dissolwed in light petroleum (b,p.40-60°) and chromatographed
over silica gel using ethyl ether as eluant. Characteristics
as well as U-V absorption spectrum of the major halogen-free
fraction (11,2 g,) were determined as given in Table I and
Fig.1.

Similar dats of the'producta obtained from methyl
esters of petroselinic, erucic, stearolic and behenolic acids

are recorded in Table I and Figs, I and 1II,

4 mixture of methyl oleate (30 g., 0,1 mole)

N-bromosuccinimide (60 g, 0,3 - 0,4 mole) and benzoyl peroxide
(1 g.) in carbon tetrachloride was refluxed for 2 hours at
80-85° under nitrogen atmosphere as above. The orange-
coloured liquid was subjected to thermal dehydrobromination,

The resultant product (10 g.) after chromatographic purification
was found to contain no halogen, The characteristics and

U=V absorption curve of the above material and that obtained

from methyl ester of erucic acid are recorded in Table I
and Pig.II,

e_dehydro t duct f me cle
Ozonised oxygen was passed into a solution of
dehydrobrominated product from methyl oleate (20 g,) in
anhydrous ethyl acetate (250 al,) at 0° for 20 hours. The
solvent Was removed by bubbling dry akr through it at about
300 and the ozonide decomposed by treating with water at
60-70°, This was steam distilled and the distillate extracted
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with ethyl ether, dried over anhydrous sodium sulphate,
removed the solvent and the product redistilled at 125-128°/
4 mn, (yield 4,1 g.) (Found:s C, 64,3; H, 10,5, Neut.equiv,
130, Cale. for CqpHy,0p; ©C» 64.6; H, 10.8%, Neut.Fquiv,
130). Prepared amide in the usual manner, 7.p, and 7

mixed m,p.with authentic specimen of heptylic amide
Q-“o.

& solution of the dehydrobrominated product from
methyl petroselinate (5 g.) in anhydrous ethyl acetate
(80 ml,) was ozonised at 0° and the ozonide decomposed
+“ith hydrogen erpoxide, The product was steamn-distilled,
and the distillate extracted with ether, dried (NapS804)

removed the solvent and the product redistilled at 136°/3-5 mm,
(bath-temp,) yield (1.1 g.) Found, C3; 69,63

H, 11,4, Net,Equiv. 170. Cale,for Cy,H;qa003 C, 69.8;

H, 11,6% Neut,equiv,172,).

4 mixture of groundnut-oil (25 g.), N-bromo

succinimide (20 g.) and benzoyl peroxide (0.6 g.) in carbon
tetrachloride (175 ml,) was refluxed for 1% hrs, The
reaction product was cooled and succinimide filtered off,
giving an orsnge coloured solution of the brominated
groundnmut oil,

234:6«- nes
The sbove product was refluxed with 2:14:6-
collidine (126 ml,) for 1 hour., The collidine hydro
bromide was filtered off and the filtrate concentrated on
water-bath under reduced pressure, The syrupy residue was
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taken up in ethyl ether, treated with dil,hydrochloric acid
(1:1) and the ethereal layer washed several times successively
with water sodium carbonate sol, (1%) and water, It was dried
over anhydrous sodium sulphate, the solvent removed in vacuo,
giving a dark brown thick liquid, The iodine and diene
values of the material are recorded in Table II, A4 small
sample was dissolved in light petroleum (40-800) and
chromatographed over silica gel using ether as eluant. The
chromatographed sample was examined for its characteristics
and U-V absorption spectrum (Table II and Fig, V), Similar
data for the other oils are also recorded,

These products are light brown to reddish brown in
colour and exhibit a marked tendency towards polymerisation
and gelation,
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RESULTS AND DISCUSSION,

g
Zig}er, et .115’21 have shown that a hydrogen
atom on a methylene group adjacent to an ethylente double
bond may easily be replaced with bromine by means of

N-bromosuccinimide, The reaction may be formulated as

follovss
(e} Q
o i cH—c? HoH R C/
2 R
[ \\\ l ' . . \\\
_C:C—CHJ_-‘*' l /NBY —5-C=C-C +| NH
cHl—c% I CH—C/

Allylic bromination occurs through a free-radical
chain -cchanial?2’23 and the bromo-derivative undergoes a
thermal splitting into a molecule of hydrogen bromide and a
compound containing a new ethylenic double bond in
conjugated position to the olefinic or acetylenic bond
initially present in fatty-acids, The free-radical process
41s favoured in the case of allylic bromination with N-
bromosuccinimide because the catalysts like ultra-violet
11ght24 or poroxidoszs which are generally believed to
catalyse the reactions through free radicals, produce a

pronounced effect on the velocity of the reaction,

The substitution of hydrogen with bromine may
occur on either side of the double bond on using equi-molecular
proportions of N-bromosuccinimide and methyl ester of oleic,
petroselinic or erucic acid and the rcsultant products after

thermal dehydrobromination may be represented as followss:



Oleic acid
CH ((Hy)5 CH=CH-CH=CH-(chy)7.CO0CHz,
or/and
CHz(CHy)g CH=CH. CH=CH. (cH,)5COO0CHz:

Petroselinic acid

CHz(CHy)g CH=CH- CH=CH.(CH,);.C00CH 3.

or/and

CHz (CHo)oCH=CH.CH=CH.(CHy), COOCH5.

Erucic acid

CHz (CHy)s CH=CH- CH=CH(CHy); COOCH -

or/and

CHz(CHy)y CH=CH-CH=CH. (CHy)q COOCH.

411 these compounds showed blue fluorescence under
ultra-violet light and had intense absorption maxima at
231 mu (Fig, I), This coupled with the increase in iodine
values, refractive indices, and diene values (38 to 42) (Table I)
of the treated acids clearly show that this method is
appreciably effective in creating a double bond in the
conjugated position to the initially present one, at least to
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the extent of 30 to 40%, The materials have been found
to polymerise and gel after sometime,

The production of heptanoic acid en ozonisation
proved that the thermally dehydrobrominated products from

methyl esters of oleic and erucic aclds were A"n-

octadecadienoic and £§3315 -docosodienoic acids, In the
case of methyl petroselinate, gf’e -octadecadienoic

acid was formed because ozonisation gave decanolc acid which
confirms earlier observation of Clemo and Stqvcnlzo.

These observations lead to the conclusion that the bromination
with N-bromosuccinimide takes place on the allylic CHyp-

group farther from the carboxylic group of the acid,

Sutton and Duttals have concluded from allylie
bromination of methyl oleate and subsequent oxidation of the
brominated products with potassium permanganate that the
substitution of bromine takes place on both sides of the
double bond and possibly via a route other than a free
radical mechanism, In their experiments, they have refluxed
a mixture of methyl oleate and N-bromosuccinimide in
carbon tetrachloride for four and half hours, it is
difficult to compare result obtained in this laboratory,
with theirs partly because in this reaction benzoyl peroxide
has been used as a catalyst and heated for one and half
hours only with an idea that the predominant natural
tendency of the primary bromination may be accelerated and
partly because attempts have not been nade for isokation and
purification of the bromo-derivative through distillation
and chromatography, However, the observations recorded in

this thesis as well as those of Clewo and Stevens20 and



Schmid and Lohnnn17 all show that when equi-molecular
proportions of N-bromosuccinimide and methyl ester of a
mono-olefinic acid are reacted, the tendency of the
substitution of bromine is added on the allylic methylene
group farther from the carbsxylic group through a free

radical process,

In the case of oleic and erucic acids when three to
four times excess of N-bromosuccinimide was used, a fraction,
though in poor yield was obtained through chrometography over
silica gel, which exhibited ultra-violet absorption peaks
at 231 mu and 268 mu (Fig, II) indicating the presence of
both diene and triene conjugation, But all attempts to

separate the component acids were unsuccessful,

Methyl esters of stearolic and behenolic acids were
similarly treated with N-bromosuccinimide in equi-molecular
proportions in the presence of benzojl peroxide catalyst,
Their thermally dehydrobrominated products may be
formulated as followss

Stearclic acid

CHg(CHy)s5. CH=CH. c= . (¢ Hz)7. COOCH3.
or/and

C H(CHy)y-C=C - CH= CH.(CHy)5 COOCH .

Behenolic acid
CHg (CHy)5:CH=CH- C=C. (CHy), COOCH 3.

or/and
C 5 (CHy Jy.C =C .CH=CH.(CHy)q.COOCH;.
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These materials after chromotographic purification
showed light blue fluorescence in ultra-violet and exhibited
absérption maxima at 228 mu (Fig.III) indicative of a
conjugation between an acetylenic and olefinic double bond?s,
The presence of acetylenic bond was confirmed by infra-red
absorption spectra®?, 411 the characteristics (Table I)
of the stearolic acid product showed that it may be methyl
ester of ximenynic acid or its isomer, Ozonisation of
the dehydrobrominated products obtained from stearolic and
behenolic acids gave heptanoic acid in both tﬁc cases showing
that they are !l-octadecen-9-ynoic and A °-docosen-13-
ynoic acids respectively, The results of ozonolysis of these
conjugated acids indicate that the substitution of bromine
in the allylic position generally takes place at a carbon
atom further removed from the carboxyl group just as in the case

of mono ethenoid acids discussed above,

The results of bromination of methyl ester of

43?‘

benzoyl peroxide catalyst and subsequent dehydrobromination

12 linoleic acid with N-bromosuccinimide in presence of

are also included in Table I, These are similar to those
previously reported by Bergstrom and Hansson®8, The ultra-
violet absorption spectrum (Fig., IV) definitely shows the
triene and tetraene conjugation with small amount of diene
conjugated product, On account of extra activity of the
nethylenic group at pesition 11, the major amount of
brominaticn is expected to take place at this position,

In its dehydrobromination together with re-arrangement of
double bonds, a triply conjugated system results, Uesides
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bromination at the carbon atom at position 11, it may partly
also be taking place at the methylene group at position 14,
Such a dibromo compound on dehydrobromination will explain

the production of tetraene compound. The possible

explanation of the presence of a conjugated diene may be
merely shifting of the double bonds of the original acid during
the process as depicted below:

R R R R
| | | \
CH CH CH CH
1 I I I
CH CH CH CH
' i | éH eH — gH
SHQ 7 Il |
CH CH CH CH
I [ I 1
CH CH CH CH
I [ [ |
Rl Rl R| Rl

However, no definite compound could be isolated on
ozonization of the dehydrobrominated product,

When the above process of inducing conjugation
was applied to various oils it was found that complete
dehydrobromination could only be effected by the use of
23436-collidine, pyridine or quinoline, Some
characteristics of these products before and after
chromatographic treatment over silica gel and those of the
original oils are recorded in (Table II), Their u,v,
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absorption spectra (Fig, V) and values (Table III) show
the presence of both diene and triene conjugation in the
component fatty acids, Due to the higher amounts of linoleic
acid (66-70%) in tobacco and safflower seed oils the triene
conjugated component acids were found to be much higher thnn>
in other oils so much so that these products gelled shortly
after they were prepared, Their films set to the wrinkled
patterns as 1s usually the case with conjugated oils
of tung and kamala type. Even other products exhibited tendenc)
towards polymerisation, Their dark brown colour became
lighter by chromatographic purification, They also showed
greenish-blue fluorescence in ultrs-violet light,

]
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I4BLE I,

Characteristics of various unsaturated fatty-acids before
and after treatment with N-bromosuccinimide,

—— Original After truat?ent with Ne-bromo-
fatty . mah) R ibes % value(30)
acid (29)

“sructe 74.5 1.4478 9.0  l.aes0 5.4
Oleic 89,8 1,4420 128,0 1,4640 42.8
Petroselinic 89,9 1.4421 121 .4 1,4682 39,7
Stearolic 85,1 1,4452 123.4 1.4772 36,2
Behenolic 70,5 1.45682 109,3 1.4722 37.3
Linoleic 180.4 1,4530 247.3 1.4725 67.5

N,Bs The diene value is expressed in terms of the eguivalent number

of eentigrams of iodine per gram of the sample,

ek



W

1°L3 E¥OV° L 1°801T L°03 L°101 3L8v° 1T 6°18 (weay)

BOTPUT BIISW

(efuexey)

e°oe 8ELV L »°83t 9°93 S'eLll (41551 24 g'18 e1qe13 etueducd
*(potred Ar3aed TT0 pejesdy eyy)

8°93 eL87v° 1 9°8¥%1 6°02 £°9vL 239%°'1 9°6€EL pess JamoTIJes
.mcoﬁaou A7qded 110 pejeady 8ujl)

89 088¥%° L PGSt £°92 6°0SL 189%° L 9°8e L peas 0228QO%

£°82 52 1 6°S0T L'e3 £°901 068%°1 9°cg 8ATTO

1°8¢ 0s8¥ L 1°83t o‘ee 3°811L 268%v° 1L 3°e6 JnuUpUNOIYH

¥°838 098¥%° L v*aat 6°12 g°sit L AR 0°96 pIE3 SN

0 sustq omn amﬁu.w.wv oe suetq "~ i & 4 om: ¢ .>.HV ‘gr10

AYGeas a1a230da)p

fydex3olemodyd Je3Je SPTWIUTOONS  ~BIOWOIYD oJ0J8q SPFWFUIOIMS Teutdtdo
-0WOIq -y YJTM JUSWYEEI] Je3JY  OWoIq-N UITA JusmIBSI} JB3JY
* PTUTUT 2ONSOWOIq ~ N *sT10 £338J JO SOF3STILS}OBJIRYD

YITA JUsWIBEJ) JejJe pue aIojeq STFO JO SOTISTISIIBIBYD

¥IT #ave



IABLE 111,

Curve reference

0i1 in Fig, V
Olive Q
Groundnut oil R
Mustard oil S
Pongamia glabra

(Karanja o0il) T
Melia indica

(neem o0il) W

Safflower seed oil

Tobacco seed oil

\\%

U.V, Values of the treated oils in n-hexane,

Wave length () log Inference
232 4,26 Diene
269 3.8 )

279 3.76 ) Triens
232 4,39 Diene

269 4,0 )

280 3.97 ) Triene
232 4,42 Diene

269 3.85 )

280 3.80 ) Triems
231 4,36 Diene

269 4,06 )

279 3.97 ) Triene
231 4,60 Diene

269 4,13 )

279 4.07 ) Triene
232 4,73 Diene

269 4,59

230 4.54 3 Triene
232 4,31 Diene

268 4,32 )

279 4.19 ) Iriens

- e e o e = oeeo.
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