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O0ils and fats consis® of wiviures of i Ziyoerides which
themselves 437 sr from onn anoringe 'v reason of the difforent
fatty acld grours they onrtala, Yy combining hydrezen with those
fatty acids which dn not #1raady contain thelr ful) complement
the liquid oll s eroirresslvaly converted te o solid fat, Celour
and odour decreas; greativy tha fat bacownas increazingly
resistant to oxidailon., ot “ho same tine cther structural changes
known as izomcrizatinn szenr v oh aan aifect tho texture and
flavour stability of the ci].

Hydropenation derends wieor the Intimats mixing of o4l and
hydrogen in the pressase of o satalyst. Temnerature, crassure,
nlddng efficiency, tyve and amonnt < catalyel all affect the
rato at which the reaction penceeds ana what subsidiary affects
arise,

Before hydvonenatlon, oils sheuld ba "peed from lmnurities,
especially those vtigh meison the Pt vt Thig pafinine s
commonly performed witi the help of aqueau: alkalt but arzanie
solvents or steam strioring at much reduced nrossure are a0t imes
employad. "arth bleachine 43 also rari of the orelininary treate
ment, A poust refining 1s werformed on Lhe hydrogarated »11 te
rerder it cownletely “land,

Since, within wide nronortions, mixturesef hyvrovzen ant alr
will explode if ignited, atrincent pracsulione must be ohaepverd
in all parts of the rrocede ‘o nrwvent thuse rix’ures “rom “orming
and to pravent, tho'r igattinr,

Althouch se.rre) matals asn w2l ag casalyet o b upramgt fry

\
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vheombiurat Lo ot 00w nyeorer
beeause of lig aridcieay and acce toble ansi,  The eordifion

of the finely dvided niskal snerace plave a2 major part in
detorminine whather the nydrorenstan 12 salaetdys or wot,
Selectivity means the rrafaroptisl partial hydresonation of
thoss falty acid grovwps whish ara most daficient in hydeoren,
Isomerizaticr aseompanies selective hydrogenatieny textura and
stability of the product are intimately affacted, Since
vegetabls oils ir many cases contain 1itile catalyst poisoa good
eccrnomy In the repeaied e of catalys: is often nossibla,

Hydrogsn 12 currently crodnaed aither from hydrocarbona,
includine natural ras, Ly the reiorming orecess, or effeclively
by the elatrolysis of water, A minirew hwirersn nrity of 99,5
1s ovtained, This high pority farilita es ©he provrocs ol the
hydrocenstion reaciion and the destom of the slsnt in whileh 1% is
performed. Cholce of meiliod of wydmopen production derewds upon
costs of “ydrovarhen, elecirisiiv and ssela of srcduotien, large
plants terd Lo use Lyrirecsrtor raforring no the eheapes. methody
soretines Dy-product hy-ivozon is aveilable Tron 2 lasce slantrolytic
Plant, Smalle- rlants may be woll scihed Ly Shxir own wloctrolytin
production of hydragon asneedtally 4f thls e i%ed wiih eaco of

mlntenance and sale of by-product acygen,

Vepatalla vhaa prodneliar dencwde upcn the hydrerenation of
ona or rmore vepntanl. Alls, ™ finni wredoet ray ineludas a
propor:ion of unbydrojensted vepetable r41, “re alm s to produce
& nutritiess Tal whosas somewhar extendnd meiiing reure is at leaast,
equal to Lhat o' chea 1tself and whene stali1ity s assured in
ardoous and rraloen;zei storsze cordlitions.

Vitanin 1o usually addedy selsuring and flavour devend apon
loral loristation ard wretaranen,
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o JTHE HYDROGENATION PROCESS
« BARIC CYRGSTRAY
Olls and Fats are tne popwiar Lerms for what chemists

desoribe as triglycerides, If the ambient temperature is such
that the material is liquid it is ealled an oil and if solid a
fat, Indeed the liquids known 4 the trovians as coconut and palm
kernel oils were at one time often referred to as fats in temperate
regions, Triglyceride molecules are the result of the combination
of three molecules of fatty acid with one of glycerocl. In the
approprigte chesmdeal nplant triglycerides can easily be reacted
with excess glyocerel to form mono and diglycverides which have their
own gpecial uses as emulsifiers for example, but we are not here
eoncerned with these, A whole series of related fatty soids exists
end when more than one memher of the series is represented amorg
the three fatty aseids of a triglycerids the resultant compound
10 ealled 2 wixed triglyceride,

Ixizlyeeride

fatty acid (1)
@amolE . . (2)
" * (3)

1=2=3s Luple triglyeerid:
all others = mixed "

Mturl oils and fats are physical mixtures of several
triglyoerides vhich themselves are meinly mixed triglyeserides,
Naturally the character of a fat will depeni upon the relative
anounts of different triglycerides it contains, just as the
sharacter of any individual triglyceride depends in turn upon the
proportions it contains of different fatty acid groups. Rydrogen-
ation 1s concerned with altering the properties of individaal
oconstituent fatty acid groups and hence through thea the propertiss
and behavieur of the fat as a whole,

Patty acids oonsist of a chain of carbon atoms linked to one




another and alac combired ith _ydrozen atoms, One end of the
chain terminates in a H.C. (methyl) preup and the other with a
«COOF (aarboyvl ) groun thusi-

Feity agic

R e T

2
Tt is the carboxyl iroup which links with the glycerol to form

s glyceride, In rereiabla n''s we cre concerned with fatty seids
which contain from € +» 2L zactem a*oms In the chain; the most
important mesbers “eing those with 16 and 1B carhon atoms,

Fatty acids with an sven mmber of rarbton atows congtitute the
vast majo.ity of the fetty acids found in the natural oils and
fats,

Tt happens frequently that two neighbouring earben atems
are esch without ene of thelr usual two hydregen atoms and are
1inked with ono another via a double bond thas,

«==CH,, CH1CH, CH,~—

Because 1t lacks ttex . ull complement of hydrogen the chain is
then descr:bad as unss’urated, Fatly aclde containing twe or
more doulile bends are imown as polvunsaturated fatty scids,

Weere the two missing hydrozen a'oms each lie to t'e same side
of the chain (cis) ihe douole bord is seen as part of a rigid are
in the length of the chain; where the m'ssing neighbeuring
hydrogen atoms '3e across trans) the length of the chain tewards
epposite sides, nc such arc is represented. Whereas there is
cemplete fres rotation of the atems joined by a single bend, the
desble bond makes possible only the two fixed positions, ols amd
Lrans, whilst there is ne flexibility at all in the arvangment

invelving 2 triple hond, The ois arrengement grestly predomimstes

in the natural fatty acids which contain doutle bends) it is
associated with a liguld or lower meliing condlition, greater
solability and chemi :al reactiviiy, [y cortract smatareated fatty
acide are azsociated with s0113 or higher melting character-
istics, When double and single Yonis altarrate ‘n s ohgin a
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conjugated system exists; this iz notably reactive and to that
extent unstable, When two double bonis are separated by a ,CH.,
group the resul’:snt arvanrament. veferrad to ae a skipped nm;;go-
ment, i: still quite chemically eactive and this . s the usual

spacing in nature, Suoh a .Cﬂz. Zroup 1s known as an active
methylene groun,

mCBz.CHtCH.CHsCH.CHz-- =~=CHy. CHsCH,CHy, CH 1CH, CHrwmm
conjugated skipped
CHa=== (.CHp, CHICH, ) ==-C00,
frequent arrangement in nature, cis predominating,

Although the presence of one or more double bonds has a major
influence on the character a fatty acid of a certain chain length
(number of carbon atoms) it must also be stated here that the
length of chain itself is quite an important factor, the shorter
the chain tie lower the melting point, the greater the solubility,
when compar:ng fatty acids of an even number of carbon atoms with
one another, and likewise for the odd series,

ORIGINS OF INDUSTRYAL HYDROGENATION OF FATTY OILS

When there was a shortage of fats in Burope of sufficiently
firm texturs for margarine manufacture the classic researches of
Sabatier and Sendersias wers “rrae? Lo practical account in 1906 by
Normenn who supervised the em :tion and commissi ning of the
first industrial plant for the hydrogenation of 1iquid oils to
produce fats at Warrinzton, '.X, The oil hydrogenation industry
grew rapidly ‘o become within ten years - and still remains - the
ma jor route for chemical modification of oils and fats so that one
o1l counld take the place »T another when economically desirable,
Brentually, modified varieties were produced with enhanced character-
istics from the consumer's point of view. In 1913 Norwegian and
German scientists demonstrated the fsasibility of using* hydrogen—
ated marine oil for edible purposes, The use of hydrogenated

o1l for soapmaking, and in perticular the substitation of
hydrogenated whale o0il for tallow, had slready Leen established,
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Today the three major oil modification techniques of hydrogenation,
fractionation and interesterification may all be employed in
varying sequence for the production of speclalised and sophist~-
icated products,

N OF 0G ON

The ma jor effect of hydrogenation 1s to add hydrogen to the
unsaturated fatty acids with the help of a finely divided metal
such as nickel acting as a catalyst, Thus as the double bonds
are saturated and therefore progressively disappear a higher
melting material is formed, that is, the oil is transformed to
a fat. Several side effects occur and, so to speak, provide a
bonas. The charactewistic odour and flavour of the raw oils
disappear, although for edible purvosss this effect mast be
completed by deodorisation as for any other oil, Since double
bonds are the focal points of chemical activity and provide the
starting voint for the attack of atmospheric oxygen which lesds
first to flavour reversion ard finally ranciditv of the fat it
is not at all surprising that reducing the number of double bonds
makes the o1 or fat more secure against subasequent oxidation,
Keepability or shelf 1life improves very noticeably. Carotens,
chlorophyll and other pigment substances which gave the raw oil
its yellow or reddish appearance are altered during hydrogen-
ation so that they either disappear altogether or the oil remains
e pale yellow,

IBQERIZATION

There are other important reactions which occur to a lesser
or greater extent according to conditions whilst the main hydrogen-
ation is in process, Put simply when a carbon - carbon double bond
presents itself at the nickel ecatalyst surface the distance
between two adjacent active nickel atoms and between the two
carbon atoms is very similar, so that each carbon atom is able to
form some kind of link with one of the adjacent nickel atoms,

It is the polyunsaturated fatty acids which are most readily
adsorbed,




Yydrogen, mearwhile, is being dispersed into the oil and also
concentrates at the nickel surface., In this situation it is

very nach easier for the hyrosen tn combine wit: the unsaturated
carbon atoms of the double bond than if no catalvs* were available,
If both carbons acquire a hydropen the double hond is reduced to

a single bond and the moleculs is desorbed from the active site,

8 9 1011 8 9 10 11
R H H A H H H i
+C.C.,C,C, .C,C, C, C.
L] [ [} ] L . 1 )
B + ' ¥ ¥ H + Y4
-em - - M- W -
(a) (b)

It my happen that when the double bond 13 adsorbed, (a), me, 7 €
atom acquires hydrogen first, (b). Then bhefore no, 10 '@ atem

gains & hydrogen,a hydrogen atom is lost from sither no. 9 or

no, 11 C atom and a double bond reforms either on the origimal

9 - 10 site or at the 10 - 11 site, If the latter hanpans the
double bond has migrated and this indeed may Pe so re;natedly
during the period an oil is being hydropenated, Hence positional
lsomers are formed, “urther, de-ending upon which of the two
hydrogen atoms on ne, 9 C is 1~st the double bon" roforms in the
els or trans configuration, ™o same holds good is regards

ne. 11 C atom. The change from ols to trans (or vice versa) 1is

& geometric isomerism since it is seen as a change in molecular
shape. The above is one of the more commonly accepted explanations
of how these very important side reactions take place, Since change
from ois to trans itself is a move towards the hizher melting and
even solid condition it is evident that the texture of the and
product will be markedly affeoted depeniing upon whether it coantains
& high proportion of trans or cis double bonds, apart from the
question of how many double honds may have disappeared, A high
proportion ~ smsay two thirds - of ths double bonds in the trans fom
will indicate a hirh amount of moderately low melting solids so
that the product is very firm at 20°7, much less so at 30°C and




perhaps completelyv liguid at 370C, 1f the nercentagze solid fat
content at diffarent temmerature~ is drawn en a graph the curve
will be seen to dascenl steeply as the temperatura becomes
greater,

This effect is sometimes sought in hydrogzenation and is
encourased by low dispersion of the hydrogen bLrought about by
decreased agitation, operating pressures from 0.3 to 1,0 atmos,
for exanple and oyerating temerrtures preferably above 160°¢,
All of which factors tend to kuen the concentratior or avail-
ability of hydropan at the nickel surface rather low, A
partly misoned or congiderably exhesusted nickel catalyst will
promote the above kinds of isomerization, Conversely lower
operating temperatures (1507 or 1=}, fresh active mickel and
very good hydropgen disversion tend to suppress isomerigation and
thisg effect is also sometimes required “or rarticular hardensd
olls which soften more cradually bhefore finally melting.

Ona tenhnique of sstimating the nronmortion of solid fat in
what 1= ‘ruly a m xture of solid and liquid is known as dilatometry,
In vemmon with most other substances nils tend to expand on heat-
ing, or contract en cooling hv a specific amount which can be
determined, Tf the temrersture of a convenient wairht of fat is
raised steadily by 5°C or 10°C 4intervals and the volume cavefully
noted after dum mause a* ea~h stan then anv inecrease over and
above normal thermal exmanasion 1= due to a chanve of solid nhase
to liquid, If this voluma i+ exvressed in cobie millimetres and
related to 2?5 grms, then the dilatation value is a measure of the
difference in volume gactually occunied hy the Tat and what it
would ocenpy 1f {t wera entirely liguid at that temperature, If
the differsence is lar:e the prorortion of solid is high and the
dilatation valre is hichy conversely a low 4ilatation value
indicates a low amount nf so0lid, Comnletely solid, the fat will

have a dilatation of ca 25001 at the slin melting point the value
is ca 100,

Freaquently the value is exnressed in relation to
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1 erm, and is known as the solid fat index, (° M) slvee a come
pletely solid fat w11l have an © T of 100) at tha «1in m.r, the
“FT 45 “ound to be ea i, The racedure is amriric, reaste on
cartain assumntions and st alaaye be Tolloved riforously if

the results are o be derandatle, Inw rasolntion nuclear masynetic
resonance is :ainine in nonnlarity as aneother means o* estimating
rercentage =olid fat content, (777),

Fpom what has just been satd it ~+ill be evident that the
meltinz voint (however it may he feter~ined) is only a very limited
indication of the taxtura of a Tal sinee natural fats are in fact
2 mixture of rlycerides which sach have Lheir ewm individual nelt-
ing voints, Information on the solid content over a wide range of

o .
temneratures {rom 0% ar 20° qrwards is neaded,

Polyunsaturated fa! t,"r anide cpours, esvecially Lhose with
three or more double tonis such as l1ineolenic and hivher ungaturatad
fatty azids, tond to Tarm a small rronortion of svelie aromai le
fatty acids 17 at the ontset thov are hylrorenate’ in coniitions of
hydroren searcity, and commaratively hich temreratures (a, v, 20073),
T™his undesirabls tendancy is kant safely mniar con’rol by avaratine
at a woderately low ‘emrarature of 170" or lower san! with nol
hrdropen dlerarsion ‘o the sarls part of the hyboremtion until
tha most vnaaturati=l Tattv acids haye Twen at least rartly hydro-on-
ated, Tolvavlic aromatlic hviro-carhions alresdy wrasent in soma
veretarle oils such as cocomt and r™lavar teo tha maxiram o 3 il
can be removed Ly certain antive carlons added alon with tha Yieache
ing earth Juriny the realinine of the antarienad oil,  Arvarently
whilst deodorisation ir camalle af removin: hwirocarbons of a fonur
ring structure it do2s not have tha sane aarati ity aq re-ards Tive

ring structures, henca the awnronriate abgnylan’. eartan is ennloyed,

Ity

Tis brdnce ueg Mnally to the very inmortant ~ronnant af




selectivity in hydrorenation, T! has alreactv been mentionad
above f.hat the no:ynunsalurated {atty a~id gFrouns are mors readily
absorbed onto tha active sites of the nlckel catalyst surface,
When the overall hydrocenation =f‘ect is such that “atby acid
groups with thrae double bonlrs are neariv all raduced to two
double bonds hefure those with twe arc raduced to one, or when
those with two are nearly all) reducod to one, hafore the mono=-
unsaturatsd prouos are hardenc! to fully saturated, ther conditions
of good or high selectivity axists, There is, so to speak, a
progressive orderly diminution »f the mest unsaturated groups,

If many ssturated groups sre crotaced 3n atvance of the reduction
of the polvunssturated io lass unsaturated ones the selectivity
is poor or non-exisient, Clorely ascociated with this concent of
gelectivity is the marallel one that only one fatty acld group of
a triglyceride experiences hydrogenation during one period of
proximity to the entire catalyst surface, 1If this :nndition does
not exist the chances ars rreater, £s hardening continues, of pre~
dueing more fully saturated hiih melting triglycerides than weuld
be the case if hardening of the variou: unsainrated triglycerides
present were or. a truly random basis, Delestirity is favoured by
havine only a mlerato concentration of hiwiroren on the catalyst
surface, that is, madinm io high temperatures (16¢° - 200°C )y
increased nickel surface, low stirring vate, lower pressures of
about 0,5 to 1,0 atmospheres, The imnortance of the type of
catalyst surface in selectivity is considered in Chav, 111,

Tt is now obvious that thoae orerating conditions which faveour
salectivity alsn favour isomerizatinn, On the orcasions when the
hardener is not particularly concerned to obtair either effect his
task is very strairht forward - normal aritation, rressures about
3 atmos, and a wide choice of *emperatures np to ?OQDr,, I
selectivity is wanted with a minimum of isomerization a compromise
in operating conditions <uch as temperature and vressure has to be
accented and 1t becomes marticularly importart to emnloy a fresh

catalyst which 1s known to promote selectivae nwirogenation,
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9. IXPIGAL COMPOSITION OF VEGETABLE OTLS

Table 1 shows the typical distribution of saturated, nmono-

JAURIC 0113

unsaturated and polyunsaturated fatty acids of several vegetable
oils, In the case of some spscisrs there is appreciable variation
in the total degsres of unsaturation - as seen by Todine Value
(IV.) ~ and the relative proporiions of mono unsats, and poly
gnsats, These variations relate both to genetic strains and

regional climatic differences,

The first two oils, coconut and relm kernel contain already

in the cruds state over 50%

sats. and so it is not altogether

surprising they are solid in temperate climates, When fully

hydrogenated, coconut oil has a slip melting point of 33°C and

paln kernel 39°C, The high provortion of short chain (C8 to C12)
fatty acids and the generul triglyceride make up contribute te
the fact that these oils possess a steep dilstation nurve even
before hardening and very otwlously so aftervards, Their low
unsaturation means they are resistant to oxidation. If a 1little
free fatty a-id or monoglyceride does form by hydrelytic splitting
of the triglycerides the off-flavour is obvious, Apart from use
as cooking oil in the tropical regions of their origin the quiek
molting effect of the lauric and hardened lauric oils (babassn
and tucum included) has led in temperate climates to their wide
ase in confectionery and margarines, Whereas at one time they
provided a major:comporent of many margarine blends in Burope and
U.3.A. their use has declined during the past forty years because
of their expense and their replacement by other olls, especially
as the technique of hydrogenation advanced.

EAlM OIL

Palm oil with slightly less than 50% sats, melts at %° - %°%¢
end by the time ite IV, has been dropped only 8 points by hydrogen
ation quite a firm fat vesults of 42° - 44°C m,p, Vhen fully hard=-
ened a 58°C m.p. is obtained,

The texture or meliing behaviour of
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pala 01l itself is well known to be particularly related to
certain specific triglyceridas snch as oleo~dinelmitin which it
oontsin.. The more saturated a d hence higher mel.ing tri-
glycerides may be separated by a variety of chilling techniques
and the more liguid fraction martly hydrogenated separately eo as
to prepare & produst melting more sharply. The continned improve-
mentt in the quality of crude palm oil and the yleld from calt~

ivation encourages its greater employment in margarine and cooking
fats,

Olive oil is prised as salad and ocooking oil so there has been

no widespread incentive to hydrogenate it, The very high preportien
of mono-unsat. (C1811, oleic, 74¥) is the basis of its stabllity,

Groundnut oil is an excellent all-purpose oil. Both saturated
fatty scids (3AFA) and polyunsatureted fatty acids (PUFA) are
moderately low, the latter being in the valuable form of easential
fatty acid (EFA),(see para 19). As well as being used for cooking,
frying and in mrgarine blends groundnut oil ferms a soft solid of
around %0°C m.p. when its I,V. is dropped to about 72 and when fully
hardensd reaches 62°C m.p, Short and long melting ranges (“steep®
and "£]-t* dilatation curves) ¢ ‘e obtainable by v viation of hard~
eming conditions, If the crude oil has suffered uxidative damage
the fully refined medium hardened oll may show a waxy taste,

Although cotton o1l shows & considerable increase in PUFA
(52%) over groundnut it is still quite feasible to use it in fryingy
4t may be used as a liquid component in margarine, Hydrogenation
to 80 I,V, produces fat in the melting range 30° - °C, Both steep
and flat dilatation curves are obtainable and this has extended its
use in margarine and vegetable shortenings,

For many years in countries vhere it is readily available
cottonseed 0il has been hydrogenated to form the basis of vegetable
ghee (Chap. V). Fully hardensd the m.p, is 62°C, Up to about 5%
fully hardened groundnut or cottonseed has been commonly employed
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in compound shortenings to axtend the plastiz range of the blend
" . R . . (V]
by 1iftirg the dllatation (b) or (SFD) % 10%C and 40°C, hence

achievingz a slip m.p. of around u99¢,

OLi, _ 5S¢ {1,

Sanflower is rich in the fora of linslele aeld (C1842) which
is an important EFA and from which the body can synthesise its very
important arachidonic acid, Tne sunflowar ail is widely sought
as a liquid component of margarine sni included at a high level
in special dietary margarines. Tt has also been hydrogenated,
especially in sountries having ready access to plentiful supplies
and is used in this way, for examole, !n Turkey in the production
of vegetable ghee. Related to the high proportion of fatty acid
groups of the same chain length (CiE, ca 91%) there 1s a tendensy
for the hardensd fat to change its crystalline form over a period
of time and produce "graiininess” or "gadiness” in the product,
One method of controlling thiec has been te ensure that the blend
containz an amount of other vagetsble oil(s) which reduces this
marked preponderancs of the C18,  Hmiregenation %o 8 I,V, gives
a 32°C mep, and when fully hardened a 3% slip m.p. is reached,

Iastly in the vegetablo oils hers choser for review there
comes soyabean ¢i1 which has advanted in quality, cultivation and
processing since the 1930's, to becore ths world's no, °. ol erop,
although tho value of the meal is at Teast equally responsible
for this ¢rowth, SAFA contont (oa 10%) is relatively lows the
1inolenic acid e a source of sensitivity to attack by atmospherie
oxygen leading *o "lavonr reversion and, in the limit, rancidity,

Iinolenic acid (C18:3) 1s not the only sonrce of off flavour deve
elopment and indeed it ir unnezessary to remove ali the linolenic
group by hydrogsnating to Tinoleie or further in order to enhance
stability, Lightly hydrogenated soyabean oils still containing
one or two percent linolenic have goed keopability. Indeed,
carefu) extraction of undanaged bsans followed by degumming and
alkaline refinin, preferably out of contact with air produces
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aftar deadarisat Yon sn ceootlant Phan ama e Y R A A
naad as 1 lian®d o1l enmnopnant of e S, o oy
hyvdroger ‘taid oil is frantianate’ An *he LS A fa ey the
small nercentare of DU cr bl fpt ol peeer g Ctar Ao
orisatinon a ligquid saltad oil o anhaneed RER TR (I HE SRR B R
18 nhtainerd, larse *onna os aF aouqiean 01l oara now  orirosanat o4
and emplovad (alone with othar nu'rersna el varatat ie nile) in the

manufactura of vecatable ;hae,

The linoleir acid ia erresent tn the mes! active A farm,
Tnevitably a nrorortion of this is las’ whilet hvldpagrenat ing
linolenic grouns bacause of the very limited selact ity of niaxel
catalvst in Tavouring the nonversion of 15t to 147 at the
exrenge of all othar reactions: conmer is sunerine in this
resnect, The linolenic acid groun when aviropenat el is vrone to
produce a nroportion of isomeric linolaie srouns which on being
oxidised may, in their turn, rive rise to small amounts of trans
f~nonenal., Tha latter is an aldehvde identi®ied as the source

of the §n—cal.1ed 1irnlenie hardaning Tlavour,

‘then the [,7, of soyabean nil has hean reducad 'v hydrogen-
ation to abont 100 a soft snlid with a slin meltine pyint balow
30°C 1s obtainad, The fully hardaenad ni) malts -t 000,

N RE

HYDROG

QUTRSAANTE
)

“rom tha alove deserivtions it is noseinin to aee the vary
wide varistv of hydrorenated nroduets which may be Aarived from
vezetabtle oils, ~‘lavour stability is always requiredy tha taxture
or melting behaviour relates to the intendsd use, inea the unsat-
aration is avoken of in terms of isdine value it will be usefnl te
remamber that to reduce the iocins value of 1000 ¥e,, {(220% 1hs, ) of
0il by one unit the velume of mure dry hydropen takan an is 0,9319 anh,

metras measured at 15°7 and 760 mn,, (32,9 on, f£), .Since a cartairn
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ansent of hydrogen 1s lost in compressing, purging ete, this may
be sonveniently reunded off for large scale practiecal purposes
%o 1 oub, metre per metric tomme, (35,3 eu, ft.)

ﬁmmmmmwmeﬁmmwm-
127

&m*nmmuwtmmmnwaam
4%s temperatare approximately 1,6°C for each unit dwep in LV,
4f the heat is not dispersed in soms other way.
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ON T 1O0GY

CLEANING THE CRUDE OTL

C. ade vegetable oils may ' «ry in their dogre. of unsaturation
according to genetic strain and because of climatic regional diff-
erences. This is 1ittle nroblem to the hardener. With the crude
oll may come dirt, moisture, phospholipids and protein material
as gums or mucilage, free fatty acid and traces of metallic
imparities, The adible oil refiner iz concerned to remove these
to obtain a hland oil (after subsequent deodorisati on) in the most
economic manner.

This review consideres chiefly those aspects of the treatment
before hardening (pre~refining) which bear directly on hardening.
In & modest plant of s few hundred ions oil. per weok treatment
capacity, the same individual 1s probably responsible for refining
and hardening; for many oils the pretreaiment standards are kept
virtaally the sama as s matter of convanience whether the oil is
due for deodorisation immediatelv or afte= hydrorenation,

Dirt must be removed for obvioun reesonsy moisture muat be
brought dewn to the usual level of 0.05% max. sinee it causes
splitting of fat with increase in f.f.a. ir. the hydrogenstion suto-
elave, injures active catalyst and bullds up in the space above the
oll ir a non-cirenlating tyne ystem, “hosphorn. and sulphur bearing
impurities chemicaliy attack active meokel whilst the same impurities
my physically tilock the surface of the catslysi, 1In this connection
soms guantitative concept is very useful, Imapine 0,1% mickel/oil
is present as catelyst and 1 p.p.m. sulphur in the oil, If all the
sulphur in the oil pascoes onto the nickasl this amounts to an increase
of only 0,1% S/, Any reasonsbly durable commercial nickel catalyst
withstands an increase of about 3.0% 5/Ni befove its aotivity has
dropped to sbout 10% of the original value.

Apart from rapeseed oil and ol] from other hrassica crops whose
sulphar content may still remain in the 30 p.p.m, region after pre-
treatment, most vegetable olils do not econtain more than a few y.p M.




of sulphar, Lecithin and related phospholipide are removed by
one or other method of degumming - dilute phosphoria acid treat-
ment, hydration stc,, - so that the phosphorus is brought down

to the same low level as for sulphur mentioned above, Bridently
the mickel catalyst suffers physical damege, some hlocking of
pores, attack from treskdowr: vroducts from triglycerides, during
1ta working life with vegetable oils,and the same build-ap of
sulphar Tound when hardeming animal and marine olls is not
experienced, To maintain isomerizing effect experienced hardeners
have for long been accustomed to add very small amounts of sulphur
to the catalyst durlng its working life in heloin: nroduce hardened
vegstable oils of the steep dilatation curve (shorter melting
range) class, Free fatty acid mey indeed attack active mickel,
but since it is general practice to reduce f,f.a. to less than
0,1% in the first refining operation this is not a preblems eil
with mach hgher f,f.a. hydrogenates resdily - possibly at the
aost of some extra mickel, but this f,f.a. must then he removed
after hardening, Fnally it may be said that soap is one of the
ensuies of good hardening and good filtering, so the usual pre-~
canstion to limit it to 0,05% max. before the oil is dried and
esarth hleached is reasomable: often much lower soap contents are
attalined,

In short, moisture and gums are the first things to contrel.

The conventiomsl hatch process of alkali refining, allied if
necessary with gui: removal via hydration, gives an oil easy to
hydrogenate, New refiming techniques look to superior ylelds of
neutralised oll with some substantial improvement in quality in
the sense of less oxidative damaps to the oil being relined, The
continuous centrifugal refining system may include at its fullest
s preliminary ohosvhoric acid injection of about 0,08%, strong

(ea 3N) alkali addition, weak alkali wash followed by hot water
wash, continuous drying then hleaching earth addition before
The refining factor (total fatty matter lost v, free

filtering.




17

fatty acld removed) is found in vractice to be so improved as to
more than pay for the additional cavital cost and power consumntion,
Crude oils with low gum content (0.2% and less) may reed no
preliminary degumming additive and '* may be possibl) to omit one
washing stage, Continuous counter current alkali refining depend-
ing upon gravity separation of soanstock has been developed and

An some instances is operated above the boiling voint of water,

A wetting agent to promote even better sevaration of soapstock
from neutral oil in a centrifugal system has been used by some
refiners. The relative prices of neutral oil and acid oil, and
the original level of f.f.a, must all be considered when deciding
if the additiomal cost is justificd, Where the crude oil arises
from a solvent extraction plant a 65% 011135% hexane miscella has
been al!:uli refined in a hermetic centrifugal system to yleld oils
such as cotton and soya whose quality fits them for deodorisation
and henoe cbvicusly for hydrogemation, Where there is marticular
need to lose the minimum of neutral oil in refining & valuable
erude, separation of the fatty acid ocan be attained centinuously
on the full plant scale by counter current extraction of the fatty
acid with methanol, ethanol or isooropancl, Finally if the crude
oil is degummed and bleached first, systems have been developed
whereby fatty acid and odeur may be simultaneously strinped by
cteam at esvecially high vacuum (0.5 mm), or higher t'an average
tesmerature (260°C), Tt will be alundantly evident that some
resent systems are arranged so as to produce edible 1igquid oils
in particular circumstances, hence the hardensr must make his
selection bearing in mind that following hydrogenation a pest
refining stage is to follow 4n any case,

Since hardeming is achieved en the surface of the catalyst
by hydrogen which has made its way there from physical solution
in the oil the first consideration is to Aisperse hydrogen effect-
ively into the oil. A good gas/oil irterface has to be maintained;
Ligher pressure promotes higher rate of solution of the hydrogen




and hence encoursy¢es a hipher reaction rate up to the maximum

possibie with the particalar smount. of catalvst surface which
has been made svailable, 4 atnimum amount. of nickel is likely
to be 0,07% W/aily most nwiropernations of aditle oils do not
exceed 0,107 frash nickel. If the nickel s being continually
re~ugnd, several times this comcentration may te present.
Too many aateclave dasisns havs been empleyed in the past sixty
years to be listsd here. 'he ¢sneral phillosophy 15 te dlsperse
hydropen from & £as sparger near the Vottom of the autoclave
then,
(a) expend power to so Aisrerse tha zas by flat blade

turbines tiat the very small amount escaping into

the headgpace of the antoclave is sasily sucked

beck by the vortex in the oil surface,
or (b) disperse the gas by sitrrers but axpend most power

in creating surface agitation =o that headspace gas

Ag being vizorously sixed with oil,
or (e) allow pas to oircalete fTom neadspace via fat

catoher, cooler and compressor to bottom sparger,

Systems (a) and (t) are clesed and simples they require &
pure ratner dry hydro en Lo be practicxly (c) is a circulating
system better slle to cope with Jess pure hydrogern but more
elaborats, Since elacivolytie and refcormed hydrocarbon hydrogen
are more than 59,5% pure and dry and are widely available the
clozed systems of hydrousnation are steadily renlacing all others
Power expended for normal hateh hydregenators in agitating or
agitating and airculating sheald nol axcead 1 KW/ton, A good
average rate of hydrogenation wonld re 1 anit TV, drop per minut
If we allow for doubla this rate at the outset the exothermic
heat penarated would then bs safficient to 1ift the oll teomperat:
some 3°C per min. Obvionsly the heating/cooling colls mast, be
adequate to contrsl such an amount of heat and allow a constant
temperature to te maintained at any 1lavesl. A common working tem
eraturs 15 1840° - 2@‘0‘?, al thoneh the hirireren mipht be introduc
at the start at about 10°C, Tf the formation of trans isomers
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to be discouraged so as to obtain a relatively flat tyve
dilatation curve (shortenings) the temperature is not allowed

to excrsd 150°C and may well br lower. Polyunsat rates if

present are vrevented Jrom fociwuw cyclic commownds by restraine
ing the earlier part of the hardening to 150°C max, The course

of the hardening can be rollowed by observing the drop in
refractive index from a series of sammles, each observation
requiring about five minutes, Continuously overating refract~-
ometers are available, The end point 4s normally checked by 1.V,
or quick mea surement of slin point, 7{1tration temperature should
not exceed 100°C; closed filtration units have the advantage of
exoluding contact with air, It is best to blow filter lines and
f41ter urits clear from oil by using an inert gas such as nitrogen
which is certainly safer and may be cheapsr than hydrogen.

It is possible to displace the hardened oil from the autoclave
into a closed, holding vessel, This may be done after the oil has
been cooled to filtration temperature (100°C) or before, In the
latter case the hot oil gives up its heat in a heat exchanger or
to cooling coils 4n the holding vegsel itself, Such a system saves
1 « 2 hours in a hardening cyele of 7 hours, One such holding
vessel will service three hardening autoclaves,

Tt is significant that whereas continuous neutralising and
continuous deodorising units have been widely popular foe many
years ocontinuous edible oil hardening units have not gained the
sane degree of acceptance although many designs have been sdvanced
since the early years of the industry, Part of the explanation is
that the batch autoclave (5 - 20 tons) is rightly seen as & flexible
tool with which to produce s wide variety of hardensd oils within
a weekly programme, There is also the very important congideration
of selectivity, In a continuous hydrogenation systea there 18 &
distribution of residence time with the result that a minor portion
of the oil flow passes through a 1ittle more quickly and is not
so ocompletely hydrogenated as the remainder, whilst a corresponding




amourt rarinr Al ar Les e D hmn fane o entn “naypt Facames harder,
In the casa o recatabas aiis oo winor resrtien nt tha leasg
hardened matorial mne nol ciedoo o oo ans Yaoenr srabtility
nroblem ~ 'iig seri b dmweto Lo e et o ne sattoeil is and
how Tar the anavy rydvorona’ Tom vn Lo B e T o endPeRE, e slivhtly
overhardenad matarial «11 teni fo alevntea he mog, wikd Tlalten
the dilatation (7)) curve, ou' not oevssars ! ho an anaccentable
extent, <ixa’ hnd eataluglg wnose ye Lot o ar ihe saustbhility
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of dAean rara:s amnd hance voor galest Loity or anni har rangon
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(see mara ?3) are not in “nvonr, Ten tha Fixed bad satalvet chanzes
steadily in use an¢ st svanlianliy e rorewad,  Controlling this

situation ralses aliitionsl rreoblams,

It is evident that Tar ent arpduels shich are nearer to the
gtata of comnlete hydroreratinn aalechicity nreblams hecome relatively
less acute, For the vreal mgloritv of hwirwenatad 23ihle olls, 1.8
those in the 10° - 10® o, Lpankel selectivity is imrortant and
most of the dosen or morae contimous hydrossnation systems that
have come into commeraial nse dernond uron a catalvat in oll sus-
pension moving throush a serias of gonarate asitated raeaection
vessels in which the pas/liquiq =ixins is ahtained te stirrers,
vimns (whieh may aleo ‘ranster ol flow From stare to stags), or
tha motion of the ras 1tcelf., ot lass than 3 ard oten vp to
reactors are nrovided; *these sre arrancet as a noriuontal row or
gtood vertically uron one annther {orming a celwwm, reguently
hydroren 1s fed to aach stapge seravatslv, inod aritation and
more staizes have improvad *he selactivity ailuvation and it may
also be that the rreforantial abgerrilon of rolyunsaturatas on
the catalvet works in the sama Yireation v varreeine the Alstri-
bution of residence time as ‘gr as thavy are coneerned, ‘Hardening
ean progress at one temperature {(e,z, 1507) arid ‘her ba raised
to another (e,o. 180% o 200%7) 44

at a subasouent stape,

The advantaes ‘e be ~irai from a aontinuous hydrogenation
system are,

(a) tetter ovrort.mity “or keal svohang. frem the axothermic
reaction,
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aratura,
o) rranter aitlioal tan 0" the *otal reactor volume which
ja rhmeanre aboat hadl thit of the hateh squivalent,
(A) with care®il ~on'rol . stialv “low of consistent
oredut,y

(¢) sann cavin. v Tabour,

n a variod srodu~tlon vroyramme the contimous unit may
have to be accomranied hv ona or more bgieh vagsels to maintaln
satistactory flexivility «f tha an'ira inatallation and aveld
too frequent interruct .on of copfimous “wacding Tor very short
sans on 41 "ferent. Tuadstock, The eontinuous nnit suits the factory
whose nrorramme includes a “airlv larce repular sutmat of a single
auality of marianed oil, For rha rest, & bpatoh svaten will ranerally
he mne! accentable, Tatalvst is conveniantlv remnvad from hardanerd
oil (hateh or continunus nroduction) by antomaticelly aasisted
filter craesses or other antorati: units, The Tiltered acatalyst.
1s drorned inte se 't oil fer re-use within a short time or is
igeardea 17 exhausted, [Uome fac'ories discard a sat. nrovortion

at intarvals and make ur with Tresh catalvst,

OB il Ll

fiar “{ltarins the orude hardened oil it has haeen customary
to treat il with a ¢llute al'»'1 wash followed by a het, water wash
€0 as to redues the *,f.a, to laus *han U, 1 ., 'his is hacause
there is a sli-ht tendency for “,1.a., to rise durins hardening,
This 18 the rautine in batch equinmenty in continnons cantrifugal
aqmirmant. one hot Ailnte a’kali wach may well saffica, After, there
follow the usnal drvine, earth additisn and filterin-, “inally the

o1l is daodorised,

Zgnaaially in the eace of hardenad varatghle oils the duration
and Lemmarature of hardanins do not lead *o much inerease in f,l.a,
- it mav stil)l ba near the 0,1 Teaval, In this kind of situation
many rlants omit the alkali neutralisation and merely mace a light
addition of an activated earth to raduea the nickal fron 2 DeDum.
Lo about C,1 n.p. 7. batnre "11torin- a sacond timae, Alternatively
the second or 'rolishing! “iltration rav Ha thronwh a rracoat.ad

filtar, 'he 0il is then 4eolorised in such eonditions that the
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f,f.a, 1z strivred to ca, €,07" simnltanenusly, A vacuum up to
€& mm, and temneratures above 1Q0°% wronrure this effect in bateh

deodorisersy the task i3 aven easier in many continuous deocdorisers,

In bateh deoderisation the +ata! steam consumed in heating
the oil, raisine and maintaining vaeuum and strinwing the oil
amoants to /10 = 507 of the weirht of the oil. Of this steam
only about one twertieth ie needed for strien’ng and the time
taken is from 3 to 5 hours, It is normal for continuous deodorisers
to exchange the heat from the outzoing hot oil to the incoming
cool o1l, The ail laver is much ~ore shallow, contact with steam
more effective, termmeratures may be hipher and vasuum very good,
hence residance time ig radiced tn less than 2 hours and in some
designe less than 3C minutos, fontinuons deodorisers are con-
etderably smaller than hateh nnites of agutvalent rate of output,
The savinzs of steam in heatine ard raenum ratsine may therefore
be as mich as 50 of the bateh requirement, Over twanty comm-
ernial tyres of contiwious dendorisar are availahle, feveral of
the most suceege™il are semi-gcontinions in thelr orveration since
0l is rrouramma? to mwove “ron one ghallouw tray to another in
sequence 1t Tixed intervals, all trays, whether used for initial
heating/d3-ar:t ‘ny, cteaming or ~:nal coolini, being held in a
comron shell under vas.am, This i{vas such a rlant operatioral
flexitility; it may he arrarged to onera’o 4r a truly continuous

manner of uninterranrte’ {low “rom iray to fray.

apdoned verotalla o'ls have heen very complataly cleaned
Prsm cumay imrurities by the time they reach the final stage of
deodori sation and their irl-rent thermal statility is pood, They
are therefore well rufted 4 the ressibly higher temperatyres of

gontinnous daodori sers,

PROTECTTCN AGAL'™ " QYTOATIO:

Althon b cxalnsior of erntact with air is the best vractice,
ore of the rrocaitisns whieh iz hecominy rovular *s to sparyge a

high purity nitrncer as very ine butbles into the Tlow of oil as

ke e L e




3t rasses alony a viveline inte s bel ire larn Yo walnoe of
Nit-}"(){';Bﬁ fxﬂ‘“l‘ﬂiﬂ(‘ﬂﬁ Te ot hatls 4wt At tra el whieh it o fact -
ively strins from At reol vad asvran,  The Seademen in the Loldine
tan¥ 1s maintained as « niporay blanket,  Thir vrecanbion '8
more velavant for auhar’enad wafipad ~itg Yabt conld sonsitily be

applied to 1iphtly hardaned otls,

Metal sequestrarts snch as nitrie acid ecan be a’dad at any

convenient time after £l arine and nanally at the Verinning of

deodorisation. The development of many of =flavours arising
from oxidation can he supprosced Cor a time by antioxidants such
as THT and FiA, usvally Limited te about 200 p.pem. in total, hut
some of the harden.ng off Mavsours sach as L ars detectable at
concentrations of IO"lG which is bayond the reach of aeffactive

action by anti-oxidants,

21, OTHER HYDROGHNATION HOUIES

Tn tha vresonce of vnnvéntinnnl nivkel aatalyst hydrogen is
added onto unsaturated oils hy tydro en dorors aush as iso propvl
aleohol which i'self bocomes i satts1 Yetore in the process,
This 18 descrilad as ~rmiv-ated hydrosenal on,  The katone 1s
capatle of beiny reduced taor e so promyl aleohel. T™Ts oil
hydroponation vroceerds glovly at room tomporatore, mora quickly
near the bp, of the alechol 337) and very raridly in thi
alcohol varour phase. Ot).ar secondary aleohnls (Aves this of fect.,
lower primary alcohols have also Yeen Tonnd to reant similarly
$n experiments at np Lo 20 shms, with methyl linoleate, bhut soon
after the saturaled fstty acid aster formod interesterificalion
bagan, Octyl al~ohol would aet as a donor bl 4% rot. intaresterify.
As yet there apnears to be no industrial axploilation of these
interesting roactiors which are capatla of oxarcisin: consideratle
gselactivity.

22, GECURTTY TN 1YDROGFIATION TLal:

Msks ir a hrdresonation olant sheunls be agsescad on the same
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(25,7 air., Caemperatien anava Lo e oe osortact with an active

catal tie surface yweaote cc Aneion.

Tparegr in7 wrosoiTe ann feo Cevpora’ura terds to widen the
exvl rive Tinits sligkity.  oov Wl reponfexyren dry mixtures bhe
1imits are similar, If “ho cas o sstura’ed with moizture the
lower hyirayser 1imit 15 very 13401a affeeiad but as +he proportion
of water vanon® inareacas with ripe in Lem-erature it 1s the
oxyren nroportion wiler fails, In tiwe cenlimous monitoring of
a hydresen snpniy the aiara condition ts ohvisusly always set well
helow the eritizal level, Thus 2.5 " ;3w mizht bhe chosen, since
thie rovertholeas indicate. an atrarmal contition which might
daterin=ate Yo a darweron: on3a,

The hair nrecaptions ava, (~Y prevant hyivopen from leaking
out, (b} vrevent ate teasirns one le) wvnid 4,nition. Ventilatlion
mast be graodr eiting unite in the oren ti» il otherwlse feasitle
is yood, ‘Men inmide, ttems o * wlant handline hydroren should bhe
placed as vt as mraetinet, ™'z avoids havim ta anply the mot
stpingarl protection Yo aelsctrice] equinment on the rround, Aute
olaves shonld nc' ba ermptied by vsing hydrogen rressuse, nor shon
1ines be clearad by hydroren blowing, leass at ~lands and Joint
can be detected by apnlinallon of soap solutimn, Observation of
gas holdars over a shul down, such as 2 week- ond, will indicate
1f any movament ‘leas) tak~s nlace over and ahove that due to
temperature cham'er, Cn {eed 1inas to antcclaves such ag oil an
catalyst slucey lines t is wire to /P o valves in series wit
a small veat between *hert wnich is oranea when the two valves ar

elosad, Major varta, such a3 thore 13sociated with safety vrest




kA
;|
=
=
%
k.

relisf valves, should e directed te 1he orarn al» and Titrad

with flame arroestors which most ha aarthal ant of ar~rove! lasiin,
~nev must never Fe ~aintai towards sensitive eqo immant, o AR
holder level alarns are cargidese? at rara IO} the airm is to
maintain a nositive internal orassure of hydrosen in a1l hydropen
handling aquivmert a‘ all times whon *he aquirment is not onen
for inspection or remair, famnressead air supplies must naver e
connected to lines which lead back to an autoelave, 7 vacuum

is used in the system this chould te Hdone bv steam ajectors for
creference, Lines and nlan' items shonld oe nirged with an inert

gas such as nitrogen,

When an autoclave has te he ovannd the tnterior mugt {irst
be freed from catalyst by stirrins a normal o011 charpge in the
autoclave, A" this roint the j7as smace mayv ne murrad fraa Srom
hydroren by ritrogan, then as the 031 1s withdrawn to ancther
vegsel nitrogen take= its rlace, Alternativaly, if no nitrogen
has been used it is also a cormon safe practice to withdraw the
oil and then complaetely Till tne autnelave to overfloewing with
water, hydroren reing Ariven out ‘o atmosphers, “hen the water
1s drained away air is allowed to enter, In elther event, the
Anterior of the autoclave may then be easily cleaned, after the
top manhole has been ovened, by "illing up with hot water in which

4
.

some eodium cartonate has haen d‘ aolvea T T
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Prior to beinp entered the au?oclave must be blanked off from
all inlets and outlets (closing valves is NOT sufficient ) these
inelude hydrogen lines (HP and LP), waste pas, soft 011, vacuum
(Af any), outlet ard catalyst addition line /4if any). Air is
blown in if necassary to cool the interior. Fusas must be ramoved
from the immediate circuits eontrellins aritation fear 80 that
this cannot ba accidentally switehed on, *Man ravair has hesn
comnleted air is either exmelled hy wa'ar £4113ne and hydrogen
drawn in as water is drainad ou', or oil 1s f1lled into the anto-
clave and the pas smace nuryed free from air by using nitrogen,

Nitrogen is then replaced by hydroren.




o matehas of 14 -hbers should he allowed 4r the hvirorenation
rlant area, Jeldine during oroduetion nariods in the hydrogen
risk ares should not te allowed, Tt is advisable to use tools
thet are unlikely to rrodice sna ks in an area where there is a
risk of Junitineg ras, The ares, in-=any case, should firstly have
teen comnletely clesred of inflamaatle gas. If ras trailers are
snnloyed these must e sarthe’ belore 44 scharige commences, The
vehicle should not be carable of tai ne started an whilst s+411
cornacted to the permanent installation,

Classification of hazardous zones has exercised considersble
attention internationally in the last few years., Recommendations
now exist for such areas and these are 1isted below,

%one C - an area or anclosged srace in which a hazardous pas or
varour or volatila fluid 4s nresent in suf ficient
quantity at all times to constitute a flammable
concentration,

“ne 1 -~ an araa or enclosed srace in which a hasardous rae,
vanour or volatile liquid of flammble concentraldon

may be released from time to tima during pormgl
31’)6!‘3*,“3611.

one 2 - an area or anclosed srace in which a hazardous gas,
vavour or volatila liquid, is g well under contzel
that a flammable concantration ¢an only te nresgent

in ghnopmgl oneration,

"he basic corsiderations hefore olassifying a risk, although
etvious are given balowt-

(a) Is there a “lanmable sutstance invelved 4in the vronosed
rrocass?

(b) "Mmat quantity is involved and what are its chemical and
rhysical provertiea’

(e) "low is the substance Yatnr atopad ani usad ("closed” op

"oren" rroceszs)?

(d) 1Ie tre rrocess vlant contadned within a building op 1s 4¢

outeidn?
(8) Mat 1e tre vrorimity

‘o nelohbouring nlant, third variy sites,
and sour-es o” irnition?




CATALYL:™

SUTTARILITY OF CATALYSTS

A catalyst must ofTer a rir®: enecifie niciisl or other
active surface, esasily sccessible to triclyceride molecules
(ca. lSAo width), to proiote zood hydrogenation raaction rates,
Active nickel catalysts are known to contain nlekel crystallites
in the SOAo - IOOAa ranpe which infers a soneific surface of
sonme 90 mz/grm. M., On their nwn, such =mall particles would
nregent 3 horeless fil*ration {ask, but distributed in some
oorous suvnort, such as that darived rem he silicacus denogit
kiesalzuhr, the res:ltant imnrepratad rarticles car ‘o produced
in the 1 = 1C mieren (10 = 165&6) r. a2e, hese siurvorted
satalysts Tilter ranidly and rrovidins the asual orecaution is
taken of filtaering for ‘the Tirst tan tn fifteen mintes a’ a
slower rate to allow some "4ler cake ts build un, ths "lack
ran' is small and ~an easily be ~larified by telin refiltared on
the same rress, This eatalyst 4s mechanically robust and can be
used forty times or mors withou'! necessarily pivine filtration
problems, althonrh its activity is sueh, aTter the "irst {ive or
six -s2s, that 1t is beat fitted ar lirht hyrirogenations invelving
merely up to 3 T,V, Aren, “atalvsts with hirh snecific nickel
surface can absort aovnreclahle amounts of poisorn and still remain
sufficiently a~tive to rromote - ‘ragenation at an accentable
rate over sevoral usas, Alse in the case of fres fatty acid
hydrogenation, where ‘he molecuies involved are much smaller than
those of triplycerides, 17 a nremortion of this active surf.ce is
located well inside noras which admit fattv acids but not most of
the sulchirege or other immuritias the ca*alyst will be narticularly

dararle 1f not sejectiva,

“electivity in fatty nil hardenin, has alreadiv heen shown
‘para 5) to denen? nnon the ghility af *ha mers unsatnrated tri-
rlyceride molaculas to desor: ars? somlae‘ely escane ‘rom the
vicinity of the ~atslvst surfare a“tar ordy one doutls tond has heen

Wydrogenated or 4semerized, T4 tha catalvst nores are relatively

i
i
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narrow (204° of less) and perhans long (poasibly some hundreds
of A%), there is avery chance that more than one double bond 1s
hydrogenated during the residence time of the molecule in the

pore, This means the progressive orderly decrease of unsatur-

“ation in the o0il as a whole is lost. Tn these circumstances

individual satu-ated fatty acid prouns ami even saturated
triglycerides hegin to anpsar mach earlisr in the reactioen, A
Pores whose width is 25A° or greater allow a much freer movement
of triglyceride molecules in and out; hence they establish
greater selectivity, Selectivity is inflnenced by pore width

on the one hand and by the size af the molecules being hydrogenated
on the other,

Where particles of nickel are: oroduced by the thermal de-
composition of orpanic salts, =uch as the formate, many are
extremely small and may form a;gregates. The same considerations
regardiny selectivity apply ‘o those unsunported rartioles.
However, probatly only a minor wvertion fail in the 1 - &4 mievon
size range and the miioritv fal) below this range. This can essily
Zive rive tn nrohlens when *he hardened 9ils made with suech catalysts
come to be { ltared Tho nsual answer is te employ some filter aid
which 3t iz a2 comron nractice tn add Yo ths catalyvst at the time
of vreraratior, ‘hen the ~aialvs 1is re-used, esnecially if it
has acquired same sunmorting 1 ter aid, at one time or another,

the question of filtratior hecomss mueh lass difficult and behavieur
aoproximates to that of a suprorted catalyst,

RANEY NICKSL

“hon tho aluminium is leachad *pam a 50/50 nickel /aluminium
powdered alloy hy a solution of caustie soda the nickel remining
is an active catalyst, Aftar caraful water washine ollowed by
drying in the atsence »* air the matalyet 13 used net only to

hydrogenata nils bmt for othar industrial hvdror enations, Thig

cataiyst ic markadly roront oric wvhen avnnsed to adp, Although

often used in the lahoratory it is net, nearly so commonly used

in industrial o1 hvdrarenation as *ha kieselvuhr and formate
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catalvats martions! shove,

NCPLE MITAL CATALY e

Palladtam, rhoding arnd nlatimen are mich mere active in
prometing nydroronstioc of 0114 than olther related nobla matals,
fince nalladtum 4s no only the mast active bul tha cheapest of
these metals 4+ {e *he abvions first centender For industrial
use. Talladiam has Leen variouslv estimated as betng 20 te 100
times more aetive than niskel: rno doubt the resalt dnrpends apon
the condition of Lha ~atalvst and the circnmsiances of the test,
Certainly it 13 much mora raszistant to attack hy frae fatty acids
than nickel, but ils actdvity ir steatily reduced < n the nresence
of volsons, such as sulnhur compounis, whish aleo damao niekal
catalyst, T! rroduces a hirh proportion of trans isomers,appears to
ancouraga mipgration of denhla bonds and i3 seleative. Sinee 4+
ig vary costly as »ell a- very antive the eahvious answer has haen
to disvarse 1t thinly an some inart aurvort speh as carbon, =0 as
to adant it for industry, ¢ far, in arite of its interastins

technical merformance 1t has nnt achiavad larve sonla nsa,

COPPER CATALY"T

The catalytie aetivity of cormer haz hsom Ynown <ince the
researchas of Satatier and Sendarens and the nossitility of an-
hancine the parformance of niekel catalyst. hy ineorporating conper
has been pursued intervditt.: 1 1y various oil hardeners since that
time, In the last Fi?ﬁﬁéﬁ Jears imrestipation of the superior
selectivity of conver catalysts has heen intensified, =sometimes in
assoclation with other metals ac in corper rhromite, tnt not with
nickel., The hest norner catalyste w111 nromote a hydracenation
rate of linelenate (triepe) whiok 4e gn tn 10 4irae crealer than

the rate 3t vhich Tirnlenie {fiens ) 1a hydrocenated, whereas the

corresvonding selactivity of niskel 1= 11%11e Fattar *han e

Conju-ation of dantle Yends ridor ta thelr redustion has hean

advanced ac "L moctani oo "v which the very seleactive hrdrorenation

with courer vrocaeds, “orifurated ar conjuratatl s Yienas ape
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reduced further to rorosnec =i* ‘hers the hyirapenation ceases,
This behaviour has mada 1* mossitle ‘o elimirate 1inolenate from
soyabsa: 011 whilet conseorving muas more of +he valuahle linoleate
vresont *han can ‘e ach’evad by gny ;- ohel catalyst, Alen rarine
olls have baen hydrcrens'e’ to gtalle 11413 otls, Conver
catalysts must ba en*irely seirecated fpom nlant. handling nickel
catalyst if thay are in nreserva “heir golaectiye e’ficiency;

aleo it iz imrortart ‘o romrve nerrer ~rommtly from the filtered
hardened o!l Ly a rvhosrhorie acid uaer or absorntion on an
activated earth, s vt ~rrmar satad yst has not been made with
the samo re-use netertial as niebo) catalyst, Tinolenate con-
taining oils hydracenmated with sorrer sgtalyet ~uat face compet~
1tion from the natural vesatable 415 whosa unsat.aration ig present
only as linocleate and olea‘e,

RECOVERY CF NICKEL . 1M SXHAUT TSN (3 mopaye CATALYST

pert catalyst usually contains about 55, hardensd fat whieh
1s best removed by solvent erxtraction, in which case the value
of the racovered fat laryaly de“peve the cost of the extraction,
Le:s desirable wrocadures are ‘e combust tha fat, savonify it or
semarate 1t rom the iguer *ollowing acid digestion of the fatty
catalyst cake, ™ha ninkel bearing vortion is then holiled with '
comewhat 41luted commercial sulvhur! + aeid for a veriod whiech may
vary fron 3 to 12 hours ontil a1l ny. s very rasistant 3% or there=
abouts of *he nicke! rresent hae nassad into solution, Oxidising
arents sreed the attach of the acid, T™e liquor is then made only
weakly acid by the pradual addi*tion of sodium cartonate and filtered,
From the slichtly acid soluti on of the nickel sulvhate any iron
imvurities, if rregsent, may be orecinated as hydrated ferric oxide
by the cautious addition of more sodium cartonate -~ the nieckel
sul nhate gti11l remaining in the solutien which is filtered,
ZATAL T PRCDUCTICY

g

‘he most commor startine point ¢ or the nroduction of nickel

eatalvst {8 a 26lution of ntekel

sulrhate »lthourh nickel nitrate

A s e o e




has been used when the contimed uvresence of the sulvhate ion

at later stages was held to te objectiomahie,

() Dry_reduction

A complex basic nickel silicate accompanied nossibly by
hydrated oxide and carbonute is precivitated at or very near
boiling comdition from the nickel sulyhate by the addition of
an alkali such as sodium carbonate, hbicarbonate or hydroxide in
the presence of a siliceous material, kisselpuhr being usual for
this nurpose, The kieselguhr also acts as & suprort for the
precipitate, The oneration may be organized on a bateh or
continuous basis, ood awitation throurhout. the precinitation
vessel is important,

At the next staje the orecinitate is filtered and literally
washed to minimise sulphate conten*, "ha cake when discharged

i AR S e s S b e e i e e coskihai e

will contain 55 - A3 moisture, Varions drying nrocedures are

used to roduce this roisture to less than 5., Local overheating

or baking to hard coarse nodules is to be avoided and Lhis presents
no special diffieulty, The powder is next fed continuousl y inte

a roaster of the tubular or ryrites harner tyre whare it 15 apritated

in a flow of hydroren at. ?1300 - ‘SGOGC. ‘The continuous het discharpe
of pyrovhoric nickel catalyst, stii] under ar atmosphara of hydrogen,
is dropned directly into a stir ‘@i vessel containin, whatever oil

has Leen chosen as the weiiwa fur vhe Uinal ecatalvst, A well hard-
ened oil 1s most suitable for this mirnese sinee not only is it
stable but the resultan’ catalvst mav eventually be fed to a chilling
drum and flaked, The flaked satalyst ‘s immediately macksd into

drums or other ‘mnerviou!s containers, Mvrophoric cstalyst may be
collected in an inert ras and then renderad rassive (non-nyrophoriec)

by controlled exmosure o air whilst beiny aritated, Tt must be
packed promptly and held in impervieus containers such as small
drums.

(b) det reduction

Nickel formate has a very low soluhility in cold water and

hence may be conveniently nrapared by adding sodium formate to a




strong solution of nickel sulphata, “he nickel Formate thrown
out of solution is Filtersd, washed in the minimum of cold water
to remove sulrhatas of the motkar iiquor, air Llown, dried and then

€ .y -

packed as the sryetalltan, B SR, HTL0,

Precautions mns® Yo laken o aonsarve any nickel sslts remaining
in filtrats lianors, Mlternativel 7 nickel formate is made by the
direct action of farmic woid on nickel carbonate or hyrdroxide,
fnce the thermal dacomrssition of nickel formate may be carried
out in a comparatively simnle tyre of plani it has been norular with
hardeners who wish 1o sremare thair oun catalyst on site, Thae
production it zonsisis esgentinlly of a closed vessel squinrpad
with stirrer, heaters, terperatuore recorlsr and vent vipe, Nickel
formate crystals are added to ahon® twice thair own weight of oil
in tha vessel with aritation, 2 partly hardonad oil is very suite-
able, The vessel is olnsad and heatdn- comrences steadily until
& temperaturs of i60GY7 i¢ reashed when water of ervstallization
is driven of I with a consequant. srentanecus Tlattening of the rise
in temporature. "hiz condition fs held or almosat an hour when
the tempera‘ure aralr chows sipns of pied ni, More haat is applied
L bre Tomveratiare 45 vesrine 47 wran some of the spolied
heat 18 turnod off za irat 4 o sac 2L 4g attained amd held,

Temperature: abore 2677 Gqaeia fhe aality of the estalyst,

Decomrosiiion vf the niel | foreais 19 qow -a11 nndervay and
carbon dioxide, hrirecsn an' ~tagm ars ovelved, &Jz'l'ln{: this veriod
a steady s~urront o hylsaren 4o paeced throuwrh the vessel to
expedite the omiare of the dsenmnssi tien vapours ur the vent vipe,
Some lanta rrafer Yo sroly vaonim Fow this yurvoss, Decomposition
is comrlete within 1 ~ © hours. The vessel is conled to 90°C,

kieselpuhr may bo added, than it 23 eartied. The suspension of

active nickel may Lo filtarad (o nroduce & cake of active catalyst,
If desired thias cake my be clurriad in fresh oil,

29, STORAGE AND HA DL U7 CAVAL

- an

For sanv yesrs nirkal catalvs?t was made available to hardeners
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as a fatty calis or concentrated sluery sw. ¥ad iy Myuns, Mowve
ard more a oreference nuis ocen wsrtavlisned 1o cotalvet to be
available 1o tha favm 97 210w 07 o 0 ten gy c2ed) incorvorated
into 1iquid oil prior to hardening, A4part from cise of handling
in this Toru ic is vossible Lo cuc.lue & rora exact centrol on
the introduction of frash catalyst into the hardening nlant, The
catalyst may be of the dryv itaduced varis.y on a siliceous support
or of the formate typs in whieh & fi)te a'd bas alruady been
incorporated, When stored in seeled contalnors :uch catalyets
retain thelr activity over mauy ronthy; or ewen 2 few years,
Fresh catalyst should not be left oxpssud te the air once the
container has boen onersd since a gradual yprocess of oxldation
extending over days will reduc: the astivitr,

Similerly during the period 2 catalys® i3 Leint raveatodly
reused 1t 1s incorroraied inte a slurry wiil unhardoncd o1l each
time a filter mnit i3 cleared, Moaven:iny of sush 2 slurry should
be completed within tvo or thros days an? ‘his 1 usually ne
problem since the filtarad cataiyst is ncrmllv recuired again
within hours, Molt: wall imrervious Loz have nroved perfeatly
sucoessful for the transpoart of Trech catalyst flakes., If drums
are used thay afford a convenien” sors of roturning the spent
catalyst "o tho manvlactore= for acovery o tha ni- el, Spent
cataryst snould pe rempacred very soon arvcr it ia giccarded since
when left in the opran, cxrosed 4o air cuwrents and hol sun, it
constitutes a real fire hazard couparanle with bleaching earth
residues from a reiinery,

INFLUENCE OF CATALYST CUALTTY Ol EYDRYGELATICN AND THE COIB
OF _NICKEL

Catalyst quality is described in terms of aastivity, selectivity,
durabllity and filtrability, These characteristics frequently
relate to the duty for which the catalyst is emnloyed: paras 8
and 22 have already considered how condition: at the catalyst
surface ard its general structurs affr~i thn coursa of the hydrogena-

tion reaction.



Activity i3 related directily ta {he amount of active
accessible nirkel surfsce ner untt wairht of catalyst., This is
by no means the same thing as the nickel content or the total
specific surface. lal csatory oo ivi', measurements ars routine
empiric nrocedures in whirh a kiewn concentration (Jose) of
nickel as the catalyst under examinatiorn is introduced into a
standard weirht of oil in a standard item of apraratus, stirred
at a constant rate and throurh which a sat rnumber of 1itres of
hydrogen per hour is buthbled, The tamperaturs is fixed, usually
at 180°C and the duration 15 rommorly 730 mins, Pressure is
normally atmosvheric, 'he Arop in refractive index or iodine
value during the 30 mins, iz ohserved and is a measure of the
activity of the satalyst in these rarticular circumstances.
Because its relative frecdom from satalyst noisons avelds introe=
ducing complicatin: factors, secam- oil i3 a favourite oil for
these tests, If the concentralien of tost nickel te achieve a
certain derree of hydrovenation in ‘hese airoumstances is compared
with the concentration of some standard nickel which achleves the
same effect, the activity of the test sample may he exrressed as
2 percentas~ of the standard, If the tyre of catalyst 1a kept
eonstant twn aamples of o1l may te comrared az rerards hardening
performance ty the same rou'ine, ihe tes! could be adapted teo
comparisons of two qualities of hydroran if one were suspected

of containin ay,raci-i1. catalrut polgon,

Selectivity has nlready heen exvlained (para ) as the ability
te hydroranate polyunsaturated rroups nraferentially, Isomerisation
to the trans forn makes 1tself annnsont at the sa me time in the

~eonditlons which ravour selestive hardenin:. Analysis by Gas

ligquid Chromatocrarhy shews how the prodnction of caturated groups
is rastrained by a salective eatalyrt whilet monsencs increase,

A selective catalyst -~an thas aehiiove a sreater 1,YV, “rop “or the

T oy

sameé myn.y or {or the same 7070 d=on, tha m,v, i3 rather lower,

whilst the dilatation ecurve w311 2 anrrvecisbly steever,

Durability, wntoh iaclades the vecistance lo poisoning, ecan
Al



be assessed by determinine tha mintiwum dose of catalyst necessarv
to achieve a certain dasres ~F “y2--soenation in what is arbitracsily
selectec as the maximum accental e time, This max mum time is

also a matter of vlant aconomy since very long hardening times
reduce plant ntilisation, Dirahilityw and anrtivity have come
connection with one another hacause of their derendence on amnle
accessible active surface, In svecial cases a surface which tends
to exclude noisons to some degree will have ood durability, The
concept of durability must incldde dnrahbility for what nurpose,

Finally hardeners axvect to obtain an averall filtration rate

of 150 - 100 Kg, o0il/m“/hr, without particular trouble because of
initial black run,

Vegetable oils are ygenerally low 0 - 4 p,m.m.) in catalyst
poisons such as sulvhur and phosvhorus, initially or by the time
they have baen nreotreated, This means that for light hydrogenation
tasks, such as hydrorenation of lauriec oils, an initial dose of
0.05% Ni/oil would bs amnle, 5ince many re-uses would be nossible
the overall consumpntion would dron below 0,027 Ni/oil, At the
other extreme where it was folt. necassary to produce a fully
hardened vegetable oll, whish involved an T.V, dren of 90 - 130
units within about five hanre raeaing time, an initial dose of
0,1 =~ 0.15: M /0il a3 fresh cat lyst would “e amn! , This catalyst

might be used arain for similar rurvoses at treble tha concentratien-

and finally pass to easler taskes in the zenaral hardening orogramme,
The expenditure of nickel on the rrodu~tion of tha fully hardened
0il would then be assessed at abiout half the initial dose, say
roughly O,08% nickel or 0,8 Ky, Mi/tonne oil, iinally it should

be pointed out that for many hardened vegatable olls whose m.n, 18
in the 32° - 35°C slip m.1. range, catalyst can be used repeatedly,
8o that the overall consumption drons below 0,05 Kg.Ni/tonne oil,
i.,¢, 10 = 20 re-uses,

The usage of nickel depvends umnon how the hardening vrogramme
is made up; without this knowledge no set. figure can be quoted,
Oils such as rapeseed which have a higher sulphur content, say




(a)

(v)

50 pon.m. O onoerpde 93] and 30 - 20 roneme on nautralised
blaantied oll, chow hirker aatalyet usapes for mrgt nelting

points,

BCONOMIC o CATALYST Funbrc ¥ AMD THE PICE DTTUAT T TON

fesle vary widely w1 % fla resional situatien and time,
Figuras yiven here are btynioa’ e 4, cnrope in 1971 and ars

glven as L0, dollars rer kilorram niziel,

The coat of 1 ¥r. niskel in lha form of nickel sulphate

erystale (N9, ,01,0 2 720 MG 005 te 1.7 deollars,

T™ha markel value of 1 ¥p, nickel in the form of srent fatly
catalyst. (M montent 2a, 20:) deljvered to the buyer...l.h to
2.4 dollars,

The dference hetwesn these ‘we value levels indicates the

cost margin within which a recovery rrocess is ebliged to operate,
Many catalyst suppliers week ar arrecment with their customers
whoreby catalyat iz returped atter uss for recovery of nickel,
If the nickel contant is higher, (aay 10-) the value allowed on
the nickal i« sfter increasad [y about 33 sinsa extraction is
more economic. Felow 1% Ni content the spent catalyst may be
aagler to 581l to ottapr nutle 2. Uhove thers has heen no local
demand For mpert ~atalyst shipment savoral thousand miles to

Europe hez been worilnthila,

Catalyst production

One stariing roint is niekel sulvhate as costad above.

The cost of 1 Ui, nickeY as nicksl Tormate ecrystals
(W (3.C00), 2.0 % 31x M) 5.2 dollars,

E A ‘e €.
Cost of 1 Ky, niekel n3 frash aative catalyst in 257 HL fatty
flakesg, ..., & Lo 10 dellars.

Toagt of 1 Kp, nicrel ae fresh activa cqtalyst in 59

» inorganic
powder, .... about 11 dollave,

The verformancs of 5 ~atalyst in it's marticular fleld of




anplication 1s a Aistinet Tactar in Cestdin: ite vrices, “he

price ranre ver 1X ¥y, activa niekel fg 000 ta 1hH 000 dAnllars,

Assuming O,7 kp. nickal, sagting 7 dellars lass 040 dellars
(spent valua), is rorsnmad Ir ardlenive 1 otanne of oil, costine
%0 dollars, 4t is evident that ‘ho earalvat charee am ants to
about 0.7 of the 01l ~est. Tt is andorstandable that the preat
majority of hardeners shonld vrafar to puschase catalyst rather
than make their own,

o
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HYDROGEN °RODUZTION
HYDROGEN ™RRITY

Impurities in the hydrogen usad “or veretable 04l hydrogen-
atlon fall inte ‘wo mein categoriss, !"irstly, there are inert
impurities which meraly dilute the hydrogzen or otherwise ohetruet
the operation of the autnclave; secondly there are imourities
which attack the catalyst and soce may also encourage splitting
of the oil,

Inert imvurities mainly consist of non condensible gases
such as nitrozen or methane, Tn a closed or 'deadendi’ system
they accumulate in the haadsnace of the autoclave and obviously
reduce the nartial ocressure of hydroren centained there,

Finally if the harden'neg continues far enoush and the headspace

is not vurged, oressure in the autoclave equals that outside

and hardenine stons, EBven in a ras circulation system inert
impurities cannot te allowed to accurmlate indefinitely sinece

this lowers the rromortien of hydrersn in the cireulated gas,
waetes energy and rrolongs hardening. 'ater vanour derived frem
imnerfectly Aried o0il, and voesi 1v a 1ittle from the hydrogen it~
self, would al-o ohctruct hardenine 1 allowed to thuild up in the
headsnace, hence the value of dryin- oil helow about 0,08 moisture/
oil,

Fortuna*tely the most widely used methods of hydrogen ore-
duetion now set a ctandard of 99,5 = 99,9 purity (dry basis) se
the obstruction of *he system scaresly arises and in any case can
always te dsalt with by morein' at a moment when the concentrated
impurities can be vinted For tha least loes of hydrogen,

Comnression (*o ca, 7 atms,) and cooling moist hydrogen
e®factively reduces tha moisture to abeut 0,17(v/v) at which level
it will not sipgnificantly obatruct adihle ofl hardening or encourage
serious snlitting of fat, Sulvhar 12 absent rom electrolytic
hydrogen and does not exceed 1 r.v,m, in hydrogen from reformed
hydrocarben. This is satisfactory since an active catalyst weuld

survive gseveral uses at many times this concentration of sulvhur
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2600 amreres “or 1 heiy crotuces 1 oant, m, of dry pure hydrogen
measured at (20 "%, i mme, i, I aore corvenient terms, this is
Lo say, that the hudrocer eaviaine? in ) ank, & of ~oisture
saturatod ;a- at 20770 00 cea, o wenld Vo preduesd by 2180 amp.
hrs, o drive Urg ~hoeli veaciion ‘orvard an »lesrrical pressure
of nearly 1.5 volts (lerarrnsiiion valiara) must te apnlied. AL
the same iLime throe other vnlian-es mist & addad Lo overcome anoda
registance, electrslrie worisigres aod cgtheade rezistance, The
final value of the necescary acll vallace 1ies hetwesen 1.7 and
g,ﬁv, geaoriins ta Tha e gt op AT T ha gl !f:*,i‘—:‘n'!};se%f r:f;],l. the
oloctrolyvte used an? ‘ho areratine cenditions, (Lomn,, nrassure,

conaentration’,

5 - o O
NaOH im comionly srecified e operate at 200 cone, and 60 C
KOH v " " " " " oy LTy o0

Up to 1.h8v, the haat literaied by the flov of corrent is
atcorbed by the system, Abeve thisz veliare heat is viven out,

hence practical elsctrolyser desirns must include nrovision for

eooling coils, 'he ranve of enersyv consumed to produse 1 cub, m,

moist ' (eneniTie consurpiion) at 2070 and 790 mm, 2, , depending

on the effisi aey of the ~el1l svstan will be,

fron 2.1 Boee 90 v dh M. Ho

10 P X O 5 A0 "

Cell manufeeturers constar ly secl desizns which require the
minimum over-voltave a1vl rance ~opsuse the laast current for the
hydroren rroduced,

THE RECTIFIER

Elmetrolysers onerate on direct current hence altermating
current bourht from the natiomal «rid miat Piret bhe rectdf ied,
fince the late 1970 manocrostalline anri-nondugtor rectifers
based on germaniur ov 5i1iamn havs “eew devalored to such
efficiency, courlad vith low cnst, thit thav arc steadily super-

cedinz all nther vvas 6f vactification, 4 wafer of monocrystslline

silicon atout ~ oms, ir ddametar ia ~lamped betusen a thin section
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of molybdenum and a tunzgten base mounted in a cevamic hausing,
When a voltaze ir arvlied in one direction very little current

will flowr and thie bloekinr affert ar invarse voltave may withe=
stand over 20C0v, Ahen the voltaye is raversed and reaches almost
2v, current berins to {low “reely, increasin~ te 200 amps, (“nv
the size of wafer mentionad) as the veltare incrrases, “inrla
rectifiers carrying 300 amps, d,r, with forced air or water ceoling
exist,

Complats installation of sonversion from i h ‘oltare a.,e, to
Low Voltage d.c., is available at 31 - /if 1,5, doll, per <.

THE ELECTROLYSER

Two basic types of electrolyser have been manufactured for
many years. These are the Uninolar or tank typs and the Bi-polar
of "filter press" tyme. The sketches at Apux. 1 illustrate the
basic orincivles of overation of each,

Inipoler type

Electrode plates are supnorted in a tark halding tha olactrolyte,
Tanks vary in size according to the camacity of the whole installation,
but 1,3 m. (length) x 1.3 m, (width) x 2 m, (height) aporoximately
would be average, Each electrode is hung in a bell housing which
collects the gas evolveds thepe 15 alwave ane more -rode than
cathode in each tank,

An asbestos diaphragm (D) comnletely surrouncs each cathode
preventing any mixing of the gases, "ach taink stands on insulators
and is insulated from ¢ho nexi. tan: in the row, “lectrodes in one
tank are connected in parallel; :anks in a row are connected in
series: this gives the most even distrivution of load, In a
tyrical 'mipolar battery the calls would require on average 2,1
volts and 4,58 k‘-'ﬂu'./m3 snecific consumptiory at slizht extrea
cost this could be equivved to onerate st 1,29v, and &, ¥ k‘dhr./ln3-

Umirolar batteries are of simele construction and layout which
greatly eases maintenance, Comnlete overhaul once in 50,0C0 hrs,
running time can he carriad out by local engineering staff,



machanienl Lolera nns nra raagen Y1y Tav e, oneratine current

Aanaity i oriy abact M ampE/oG. T

Caveral duwnl: o6 are otwen toired ohob means the alkell
pradnally cariana »r oot T T e Teoen e casreneal voorent
consumption. Alse many Jezion, eoacnie near e syspheris prassare
36 that a ltacsieor may te cee’c T dr Yoo sas eollecting systems,
Two or thres celle can Fa vakan ont of eprepit for overhaul at

any time with 1it’ie Llaess to rhe ssergll savecaty,

Hipolar tzr
A bioolar baltery of sells iz likenad o & filter press
becauge of its suveriicial apvesrance and arrangement, although

of course il is scveral ' imes larger,

As indicated in Amsx. 1 tha largas sheet stecel alectrodes
(P/¥) divide ene cell From ancther so that on one side the surface
of a sheot scts g5 sr ancd:, and on the reverse side it acts as

the cathuie of the adjacent cell, liol. shown in the ske'ch are

adriitional perfural rlates radeed 3117htly away from each surface
but alactrically sovmsetsd with i1, =0 that the elecirode surface
43 considarably draraaved, ‘There are the {orward anodes and forward

Y

eathodes, An selestes Yaphraga () mounted in a frama savarates

anodic and cathedic compariments and is algsao insulaled around the
reriphery therelv. ¢ Lie sreai mawrity of the current can only flew
from rlate to Cluta vie 44 alovtraiote Hasgive er ' plates are

: tightened ve 33 ihat an everly dis'rilmied pressnre prevents leaks

from the sasemtlod Lal- ap,

The slectynlvie surces an throash the eslis and in the gassing
condition i* over’lows inio ‘he aprrepria‘tse gas collecting manifeld,
T™he gas nax® serarates an then the olaciralvte, a®tar being pumped
threagh & filter, rabturas o the initvidaal sells agaln vi!& a
distribution mani€alc,  ™ia Tiew detuckes babnles Trom the surface
of tha olacircdes,  This in tare leade ta an imrreved snecific
sonsunntlion ~7 nower ecants the loss 7 lactrode/electrolyte
interface ‘s radnces, 4 typisal Banlar battary would have a eell

oy ) . B ) ) - )
voltege of [, 0%v. and sracific capsumictor of L, vwh/m’. The




hattery will usually nrers v at abont L0 spa, wet ooy YAUYR prosanTa
so that no banster 1s rear red, Cathoisy aa aftey -lren an
activation troatmert 030 Lo tiean gy 0 Tace w1 ohtly and aaves
107 powar. Althourh 'hic oCact mav last *~- no maowre than

20,000 hrs, the exyengs ~:o be dnstifiei, aspesfallv a9 & larre
unit, AL sdwelsp anits are alesed o thar sontact o alr with
the electrolyte is nrevertal, “hera le 4 btoh outpat of rag

from a small nlanb volume apd thev ftend ‘o v mera a"ietant in

terms of ovowav eorcimad o ran praducad,

To keen iri*ial canital aublay aconomical tha minimum nnmb-ar
of cell Mloacks *o meet gas outrmt mugh re rurchased but at least
two are needed to avoid comrlete shut-deum st Limes of ma jor
overhaul. Overhaul whish should he avers Cour yoarg is much more
expensgive than for the unipolar battarr and will oceury at least
two specialiets and six ascigtants for a minimam of twe waek g,

nresuming no marts have to he returnad ta manufacturer,

Mechanical tolerances have te be clrse and high ~urrent.
densities of 2000 - 3000 &'n:rs/sq.m. are uaed

Hieh oressure {ca. 30 atms, ) hinolar baltoriss sre produced,

Because the bubble size is much reduced tharei: a saving in
voltage and a consequant all-round savire in volume. An overall
cell voltage for such a unit is quoted at 1,%iv., ner rall and
snecific consumntion ', ;,:h’.{ﬁ

X

ELECTROLYGER WATER 5 IFELY

A high standard of rurity is required for the water Ted to the
slectrolyser since the rresence of certiin mineral sal's congiderably
aggravates the problem of corrosion.

The 4Ary residve from Lhe water feed should not excesd 10 milli-

Krams oper litre., The apecifie conductivity o7 the watar should not,

-6
exceed 4,57 x 10 = pecinrocal ohms per ~my, that 18, the sperifie

resistance is not less tuan 170,000 ohms nor ~m. ater should be

free from chloride, sulihate an? earben 1eride, Orlinary condensate




may not mee* those standards., Simple stean heaved stills are
available whichk 1a one distillation pilve a water quality whose
residue s sbout ! milli - rams ver litre and whose condoetivity

s as lov azs v x 1“3"[ reciorosn)l onme mer em,, 1.8, speciie
resigtance 1a 250,000 ohrs rer em, ek s.i1ls should not onerate
abova 75k ratad sanecity i csse o zarryoser of feed water, A
emall fon exchanes agrt»i-trg ennld ha 17t-ed after such a still
and a much hicher purdty vald result, bur this §s not really
likely to be nneded,

Deminaraltsation eqnivmont ear. Le used in nlace of the still
depending on the quality of the raw waler to be treated, Other
commeraial stills are availahle which re-uvaporate condenged steam
and this double effant also rives hirh varity,

37. HYDROGZN PRODUCTION CAVACI™Y A'D S OHAGE

The hydroran jemard of the larpest edible oil hydrogenation
nlants can very easily he mat sither by electrolysers or hydro-
carbon reformer mmits, {=en 3720 rere 11), As mentioned at
vara 1/i, an allowance eof 1 euh, m, I, shouid be made Tor a one
unit T,Y, dro» for one metric ronne. The weeklv “onnage of
hardened oil multinlies by the averace T,/, Aron divided by the
hours it i1s ororosed to orersts the nydroren gensrating squinment
gives the hourly cavacni'ly .oqu.rod,  (Jaall, Lhe equipm.at should
be onerated abova 00 carerity, SBsasona) nea demends can
obviously be amoothed to a derrse by ouilding stocks of hardened

0il and mal.taining 167 houre per waek working dnring the neak,

Hydrogen 15 delivered from the reneva'iry equivment to a low
pressire holder unless the roneretor iisell is already producing
gas at sevaral atmosnhares presaurs, 'he low pressurs holder may
contain only half an nour's outruty the ras from it is compressed,
cooled and put into a !'izh nressure stors such ar a arge snhere
(up to 1C atms, sav), or large horizontallr -ouiited avlinders (above
10 atms.)  The H.P, store is thon tne bufar store Cor the auteclaves.
IT the antoclavas work a* 3 atms, ard the 4,7,

store un to 7 atms,

it 1s the difference »f ! atns, times the i, 7, «*ors velume which is
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the effactive burfer, !7 this ~ffeeiive bl ar 1s mide ogual to
about 4 hours' hydroren ontnu'. it can “e 1sed vory conveniontiy
to cover short perarsinr shu' down cartods for aljustments amd
minor remgirs; also, this huffer camcity will Lals cars of hour
te hour demand variations ¥ the woolly rlan has Leer nroparly

drawn un,

HYDROGEN MEASUREMENT

Quantities of sasg are stated in ter & of voelume hence the
nressure, temnerat-ire, degraee of murily on a dry tasis and tha
amount of moisture rresent mus' btie definad alsn, This is essential
whether the hydrogen outrut of an alac&rn}¥sor is btaing chackod
against the eneryy inmt, or the actual hydroren used in a hardening
programme is being comrared with Lhe thaoretical firure, ‘here
hydrogen is being purchased the same considerations must. annply at
the time a contract is made, Hydroren may often ha nrogumed to be
saturated with moisture ai. the moment of manufaciure (e.r. aleal-
rolysis of water), but subsequent comrression amd cooling befoere
use or purchase will altar this, A statement nf maximim nermitted
dewpoint is adequate; 1t may ' chacked as a routine al. conveniant
intervals,

Numerous instruments denending nn prassure 3ifferantisl are
well known as flow rate indicators and thoir records may be intepgrataed
by hand or antomatircally to pive mgantitative measurements, Thelr
accuracy is poor, oftsn =, onlv 1'Y with axtrene care, A positive
displacemant meter is to be nraferred, A widely usad tyon oparatag
on the vrincinle o" the cvecloidal tlower, in tha cage of the metar,
the movemant of tha ras flow rotates two intarlaesking olements so
that a fixed volume of ~ar is -aasei throusrh the aeler Tor eanh
rotation, There is only a small nressure los: of 1 - 2 oms, walaer
gauge across the metery ancuracy iz balter ‘han T {(nfian heitor
than 0,5, )1 pressure ams temusrature corracstions nave to be aoplied,
Meters for various wide ranres of "low ra‘e are availai'le as well as
elevated pressures. Th, emall s$lir fastor of the meter should be

checked about once 2 year,
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The quality of hydrogen may be monitored continuously by
s Katharomster. Since hydroren has a thermal conductivity some
seven times greater than any impurity likoly to be present this
fact 1s exploited in comnaring the cooling affect of the samnle
gas on a heated platinum wire with that of a pure hydrogen
reference, The instrument is hased on a 'Jheatstone bridge arrange-
ment; the sample 7as rust first he passed through a drying tube,
Warning signals and precautionary actions can be initiated from
such an instrument in the event of the hydrogen wurity falling
below some pre-set level,

QUYGEN

The by-nroduct oxygen arising “rom water electrolysis is likely
to command a very attractive price - at least equal to that of
hydrogen - in areas where there is no well established supply.

Some, or all, may be bottled for use in the same factory. Amounts
as low as 10 cub, m,/hr, may be worthwhile collecting., Since the
gas 1s wet as it leaves the electrolyser it may be beld in the
conventional wet holder until it is compressed for use *or sale,
Oxygen is more hi -hly rara magnetic than almost any other gas,
Instruments exist for monitoring quality which are based on this

‘property,

SECURITY

Deterioration of oxygen nurity is the commonest early warning
of trouble arising in an electrolytic nlant. Normally oxygen vurity
is held at Letter than 99,0., Tt is inadvisable to overate the
electrolyser at oxyren puri‘ies less than 95,6%, Hydrogen and
oxygen rurity tests must te done at leaet once par shift if the
purity 1is not bveing continuously menitored,

Normal values foraell voltages are,

Unipolar Dipolax )
(a) Anode-cathoda 1,99-2,73 volts 2,0=2,25 volts

(b) Anode-gasbell 0,6=0,9 " = Anode~diaphragm 0,35-1,65 @ &=
(¢) Sasbell~cathoda 1,79-1.1 " *+ Diaphragm-cathode 1,65-0,35 " **




* Topr tha uni-rolar battery 36 +h giae ol Yop 2l sca lrope
at. (b)) and (¢) as shovm a’%er to sueh an orlont that (B)
tende to Lscome §.0 - V.00, and we 00 - e i

change-over (g an indi-~arior o nossiielo o0l “adtore,

**  For the bilepolay battary con-is‘ont vnlnss Taae than

0,35v, or ahove 1,04y, iolicate 4 »islk condiiion in

arising,

These volta;as should “a rart of the re-ular runnin eheck
on the bLattery, In addition to .aze wurity and coll voltars chealos
other points tn nete are, rell Lommeratirs, olocirole’ o strancth
and onurity, gas header pressures, Tunciionine of feed wator and
cooling/heatins systams and the anroarance of the calls, lanu=
facturers surply details of ~ritical data rolevant Lo their own
plants,

Precautions must. always be talan arainst mixine of pases,
On the low pressure as holder an ultimate hiyh lovel switeh shenld
limlt electrolyser plataes to helow vacsin:g voltare or switoh off
altogether if this level has baen reackhed, An alarm shovld be
given as it will be necassarv, vnon starting up avain, to parpe
to atmosphare for a short time until a chack shows that normal
zag purity exists, Then th2 as mav be naaead to tho 1,PF, holder,
This wrecautlon is comnaratls to startin: ur fhe batiery altor a

more nrolonsod mnse of savaral hours,

A hirh level audible/visitle alarm o” an almeszt “all holder
warns opMrators to roduce ras ontrut, A half-way switeah conirols
normal eormmressor on-off uiy, 4 low lavel switeh switehas of 1
compressors and wvarns o-erators - who may he able Yo inornage ras
outnut or raduce deman?, An ultimatae low lovel stiteh ianlater
elentyicity surnly te the enmrressor 1 the 1o Yovel euiteh faile,
A ras holder may carrv a storner movmbad inaide the crom in auch
a way that in the Yast sta-a of ite Adpaneni tha stomrer olosag the
mouth of tho ag off-tala = na okist laegk~ ummrds “ro= et bhnlow

i low vrortaore sutouts mav ha T1itad in comvrceresr suntion Tinas,

Major elact»{nal mauinment smould ta kant oot of himardous
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areas as far as 5 0317 1lcre must be rood ven-ilation with ne
possibility of mockets of ras belnr tranped; rrarsure vents
should La pined clear of the voom to atmosvhere, Meelwort chould
be bonded and 14 htui-py wrotenlion fitted. ‘alvardce’ ivon shoulld
not to ased in the vieinity f{a.7. rno”) of vapour from canstic

alkali bhecause of corrosion.

HYDROCARFON REWORMT &

Yoet of the hydroren nsed in aditla ol hidrozanation 18 made
from hydrocartons such as promane (Taite?y butane {"."10) or matural
£as rich in methane (7%, ).  his rrocees has advanced raridly in
slze and efficiency dnrin; the last ‘en vearsy at Lho same Lime
the steam/iren process has lacome o solete,

Therae are fonr main stares $w the nrocess:

1) Desulmhurisation

The hydrocarton ir rassed “hrourh activated carbon at

ca, 2 atwmg, and 20°3, Tis may b folloved in more
modern rlant hy rassare over zine oxide/cobalt molyhdate/
zine o ide,  “alvhar 5 yeduced to 1 v, teo prrotect.

*ha nielel cablaiyet abt the next etare,

(11) Reformine
q?“Q + VoD + heat = A ?%2
Prorane + stesm = caplon wonovide - hulroron
In tho low rreccure furmacer, 1,0, those oraratine at
rather le=s 'han 1 aiwsg, atove normal atmosoherie
nreasiure, tho aydrocarbon f= mixed with atout 7 *imes its
own volume of ~toam and macced over a rellated ninkel
catalyet in vertinal tubes, “"ho resction ean te carried
out teluween ~30° - 1100°C accordinit to furnace desiin,
catalyst atc., The hydrocarbon reacts with the excess
of stesn to iive carbon monoxide, hydrosen and some other
£ases so that a tyrical analysis vould be,
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'.:02 7.3
o 19,7
qz 72,1
CH, 0.3
zoa—:
(131) Conversion

Lov rressure steam is mixed with the raferrer pas
achieving a temnersture of stout 3307 and the mixture
nagsed over nickel catalyst when most of the 20 is
converted te ’302.

ce+n2ouf:c?+.‘12+hut

Mnce thie 45 an sxnlhermic paaction more LP stesnm
1s fod in hale vay throuzh the converter .o nreavent g

1180 aktove L0OO°C, The commesition of the pas then
becomes,

o vel

21, %
1.56

76,35
0,23

T ——

A

The gas 12 made to give up it= heat in heat exchangers
and coolers and is then gorubbed with methanolamine

to remove C0s.

The cleansed pas is then reacted a second time with
steam, cooled an’' scrubbed 80 that after this sscond
treatment its comrosition hecomes,

#4832

“ wol
GCD2 T™race
co 0.2
Hy 99.5

CH, 0.3
0




(iv) Metharalion
20+ 3y = CH Pk et
carbon monoxide ¢ hvdra ap = o' hane + steam
The fas leaving the second absorbor iy heated to 240°C
and oagsed over a nickael catal vst when the

reaction ensues as showr aiove,
The hydrogen leaving tha met hanators {oF OO:‘I, 0.07 atms,

above atmosrheric nrassire) is finally cooled and passed
to & low vressure yas holder, 7Tt has the Tollowing

eomnosition,
o, 0.01% (vol, )
Cﬂh 10 n,p.m. max,
H, 99, 5. (vol, )
H, 0,457 (vol, )
ater vapour Naturated

Tnis standard of nurity will emable any tyne of hydrogen-
ation to be completed without difficulty, @ere have been
significant further dsvelo_ments within the last six
years, iyt vressure andts vhich rive a contimous outmut
of hydirogen at 17 atma, 37?%0!3 have hscoma commen and are
likely to become s*andard, One conversion stage i1s follow-
ed by a shift veastion rrer an fren-chrome catalyst,

The gas is findlly cleaned by absorbtion at high nressure
of impurities sunh a= 70, T“;Q, !é?, CHy a'e, in teds of
carbon and moleciiar sieves of Aiffarent tyres, Thisg
rroeess is aimn’ g 4 30, G T?g mirity,  “orn down cape
M‘ity to a quarter or less o7 wayimum can ba arranged,
Comoressors to serve the hardenin- autoclaves are anlikely
to te requirad, since ‘he hydroven is already at high
pressures haat recovery is mich imrroved so !hat the

vlant becomes sel” sufrSeiont as reiards steami smallep

equinment. ie ugeds canital Investman! Apoung

P



b2, OTHER :oTueDr o e AT TG UYDPOGEN

(1) =ydrcgen may ha ourchased raar estalldshed contras o
chemical manufactore ang movad by Sireline or trailer 3¢
distances are not tne rreat, 4 larca trailer carries R}
equivalert of 2000 s andapd cub,m, i, comrressad to var,” high
vressures., Definition nf ‘he quall'y standard and means whaereh s
the guantity of gas rirshagan is Lo ba measured muat bo a~,aad
in the contract whatevar the rvetam may te,

(13) Zlectrolysis o brine rroduees hy.nroduet hydrogen chea v,
Purity is diseussed ar rawra 32.

(111) Petroleum refineries ~iny have available larpe quantiiiey ¢!
hydrogen in *.e was‘e orotucte “rom nertain tyves of oreratinn,
The waste zas can ta cleaned u= econonically so as to be parfactl
suitable for oi1 bydrogenation and veuld orobably meet th- fallow-
ing stamdardi~ 4., 99,3 « M,7)) €O, 1 - few PeDymy HoS, Vil -

Yay 0.£A maxy O,, Q.07 maxy T G2 - 0,1%; ethane

and assortad unsaturatad h rrocarhors topethas net more than o, 00.%.

few n,n,my

(iv) Ammo.-s . erackine in a " ubular furnace at about 250°C over o
snecial catalyst vields a v5/2¢ VE/F? “a8 with maximum O, 05
undissociated ammonia, Farsare thro&eh 2 ralladium silver memkrans
vroduces a rure hydrnren. ‘or 111 rlant scale this process 's

likely to be mach more s0stlv ‘han electrolysis or reforming,

43, CJELECTION OF mvpronsy FROQUCTTON PRROcS

The usual choice is teviween hydrocarbon raforming or
electrolysis of water, In Turn, the economics of these methods
depend upon cost and avallatilitv o hydrocarbon (insluding natursl
2as) comnared with elantricity,

For medium vlants of ateat 200 nub,m, Ay/hr. output where
there is no unlve rastric!ion on *he sumply of hydrocarbon a eost
of & 1,7, cen's par oy ., i, wenid be normal, As the plant sige
increases to some +hausanvie ;’ “ub,r, ner hour the cost drous
towards ha'f this T4gura,



- 1

ralow U e, s, e Al el 0 ns o afieetl the
Yacue In lavone o al-iroluria 30 &' a2’ 50 anb,m, /hr. the
electrolylic cost o7 ra-hane 172 econt: nar anb,m, {(without sales
of oxyim) locks anrs attract (v,i, 1Y ¢ prumstances are such that
oxXyger. can te sold bt Jaast for iho sare mrice as hydrogen, then
the electrolytic hvidiarm racls ~ve nearly halved, This means
the elactraliyiic rracass remains cornatitive until much h{gher
production lavals are belr considered, ‘iydrocarton reforming

units are on o' or dowa te onirate of ca. %0 eui,m, /hr.

Power consumrtion and canital investment for binolar
electrolytic units arse usuully lewnr than for unipolar units of
the same hydrocen nutrut, Mainfenance costs are considerably
higher, so that he initial alvaniazs of thas bipolar unit may be
cancelled., The real ariterion is the lowest nost for the production

of a reliable sunply of sufficientlv vire hydrogen over a period
of time. "he versatility and sase of maintenance of the unipolar

aystem have alreadiy been mentioned,




VEGETALLE GHSE pROTI 1o

L)

bl,  GHEE

S——

A little oser one handeed jears avo rargarine was invent ed

to sunnlement the sumndly of VTntrar 4pn ‘rance, T'sg manufaciure

erew steadily in quantity and variatv until marcarines astablighed

themselves as distinet products within their own right, Abont

fifty vears avo hydropenated vepatat.la oils vere introduced to

Asia from furovs tn cupplement loeal curplies of ithee, A faw

Years later the manafacture of hydrogenated veretable 0il or

"vegetahle hae" commenced in the centres where the demand oxisted,

Like margarine its vroduciion has inecreased enormously and it alse

is established as a nrodnet within its awn right, Tndia alone

nroduces over &S00, ON0 Long each vear, Ta nndsrstand what is
1

required of a vepetalhle rhee 1' 45 jsafn) to consldar briefly the

origins and uses of grhae (milk ghee) iteel', ‘uttars made from

#oats o sheep are Aiffienlt to
store in the warm climatos o the “at Fast, Tndia and Pakistan,
the Middle Sast and Afriea.

the milk of nows, buffalage,

"o ease this nrohlam, toth for the

oroducer -(tha fymmari- and the ermsumer -(the “amily)- the butter

1s haated steadity st as to riake it sossible ta samavrate iie fat

from the aqueons vhase }y decanting the

ovavorating tla wa ar, Ma Flavour derivag rartlv from sonring

of tha original milk, wartiy

at laver or simply

fom the nrotein - cupar interaction

during the heating, which con: Lprs a caramelisad affoct, and some-

times nartlv frem the smolky

fira whar tha latter ig uset 1s the

means of heatins, lavour may be Joca=ited ag cheesy, the odour

as mildly fruity and the colour in some traditional varietias is

a bright 1iu¢ht yellowy
almost white,

in sthers; suer as bu"falo phes it is

Moisture has haen almost ecompletely removeds  some tracas

of milk nrotein may still vamair. The senarated Far ig now

allawed to cool and sat ‘g a colid,  Deparding onon how quickly -

the cooling tavas place and the temnara‘*ura of tho surroundings

the crystallization o the fa-. roducae s textiares which vary from

ine smooth i'rains ‘o larize sraire, ~ompara'la with sma'i  rlee




sraing, from which a 14.*1c =eraration of some liquid oil may
sucsequen .1y *ake nlaca, ¥it. tha eonsideratle variation of
startiny matorial a2v® oie o' rrecaratisn 1% is only natural that

the final rroduct siows: coneldapghls rerton~]l di""erences,

fexture, m:ltiny hehiarionr and manner of use are closely
related in tha cnse of phan, Thoca same consgiderations must be
taken into acronnt when wsnnfae!urine a vage*ahle chee whiech will
meet customers'requiremen*s in the same way or Letter, Tt is
well known that naither shen nor varatable ghae 1s usad as what
in the west is called » spread, ™ev are used rrimarily in ,
cooking overations ircludin: Jeen ard shallow frying, making of .
confuctionary, baking, somatimes in rurry nremaration and much
less commonly as a divect aiditive to “ood without any further
cooking,

A tyrical ghee has a slip melting voint of about 37°C: the
meltins vehav eur is no* tno alrunt s may be Jjudged from the
following datui-

Temperature” . 15 20 2% 30 35 39
.ﬁclid gt ir‘;’iax 2 23.5‘ I?UIQ 12.!’ 6. 8 2.‘5
Mlatation 800 53¢ 435 310 170 60

Coviensly, 1if a vere*abls rhee annroximates to these
4 ¢

characteristics in civsumstances whera rhee itself is satisfactery,

then the vagetahle chee will be acceantable, I on the other hand, ¢
zhee suffers some dizadrantages in a marticalarly hot climate or %
doas not pive the tast resul.s in sore bakad producl, that is i
Food reason why a vepgetalle ghae shouid be modified slightly to §
meat Lhe consumer's convenience, In the warm climates where %

vegatable ghee 1= in ise summer tamnerataras ecan te such that 37°C
is sbout the lowest maltin: mo'n* which will normally allow the
rroduct *o remair seiiA inrart, *that ig, comorising solid grains

of hirher maltin comronarts mixa with serarated oll, This desire

to maintain a colid reodost hag haen ne*. somstimas by producing




ve,"atable ghees wich SETM Ty mtohor 1 lie ANt of we ta anf,
Tinee oama miit IERIET A Tt ' i i v
SARee coma o mith o, S Tele T el o it ehae

i

18 sb111 within 1y, TR At e raatarat rreadnet, At

the other end o th, seale bho o ta g SARA RETHEEEEE I malkinge g

vegataile e whicn wali s Ay

dowever wide] ; fhe ~lbaate Ary o In Lorcaratiyre the

human roly ormveralare reradine oleas ' a L% e A isarreagnl e

versisteal. fa'ty sansation en the rulaig g ta b avoidad 1en
the prorertion of s0lid remairing in the vairiabla shae asove
this Ltemparatnr. LUES RSN ES ST B Trattad,  Thig Meanas “hat, tho

SFT or AMlartation e alroady Loy and Falling gradually as 1t

X T + ‘ .
nears the 377 mapt. 1, other words, 4 reagonab v extanded

plastie ran e or "ryqte Prme dilalation surve has bean achiaved,
The data quatadq “sr 4 tvrical chae whove §n raot 1luctrato

this affact, ¢ 1a vorroxiately coreact that at the slir point
the SI'T s abovt © (or dilatstiorn 107Y, 7 gne imarines a milk
ghaa or a vepataile shaa whore T valume e nimerically the
same as thore oo it the 2anh tamnaratoras o 290 hizker than
thore indiratad the, sni. materdal uenld 51411 he aecaptable
when ragardad ag . shartanins cnd o indand "infter® than a
variety of ayirorenatad vepatah e nid shortenin:s in common 88
in many rarts of tha worli, 1o aveld having Loo hard and nrwork -
able a fat 11 nooler tenraratu-as 1+ wonld Le an advantave to
obtain SiT at 15° and 710 rather Invar than those chewn for the
ghee,

Vagetalle rhae mist be recarded ag a cookin: fat or shertening,
hence a relatively lat Ailatation curve s the requiremant,
Vagetahle rhee 15 a menber of tha very wide froun of hyirarangted
o1l shortenings and the aame tachnignes whieh are widaly used in
other rarts of the world to rroduce these nrodusis annly in
general to the rroduction of veiatakle rhen alsy, To Y rrecise,
Mavour stabili'v i5 ane of the nrimary considerations, as always,
and to achiave this, hydroranation wust ‘e taken far ancuvh to
brins tha lavel ~* the ranctive, t-ipiae unsaturaiad 1inalaenie

acid down te 27 at most, or aven ts aliminate 1t aliocather, Ae
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with other c=hortaning manufacture in Zurome and U,S,A, the
temperature of hardening if restrained to about 140°C - instead
of the usual 180 - 200°C - for most of the sarly part of the
oyecle will favour the long nlastic range or flat dilatation
curve, It does not favour selectivity in the removal of the
1linolenic groun however, so the practical conditions of temp-
erature have to be a compromise, This by some hydrogenaters

in the U,5,A, takes the form of allowing the temperature to rise
above 140°C for a brief period towards the snd of the hydregen~

ation cyele,

ELENDLNG

The final texture for many shortenings and vegetable ghee
itself can be closely annroached by hardening one oil or a
mixture of oils, but it 4s nrobably more common vractice to
blend two or three hardened oils of Aiffersnt slip points and
levels of SF1 so that the contribution each makes to the solid
oontent throughout the temperature range emables a close match
+0o be maintained with the spvecification. The blending operation
allows the vroducer some room for manoeuvre to achieve this,
The different hardened oils mayv be derived from one or more
unhardened olls, e,g. groundnut, cotton, soyabean., One of the
components may be a liquid o1, as for instance the 5% sesame
which is obligatory in India. This emables the vegetable ghee
(vanaspati in this instance) to he detected by means of the

" Faudouin colour reactions it also harpvens to contribute a little

- about. 2% - to the rolyunsaturated fatty acid (PUFA) content
of the product, The nrovosition to increase the level of un-
hydrogenated vegetable oil in vanasmati (though not necessarily
sesame) 8o as to raise the PUFA content, is being actively
considered by Indian scientists among others,

BENEFIT OF POLYUNSATURATES

The reasons for making available to consumers dietary fats
whieb have a content of PUA greater than is orovided by many

5 s I
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traditional sourens 6" rai - osreetaliy thoss of animal oriyin
- are briefly as "ollaws,  in diets of adeqnate and more than
adequate caloric conteni,whewa "4t wicn ir =aturates nrovidas
more than about ¥ o° the -otal ~alories, “hare 13 a noticealle
increase in the lavel of cholas arnl in the bloodstream,
Cholesterol is chiefly carriod in ‘he tlood in the form- of ite
esters with unsaturated fatiy aeids,  Teras it ig derosited

on the walls of tlood vessele as tan aster of saturated fatty
aclde the vessels beacome martly blocke? sr restricted and this
applies to the aorta of the hear: 4= well as the smallar blood

vessels assnecially the noronaria:z and serebrals, Thus the

conditions of atherosclerosis and cer*ain heart diseases arise,

I 48 also noticeatle *ha* the cnolestarol level in*the blood of
people who are rrone o hesrt a'tacks ia hlrher than average.

By increasing the level af nolvinzatnratad fatty acids in the
diet of such veonle - and ons *hinks here 0 the maturally
occurring linoleie acld - tne chnlentarol level my be raduced,
althourh tne nronoriien 0° nolinsaturates to saturates (“A7A)
in these visible “a‘s o” the die" mual ‘e cong’ derable 4f they
ara to of"ear the satara‘ad “alty acids ir ihe hole dlet, A
minimm ratio ~® #7408 0 07 1,2/1 “or dtetary "al nroducta has
been recormeniad; soms goeaial meriarinas in Zurone and U,°,4,
aim at 1.5/1 or hirher.

ERENTTAL TATY ASTDT

It would te ar exas;-ration and misle.dinr to suggest that
the association o satursted fats and hish Llsod cholesterol was
the sole cause of the heart dissase rvavilent in any countries
where the diet i« adequate or ahove, lack of oxarcise, stress,

and heavy smoline are also reccrrizad as natent factors. Tt may

therafore be asved guite reasonatly ~vhy bacome noncsrned tn nrovide

volyinsaturatos in the Alet whape thaeo “actors ara notablv absent
and the nogt widesrread rrorler 1s not o ~aut de m aaturated fats

bt how evan to anmpoash a (liat sdaqiate in nalnric son*ent?

W0 reasons wrasant ‘hamsalves., .or 'he ~rorortion oF *he




porulation o are “nr!anate aneach te andov the adequate diet
roasttly riek ‘n osaterstss, as rentioned above, 1t would be
desirable o mie ac e Yoo, s teactive Tore some distary
fat. produci g rioh in rolvunzat urates ‘o combat atheroseclerosis
an! haart diseass, "n= the 1any 7 11iens whose chie! concern is
to obtain a Aiet ovean adeanata i1 caloriss 1t is etill imnortant
to make availavle relviisaturated Tatd asids heeause in so
doine rarticular Torms of tham are ‘harsty sunnlied: these are

v

the essential ratty acids, 'a'd),

In 1330 are 2 Fapr Tirst chowad the® deficlancy in
marticular Ta't; aeids 1ad 'e a serias of 111 offects espscially
in the devalornent »f ths yeun+, A whole series of bodily
funations anoear 'n denend avon a certain winimam sunnly., More
recently linolele anid has been racosnized as heins cavable of
bairg converted to arachidonia acsid in the human hedy and this
acid in its turn ie conwvertsd le a clags o cownounds known as
the nrestaslandins., ™o latier ara invelved ‘n a host of bodily
functions ~uch as the e®ficient “unetionin~ of narve fibves,
blood pressure rarnlation, "wle “ertiliiy, utarine contraction amd
smooth muscle -on‘racmlor. Friously more i3 now involved than
the hymocaolestorolasei: offect of Fid and thelir ralation to heapt
diseasa, Tt seamz 1o’ inits that a Aefisimnay o” linoleic asid in
the youny leass to aimermalities Tnt the reanlts of Aaficlency are
not so elearly visgibio whan ainlhe are the subjects, “thereas ‘he
homan motanalisn b5 cara®le 27 dewivipn the irvortan! arachidenie
acid Trom Linolele .w0id 3! is no' canahle of malsin: Vinoleic seid
for which wa are Jecendar! nron onr A%e’,  "he amounts of IFA whieh
must, he nresent in the die' ‘o overse o AeTiciency afTacts is abeut
a quariar of the aromt of T4 neods] to counteract TA7A in a rish
diet. rom the data iven belav i will e raadily apparent that
much of the .5 present in the verelsble oils concerned is nresent
in faet & W4, Vis i3 T soman Yhe mazt demartant reason why

waretal,ly alls of this tuwe bauld b 0070 avatlable in the

it ,
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As stated in nara 1 three molecules of fa*ty acid are
combinad with rlvceral to form a trirlyneride, i,e, oil or fat,
Tt 1s conventional for most rurnoses to ecommence numbaring the
oarton atoms in the chain vhich comnrices any nartisnlar {atty
acid with the carbon atom attached tg the *1lvearol as Yo, 1
and then urwards to tha carton atom at the other end of the chadn
whieh terminatoeys in a ff‘iB— rronon,  Tn discnssin- *he structure
of the T A 1f ‘his nroesdurs is reversed ani the carben of the
C@Lj- Lerminal srour is mumhered 1, cartain distinetive ®matures
are much more clearly Aiscarnitla., st onlv are “FA cis
nolyunsaturated Tat*v seids (*rans shov 1ittle A activity),
but the location of the Asulle “onds in the cha'n 1a evidantly
imvortant also. "he double ‘~nds are not alterrato (conjurated)
but sevarate? 'y o aettlana oy Ylar = 20T, i M 10H- ate,
Further, in the immortant 574 *he “frst Aoni 1o Yor! 45 loecated
8t the sixth carton aton “ror tre tarminal "o, 1 earten atom,

e nuwtar of earhon atoms “rom tho tapmingl carton ‘o the doutla
bord 18 known ar the "ind Tarhan “hain® (777), and inMeated hy
the Greek letter smal) owsca, (w).

Thain Jouble Londs WO Tatdy

opzth (cis) at ) acid

ma Y O A 1inalain ) most,

me fg 9, 12, £ “anwma 1linolenie ; important

720 e T 1M, 18 4 arachidenie ) TR

Me T in

| %, 4, 3 linolent 2 P

Sele) £.0n s 3 S0

' Fimy clsy } imrortant
alcosa dananoin )

i ‘
ot
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Other volyunsaturated fatty acids inoluding some which occur in
fish olls show slicht TFA activity.

SRAIR

After the Mascussion o” “'w »“i114onal value of vegetable
ghee it 1s next. necessary to consider how it may be made most
attractive in avpearance from the often traditiomal viewroint of
different consumers,

‘lhan cooled, solid vegatable rhee 13 3 creamy off white if
no colouring material has hHeen added, Consumars may exvect a
very fine smooth grained fat in which case rapid cooling 1s what
is needed, This may even Lie achieved by merely chilling the oil
An the first (A) un't o a votator and filling the super cooled
1iquid into containers when ths fine erystals or grains grow
within 2U hours, whilst the temrerature is raintained below the
melting moint,

‘here & larger grain is raquired the egme freedom to shill
ravidly is not onen to the manufacturer., The traditional method
has for long been to £41) tins with oil at about 10°C ahove the
melting noint which is a genorally a convenient temmerature at
which to handle a hardened fat, A temmerature of 50°C would he
sultable, The tins ars then rassed into a nearhy cooline roonm
there they are stacked in rows acroes the room several tins high
to the comienience of the onerator who is doing this by hand,
Smaller tins (0,5 Xz, say) may be nlaced quite close together
since for their weight they nossass a relatively generous amount.
of surface from which to radiate heat, larger tins (15.0 Xg.)
must be spraces a 1ittle more grenly with a few cms, between them,
At first the circulation of the external air into the cooling
room is adequate to bring down the temperature steadily to the
melting voint in a few hours, 2fter which the air blown in must
be itself cooled (15 ~ 20°C), As the vegetable ghee cools steadily

below itr melting voint crystals grow and liberate heat so that

the temperature now terds to remain steady for uo to ten hours

i“




after which i+ continners to T311 arain Tor some "np'har hours

until abtout 2597 14 r2ached, The raon mav then la emnliad,

The pre ess is tima-consuming 3 starla,  Wo to ' iree days may

may be taken ur Ly one cycle, ath fLarre Ling ot Ki7e and more

be |
an area of 100 m" w3l dastly Mield 180G Lons annled oroduct in

the workiry weaky, but with cmaller ting o° say 1 Ne,
is about half and ror Q.¢ ¥y tins aiont a quarter,  Anything
which shortens the cooling cvele

the out mat

whilst allowing tha requisite
grain size to avnpear, naturally onharcesg nroductivity,

"y imrersing the wrobe o a temporatinre rocorder into a tin
of vegetahle rhae a cooling curve may le obtained vhich indicataes
the initial rate of fall, the neriod when the evolution of laten'
heat of crystallization arrests this, and then the rj nal descent
to the end of the cooling cycle, fooliny ecarves vhich Tie above
the onae Adescrited should vield larcer rrains (slover co0oling) and
vossibly some senarated lignid, whilst curves “alow vield finer
grains (quicker eoolinc) and a close, firm vroduct, Tt 4g
ineviiable +hat tins on the outside ani at tha centre of a stack
will often show some diffarence in arain size, ¢ the nroduct is
allowed to melt in transit and recrystallize acain a 41 ferent
texture may well vesult, Tt 15 intorestine ‘6 valflect that whether
the nroduct iz i1,e or 200rcs prataed

notha Hr, the first oreration
by the .:onsumer may well be to it the veretatla rhee as yart of
some cooking overations,

Just as margarine has heean vi taminised now for nearly fifty
years it has hecome reneral rractice to add to vepatalle ghee vitamin

A to the lavel of at leas! 7% Tntarnational mils ner sramme and
mational lerislation may require this te

ta adde?! in soma standard
synthetic form, itamin D (caleifernl) if added will be nrasent

at about 3,1 U, per Fram. Of tha three igomerin forms of carotene

the A form is the most notent sines tha body is carabkle of splitiing

one molecule of B carotane to zlve two mnlacules of vitamin A,

Eeing resmonsible for the natural coloyr of bt

1ar carotene is
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of eourse an ohvieus chrice “or the colourin of maryiarine or
veretable ;hae, 'l the reguivrad larel o »witamin A 1s all
added ‘r the “orm 9" ~arntens too inrane> s colour ray he
immarted ‘o the nrotu~t, One av aveand this i Tieulty ia to
add carotene ur {o the leval of v colour required and then
make un to the required vitam’:: 5 Tave) v the addition ef
vitamin A i*gels, In s:eh oan cven atent one third only of the
vitamin A will cone “rem ths ~aelens, Ay uade mixtures are
vut on the marbet, If or ‘ie o'na; bart vitordn A alone is used
colour can e nrovided ‘v ent.ctancae sonh as anmeito, ths well
known orange vellow rirmert ex*ranstad fror thra seads o “lya
oresllana., “ynihe‘ic colours which have Hean used in the
margerine industry are also available, T“enzene aso—? -
navhthylamine (yellow) and o-t.olusne azo-/# -nashthylamine
(yellow - red) listed in ,",A., as "ood, Drug and Jelour Ast
yellow Nos, 3 and ! respactively, are twe of the hest known and
whether used sewmsrately or mixed ‘he level of addition would be
about 25 pem.m,

In the mast flavours derived Trem soured milk and cheese
according to loea? taste hi.ve h:gen ured by manufacturers of
vegetable ghee, mthetic "lavonrs such as Alacetyl used at lew
levels of 1 or 7 r,~m, simnli€v the nroblerm of maintaining a
consistent flavour, ™har well *ri:4 "laveurs are buat/ric acid
and ‘pineannle essence,

Jovernment lerislation may ‘aval upon ‘he oils which are
vormitted for nse in the nroduc'ion o vecetable rhee. the
characteristice of the rraduct sueh ae minimum and maximum slin
melting noints, maximum ©,,a,, inclugion of s tracer oil such as
sesame and ‘he vitamin laval required !f sny, Added rolour, flaveur,
anti-oxidants; mav be ~rohihited or resirieted to certain classes ]
of additive, anufacturers and exrortors must consult these rales,

Vegetable zhee is normally nacked in tins which have certain
obviocus merits as containers, Tirstly they are rebust and withstamd



transrort andt “raquant handlineg  cacandly their closuve is moat
satisfactory for resistiy incress o air, moisture ete, which
could lead tc stalenanss and rancidity develonin: in the rrodact
thirdly the tin rlate can fire ha nrinted and t) n iransrorted
as sheets tn the ve.siaiis piue aC .0y or makin., up into tins
unon A simnle machine immetiately rrior to heing f11led,
Flestios such as hich density nolvthane, hich density
nelyprovylens and rolyvinyl ehlorid4o =ay rrove sufficiently
robust, to act as contajners devendins uron conditions of dis-
tribution. Tn difficult Alstribution conditions whare the
tearsrature may rise above “he melting point at times and where
a shelf 1ife up to a few months 1= neaded, a metal fnil {nsert
sealed over the surface of the nroduct in the container ig
moessary, “his keens air out and melted 1iquid in. Tt mast be
decided whether it is most aconomic to assemble tha nlastie
containers on site - injegtion monldine or therme forming - op
whetler to transnort them in bulk already fahricated,
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