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erucic wsids which are mono-unnt.ured, and finally .ino-
leic and linolenic acids which are respectively di- and
tri-unsaturated.

2, Due to the trivalency of the glycerol molecule ome and
the same triglyceride molecule may comtain three different
fatty acids. Whereas the chain length of the fatty aoid
has s relatively msinor influence on the physical propexties
of the fat the number of unsaturated fatty acids as well as
their degree o unsaturation give rise to wide variations of
the melting points and other physiocal propsrties of the fas,

3. Coconut, palm kernsl and palm oils have as indicated Wy their
, lu jodine values high contents of satureted fatty acide end

zelatively high melting points vhereas olive, peaut and comn
oils heving & high peroentage of oleic acid are fluid st rees

4. Cottonsesd, repesesd, mstardseed and sesaly oils contain met
enly ol~ic seid but also the di-msaturated lincleis eoid.
Sunflower seed and soyabean oils contein small amounts of U
Ari-unsaturated 1inoleic acid the percentage of whioh is even
higher in the typical drying oils such as linseed oil and twng
oil vhich are, hovever, hardly used for edible bt saialy fee
Sechnioal purposes. Many of those vegetsble fats do, howeves,
ocntals number of substances such as gums, pigeents and odori-
ferous matters vhioh meke the natural oils and fate umpalatable.
The purpose of tho refining of vegetable oils is therefome the
removal of the impurities contained in the oxude oll vhioh is-
pair the desired properties of the fat when used for edidle
purposes. Examples of such substances are free fatty aolds,
phosphatides, other gums, pigments, oxidation products as well
as other components which will impair the taste, the odour,
the keeping quality a.s.o0.
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The quantitively most important impurities in natural fats

are the fatty acids which have been formed by hydrolysis of

the triglycerides either already in the seeds or when storing
the crude oile. In order to avoid high acidity and excessive
refining losses great care should therefore be taken in hand-
ling and storing the seeds and the crudes. The secd should be
éried to low water content and stored in silos with ventilation
and proper temperatur¢ control. The crude oil should also be
kept at as low a temperature as possidle and contact with
water or moist should be prevented.

0f the M—cly«ridic components of the fats various phosphe~
tides as for mwm lecithin and cephalin are often present
in smounts of up to 2-3 %. These components are normally re-
soved Mstaly after the extraction of the seeds and the
distilling of the solvent by pmipitﬁtian vith water. After
upgreding the phosphatides can be used for a number of m.
for instance as emulsifiers in the margarine industry.

Many crude oils aleo contain small amounts of waxes, ttmh
and tooopherols, the lastmentioned substance being hportut
a8 an anti-oxidation agent. f

of the pi.uentl ouotanoida, untowns and chlaromlll m
the mt important. 'I'hg ere relatively stable against strong
alcali and are mainly removed during the bleaching cperetion.
Pinally, the crude oils contain ninor amounts of metals such

as oaloium, nagnesium, mgs.neu, copper and iron. The mlu
for the presence of copper and iron is norwally that equipsent
partly conriructed from these me als has beer used for the pro-
duction of the oils. Even very small amounts of copper and irom
are, hovever, extremely harmful to the oxidation stability of
fate and oils and great care should therefore be taken to avoid
their presence.
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In most cases the refining of the crude oil fe carried out

in threc successive operations, i.e. the alkali refining with
caustic soda, which removes the fatty acids completely as well
as the phosphatides and part of the pigments, the bleaching
with activated bleaching earth, which reduces the colour of the
oil to the desired level, and the deodorization, which is essen-
tially a steam distillation, where the odoriferous and non-
palatable substances are removed.

During the refining processes a number of by-products are
formed, mainly: the soapstock, which consists of the soap
formed by neutralization of the faity acids and by sowe sapo-
nification of the neutral oil together with the bulk of non=
glyceridic impuritiee; the spent bleaching earth containing

a certain amount of 7Tat, and the condensate from the deodoriser
consinting of fatty acids, neutral fat and some other volatile
components such as tocopherols and sterols.

The soapstock is normally split with sulphuric acid and even~
tually hydrolized in sutoclaves and distilled under vacuum in
order to recover the fatty acids. The condensate is treated
in a eimilar way oven if the literature indicates ways of re-
covering sterols and tocopherols. The bleaching earth finally
can be extracted with hexane to recover a second-grade nou=
tral oil,

The oontrol of the refining operations and of the quality of

‘the refined fat is made both by chemical, physical and organo-

leptic methods. Whereas the physical methods are of minor im-
portance for the cvaluation of the palability and the keeping
quality of the oil they are necessary criteria for the prac-
tical field of application of the fat in question. Thus
cooking and salad oils should be liquid at *he ambient tem-
perature, fats used for margarine production should, in order
to obtain the characteristic plasticity and spreedibility, be
composed of a mixture of oils and fats with different melting
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points, whereas such jhyeical charscteristics as "the

solid fat index" arc of aecisive importance for the usge of
F

fats in shorteniige :=nd pastry margarire,

By various methods and cherica! analyaes 1% is ensured that
the impuriti:s coutained in the crudle oil have been more or
less completely ~emcved by the refining processes, Detere
mination of Lhe free fitily acid content, the phosphorus
content (from which th» amwunb of phosphatides in the oil can
be roughly celculaied), the roap content a.s.o. give the re=-
finer the necessary information. The absence of foreign
matter in the refined oil i:s & necesaary but not a sufficient
criterium for th. suitability of the fat for edidble purposes,
Ti » organoleptic properties such as odour and taste migt,
howerrer, always be evalunted. Thia evaluation should de
carried nut by a panel ongisting of several persons care=-
fully se ected according ¢ their ability to distinguish the
various flavours of the cilu. Urually the sanples to be tes-
ted are comparcd tu a blank of well-kmown properties, but not
more than two or three sample: should be compared to the same
blank. Bach wember o “he panel mives his evaluation of the
difference between the camp:e to be judged and the blank using
a scale normally running trom % tn 6, The ‘ype of flavour of
the sample is traditionally expressed oy worde like neutral,
nutty, gummy, rancid ctc. The average cotimate of the members
of the panel indicutecs the organoleptic propertiens of the fat.

Ae there is normally a1 time lag of soveral weeks and even momths
between the manufacture and the consumption of the various fat pro-
ducts, the keeping qualitiee of the oils and the fats is of utmost
importance. Pats, and capecially the unsaturated ones, are sub-
Ject tc atmosplieric ~«idution, which after a certain time gives
rige to wapleacant fwvaoor and leter on o a pronounced rancid
taste, The ilnirial pinse of the oxddotion can be followed by
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deterv. ning the increaze in ti : peroxide value but later
the peroxides are broken down to other substances, mainly
aldehydes and ketonen some of which are undoubtedly res-

ponsible for the rancid taste and flavour of the oxydized fat.

The rate of oxidation of a given fat depends on many other fac-
ters than the chemical composition of the triglycerides, espe-
cially the presence nf antioxidants, natural or added, and of
oxidation catalysts such as metal and ions. The keeping quali-
ties of the particular fat can therefore only be judged by

aging tests where fat samples are kept in contact with air or
oxygen at varous temperatures and where the progress of oxi~
dation is followed by deternining such analytical characteristics
a8 peroxide, aldehyde, ketone and benzidine values as well as
the changes in organcleptic properties.

The removal of substances harrful to the use of fats and oils
for edible purposes iz most oftenly carried out by three diffe-
rent treatments - alkali refining, bleaching and deodorizing -
all of which have traditionally been carried out batch-wise
but which are nowadays effected by continuous methods.

ALLA - THE ALKALY BEFINING

The free fatty acid content of crude oils and fats do normally
represent the biggest amount of impurities to be removed, The
oldest method to obtain the removal of the fatty acids is the
neutralization with caustic soda. This process does, however,
involve undesired losses partly through the emulsification of
neutral oil in the soapstock and other waste producte and partly
through saponification of the neutral ¢il., In order to reduce
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these losses several other mothiyds such ag neubralization
with soda ash or ammonia and the so called physical or

steam refining where the fatty acids are removed by steam
dietillation are or have been used. Of all known methods

the alkali refining is, however, still the one most gene-
really used, the reascn being tiat not oniy the fatty acids
but also most of the ~ther non-glyceridic ccmponente which
must be removed to produce an oil of adequate quality are
attacked by the caustic soda. In the traditional batch
neutralization process the oil is pumped to a vessel (fig. 1)
provided with a steam coil, a stirrer and a spraying device
for adding caustic and water. The oil is heated to & tempe-
reture of about 60 - 90°C and caustic moda added. The prace
titioner distinguishes bhetween the wet and the dxry neutralie
sation methods. In the first case a relatively weak caustic
solution (4 - 16° B¢ ) in sprayed on the top of the oil and
allowed to sink through the o0il to the bottom of the vessel.
In the second case & stronger caustic solution (16 - 20° Bé)
is added when the stirrer is in slow rotation (30 r.p.z.).

The soapstock sirks to the botiom when the agitator is stopped.
In both cases the soapsiock Is then tapped from the bottom

of the vessel and the oil waehed several times with about 10 %
of hot water to remove the last truces of anap., The firet
washing is, in order to avoia the formation of emulsions, usu-
ally carried out withour agitation. In the following washings

sgitation or direct ateam blowing is used to secure the complete
removal of the scap.

The wet method of neutralization js mainly ueed for oils which
are easy to neuiralize and which do not contain large amounts
of gume and pigments cuch as coconui and palm kerrel olla as
well as other oile with low acidity. OQils having 4 high cone
tent of i{mpurities muct ke “reated with strouger caustic in or-
der to remove the pisments and the guns, Qils with high aci=

dities (cther than cororut and palm kerncl vile) must also be
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treated with strong alkali %o a 7id the formation ~f
emilsions.

The stochiometric amow t of ecaustic solution necessary is
ocaloulated from the amount and the acidity of the oil to be
asutrelized., In practice an excesmr of 5 - 5C %€ of caustic is
used depending on the kind and amount of impurities., As the
fatty acide usually constitute the major part of impurities to
be removed from the triglycerides it has been customary to
Jjudge the efficiency of the neutralization process by means of
s soapstock factor which is the quotient between the total
saount of fatty matter in the scapstock and the amount o/ fatty
acids in the amount of 0il neutralized. When calculating the
amount of fatty acids in the oil an average molecular weight ob-
tained from the saponification value of the fat in question

is used. This wvay of expressing the losses accounts for both
the saponification and the emlsification losses but not for
the loss of other impurities., The true refining factor can
therefore only be determined by weighing both the crude and the
neutralised oil but few refineries are equipped to do this.

The inherent limitation of the batch refining process is that
the seme ocomdition which reduces the emulsification and contri-
butes to the removal of foreign matters, i.e. the use of strong
osistic, inoresses the saponification losses ac any excess of
osustic present is consumed for saponification due to the long
omtact time between oil and caustic prevailing in the batch
process,

The change from batch to continuous processing in the neutrali-
gation of fats and oils has been made possidle by the use of
the centrifugsl separator. In these contimuous processes for
the refining of fatty oils which have been developed during
the last 45 years it has beon found possidle to reduce the
losses in alcali refining substantially.




he £ivet continvous process, the siraight caus*ir process,
was developed in the United Siates where two cils alone,
soyabean oil and c-toonsecd o0il, dominate the nroduction

of vegetable fai for human consumption. 7The eoncentration
of the pruvduction to only two kinds of crude oil,taken in
conjunction with the relatively large oversll capacities

of the American refineries and the high level of wages there,
did wmeh to pave the way froum batch to continuocus operation.
The continucus processes were in view of these conditions of

production found to offer considerable economics in rumning
conta,

in the straight caustic process the caustic and the oil are
mixed at moom temperature and then heated to break the eml-
slon formed at the reaction temperature., 0il and soapstock
are then separated ir centrifugal separators and the neutra-
lized oil is washed with water for the removal of soap. The

vaghing water is aleo separated from the oil by centrifugal
geparation,

As & T™le the quantity of caustic used in thia process groate
1y exceels the quan*ity aciually demanded Yy stochiometric cale
culation. This is because a considerable excess of caustic is
necessary to ensure complete removel «f phosphnatidec and pig-
umts. Since the zontact time between oil and caustic iz re-
latively long ( spproximately 5 ~ 10 minutes) considerable sa~
ponification lorses arise. It hae also been found diffioult
to break completely by heating and centrifugal separation the
ezulaion formed during the mixing at room temperature so that
the emulsiiication loss ir alsc relatively high. According to
American data the locsen in the etraight caustic process are
25 - 30 % less than those obtained by batch refining. Mt in
furope the devolopment of ‘he batch process has progressed so
far that the losses when refining many kinds of oil were only
negligibly gueater than the iosses obtained in the continuous
straight caustic prusess.
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A further progress was the su called Short Mix procees
iatroduced in Burope at the end of the 1940°s. Like the
straight caustic process 1% uses scdium hydroxide for the
neutralization of the fatty acids but working conditions

have been arranged to give the maximum yield. In the Short
Mix process the oil is heated o a temperature of 70 - 90°¢
before the caustic is added. At this temperature no real
formation of emulsion takes place. Instead the soapstock
formed agglomerates immediately to relatively large par-
tioles of low oil content. Another characteristic of the
process is that the caustic is added to the oil in a mixer
placed immedistely before the centrifuge used for separe~

ting the soapstock from the oil. The contact time betweemn

oil and caustic is limited to less than 30 seconds thus great-
1y reducing the saponification. Another characteristic fea~
ture of the Short Mix process is the use of a hersetiocally
olosed centrifuge for separating the soapstock and the oil.
This machine has several advantages over the conventional
"open bovl" separators. In the last mentioned type of nachine
(fig. 2) the components are heavily beaten and vhipped and
aixed with air as they fall by gravity into the bovl. In the
hermetio machine (fig. 3) the mixture of oil and soapstock is
introduced into the bowl under pressure through the hollow »v=
tating separator spindle. This constitutes a much milder tzeat-
st of the reacting materials and reduces the risk of particle
break up and emulsification., Both the inlet and the outlet of
the hermetic separator are fitted with axial seals so that the

aschine forms a completely closed syatem together with all
anparatuses connected to it,

In all types of continuously opexating saparator bowls it is
necessary to adapt the boundary zone between the two phases
vith reference to the difference in their specific gravities.
In the open separator this is effected by means of interchange-
able regulating diecs with varying diameters past which the
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which urpacsces the wrmilzific toan losren without caucing
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concentrati-n of “nc causiic asvd and tre saponification
velocity of the ¢il in question. Normaily, the losses in
re-refining are about 0.4-0.5 % of the cil.

Tt has for a long time been known thati certain oils, es-
pecially soyabean and rapeseed oils, do contain phosphatides
which carmo® be remcved compiontely 2ven by repeated treatment
with caustisc.  Complbte slimination of these phoephatides can,
however, be obtained by itreating the o0ils with a small amount
of concentrated pnosphoric anid prior to neutraligation. The
mineral acid is neutralized *ogother with the fatty acids and
the amount of caustic calculated correspondingly. The phos-
phoric acid treatment and the subsequent neutralization also
greatly reduce the amount of metal ioms in the oil.

The neutralized or re-refined oii is washed with about 10 %

of water to remove the weap which may otherwise give rise to
an increase in the fattiy acid content when the oil iz bdleached
with acld-activated earth, Alkali-soaps are removad without
difficulties by water washing, while calciua and ymesius
ooaps are soluble ir the oil. I* iz advisable to use softened
water both fox the washing of the refined oila and for preparing
the cavatic sslution used for neutralisaticn, When using sepa~
rators with a diac stack and taking ihe above mentioned precau-
tione to avoid the preaance of calclium and magnesium the soap
oontent after a singlc water wash is approximately 50-60 p.p.m.
and car. by doubie water wash be brought down to 10-30 p.p.am.
The vashed oil is finally dried in & vacuum dryor to a water
content of less than 0.05 %.

The sequencen of upparatuges and the pocitions where the various
refining ugents are added in *he continucus neutralization pro-
cemss ave clearly seen in fig. 4. Due to the use of the herme-

tic separators ikhe whole plani formz a completely closed system
where the oil has no ccntact whatscever with air from the moment
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the crude o1l iv purved into the plant until the refined
and dried oii lewves She Goying aeclion ihum avoiding any
oxidation during the procese. When using batch retining
Or open peparslor an insrease in neroxide values,and some-

times a corsiderable one, ism alwarn observed.

When continucua nentralization wss introduced to the ine
dustzy it was the only fully continuous refining procees.
Irtermediary ta ke b.tween the different process were there-
fore common standard, and ghort stops in the neutralization
plante, which are at intervale necessary to clean the sepa-
rator bowls when clogged by solid impuritien, were of minor
importance. As both the bleaching and the dendorizing are
nowadays also carried out coniimuonsly, the stops for clea-
ning of the bowls ere becoming mere and more undesirable.

It must be taken into consideration that even the biggeat
separator bowls have sludge cpaces of only 15 litres, whern-
as the amount of il passed through the bowl is between

50 and 200 toms per 24 hours. Bven very small amounts of
£0lid materials with a nigher speciiie gravity than that of
the soapstock will therefore clof “he bowl after a certain
time. Such solida may be fine parts of the shells of the
nuts or the seedu, which have not been completely removed by
the filtering of the expeller-nressed or solvent-extracted
oil. By the phuspnoric acid treaiment of the ol) prior to
the reutralization ths natural calcium and magnesium contents
of many oils, eupecially soy:bean ard rapeseed oila, are pre-
cipitated as unsclutle phosphates with high specific gravity.
Calcium and magmesium carbonate may a’so be present especially
if hard weter iy used,

The latest development is ' iereferc a separator which is both

hermeiic and solf-cleaning (sec fig, &),
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This machine combines in one unit all “p. saluable pro-
porties of the hemetic sepurators and ihe constructional
featuren of the wolid-eiecting contrifugal Reparator. The
bowl of the solid-ejec ving scparater is divided into twe
parts, the upyer one and the lower onc. When the bowl ie
in operation the lower puri ic pressec arainst the upper
part by a separste sliding bowl bettum to which a water
preesure created by the centrifugal force is aprlied,
Thus the bowl is kept tight until thie water pressure ig
removed when the lower pari of ire bowl is falling down

a few millimetres opening a ring-formed sl11it around the
bowl. The sludge is then thrown oul of “ne bowl together
with some of the scapstock. The opening of the bewl can
be arranged in such a way that unly sludge and soapstock
are loat but absolutely nc neutral oil, and it is not even
necessary to stop the foad to the soparnior when the emptying
is done., As thc amount of sludge is relatively small, the
opening of the bowl needs only to be done every second or
third hour which can be automatically regulated through a
timing device.

The continuous neutralizatiom plant with self-cleaning
geparators is shown in fig. 6.

The eoapstock coming from he neutralization plant can be
fed into the continuou: goapstock splittine rrocees chowm
in fig. 7.

The soapstock is mixed with diluted sulphuric acid and fed

%o a settling tank from which the main part of the acid water
is let to drain. "he acid cil from ‘he top of the tank is
fed to the separator and washing water alded g0 that the mine-
ral acid and sludygec cre completely removed from the acid oil.
The geparator is alse of *he solid-ejecting tvpe.
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For oile centoining iasee anounts of FUmMS 1OT ing.ance soyn-
bean and sunflowerseed nila, *he addition ¢f socme emulgion-
breaking agent sucn an coveir way bte necesgary, The pH can
ba measuvred and regulatnd Ly 2utomatic devices and does not
need to be lowar than 7 1o obuain a complele splitting of the
Boaprtock. The high pH which can be used in such a plant
means big reductinn in the confumptior. of sulhpuric acid and
less cost for the nevtralization of the acid water.

L1l B, JHR BLEACHING PROCESS

Ae already fnenticned many crude oile contain a number of un-
desirable pigments or coloured matters. They are often oil-
soluble and pretiy resistant 4o the effect of caustic so that
they must be removed by other methods. The method most comnone
ly uced is the adsorption bleaching by means of acideactivated
clays and/or activated carbon. These adsorbants are not very
selective and will nermally adsorb all pigments precent in the
neutral oil even if diiferent adsorbanisg show comewhat diffe-
rent affinitiea to the vavinw kird; of pigmenis, fur instance
the green colour cauced by chiocrophyllic substances is more
effectively removed hy activ: Sarbon whereao the activated

clays ghew 2 good bieaching effact against the reddish or brown-
-sh colours caused by Garotenoids, vantophylls and gosgypol

and its degradation producis. The activated carbons are capable
to a much higher degre: than the bleaching earih of absorbing
flavours and odours and may iherefore contribute cubstantially
to quality improvement of the fat,

The 0il retention of active sarbon i v nighe» than that of bleach-
ing varth and the fil*ration rate considerably lower for which
reason carbon ie normelly vsed in mixture with bleachirg earth,
A procedure which is also of economic advantage as the price

uf the carbon 's muchk hisher than that of the bleaching earth.
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At the contact surface between the activated earth and the

oil hydrolysie of the triglycerides in ihe presence of water
and oxidation of the fat casily take place. 'he bleaching is
therefore carried out in vacuum. Fig. £ shows a vacuum vessel
for batch bdbleaching with mechanical agitation and steam heating
coils. The bleaching earth is added to the oil when the tem-
perature has reached approximately 70-75°C, either directly or
in the form of a thick slurry of oil and earth previoualy pre-
pared in a separate mixing tank. The heating is continuasd under
agitation, the vessel being kept under vacuum until the tempe-
rature has reached about 100°C at which point it is kept for
adout 15-20 minutes after which period the heating is discon-
tinued. The oil ic then pumped to the filter presses, the first
oil being returned to the bleaching vessel until a press cake
has been formed and a clean oil obtained.

The firet filter presses used were simple plate and frame filters.
The plates contained channels through which the oil passed to a
drainage channel common to all the plates. lach plate was covered
vith a filter cloth of cotton, sometimes also with filter paper.
In order to reduce the awount of oil lef* in the fiiter cakes,

the filter wvas usually blown with air and/or steam before being
emptied. The vertical pociticon of the plates ofien gave rise to
fissures in the filter cakes causing a bad filtration and the
cleaning of the filter wae a very tedious and tine~consuming
operation.

A more modern filter, the Niagara filter, has the same vertical
arrangesent of the plates but uses stainless steel cloth and
has thewhole fi.ter arrangement enclosed in a steel vessel.
When the filtration and the steam blowing are finished the
filter arrangement is removed from the vessel by an electro~
motor, and the filter plates are autcmatically drawn apart so

" that the filter cake falls down into the ccllecting vessel.

This arrangement greatly reduces the manual work involved
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in cleaning the fi:icrs.

The last tar years filter: having the plates arrangsed hori-
zontally on a common unafi us'o neea develcped, fig, 9.

The filter plates ar: covered with a liter clots in staine
less steel thorugh which 'he oil passes inte the Follow chaft,
Due to the herizontul arcangerent of the filter plates a very
homogeneou:; cake it formed and no fiesurcs i the £iltsy cakee
occur, a {a~t which Tacilitates both the Tiltration and ‘he
de-oiling of the cake. The filter can be ncarly completely
emptied by the so called "rest volume fillering method®,

vhere the oil is recirculated from the top to the botrom of
the filter while an inert gus -uch as niirogen is uged to
press the oil through the filter platiea,

The amount of oil left in the cakes is upproximately 25-35%
which 1is at least 1C % lower than what can be obtained in

the plate and frame filter. ™ mair part of the oil ree
maining in the nake car he displaced and ra-c:m;r.'red vy passing
kot water through the ilrer reelting ina fina' ail scontent
a4 low as about 15 % in the Jry .akes. When the [ilter opera-
tion 18 finished, the cake: are removed by rotabing the shaft
vith the plates so that the cake ie thrown off by centrifugal
force and forced down into thi wottom of the filver from

where it i= discharged through the bottum velves,

The filters are eminently suited for use in continueous bleaching
planta. In such planls the ¢il and the bleaching earth are
continucusly fed to the Lleaching reactor, fig. 9. The daytank
for the dleachinz earth is equipped with a "fludizing botton",
and compressed aiy is blown through the bleaching carth.

This system prevents the earth from aticking and gives an easi-
ly flowing powder which thrnugh 2 proportioning valve is trans-

ferred to a de-acrating chamber xept under vacuum to remove air

from the tleaching earth, Tpe surth ‘e dosed t:. the bleaching
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vessel by mean: of a sluice fecder which incorporates iwo
alternatively working valves with a £illing space in hotween,
Thus the filling frequency of the feeder decidec the amount
of bleaching earth added. The amount of earth and the flow
of oil are ratio-cortrolled which ensures a constant per~
centage of earth in the oil irrespective of variations in the
oil flow. The bleacher is a vesssi divided in four compart-
zente each corpartment communicating with the compartment be-
low. Via special low pressure drop butterfly valves enabling
a very quick paseage of the oil/earth mixture from one compart-
ment to another the o0il passes {rom the top to the bottom of
the colusn. To safeguard a proper mixture between earth and
oil each compartment is equipped with a stirring device moun-
ted on a common chaft. The bleacher is working under a
vacuum of 15 ~ 35 Torr.

9. The oil enters the bleacher through four spray-nozzles and
forms & film on the plate from which it flows down into
compartment No 1, forming an oil soreen which prevents the
bleaching earth from entering the vacuum system. In the same
compartoent the de-acrated bleaching earth is added and the
decolorization starto. After a holding time set in advance
the oil/earth mixture zoes to compartment No 2 and further to
compartment No 3. The system allows a fixed holding time in-
dependent of the capacity. The only change in the bleacher
at different throughputs 1s that the level in the compart-
ments vill vary. The total contact time between o0il and
bleaching earth can be altered between 10 to 30 minutes.

The arrangement of the bleaching reactor allows an exact ad-
Justment of the average holding time simultanecusly elimina-
ting the risk of short-cireuits.

10. The coamplete Auto-Bleach plant is shown in fig. 11. The twe
filters of the plant work alternately in the foilowing way:
When the {il‘er platea of one filter are covered with bleaching
earth the oil flow is automatically switched over to the other
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filter, and when tnc viates of “hLis filter are in tusir
turn covered wit:. cartn *he oil flow i autcmatically
switched back to tne lirst filter. Botwoern *he filtering
cycles the bleaching onrt! un the filter plates is de-
oiled as dee:ridbed above anl the filter <ake ihrown off.
The Auto-Bleach process is completely automatic,regula~
ting, indieaiing and/ct resrling such process data as
oil flow, to'al wwoun! anc percentage of bleaching earth,
oil leveln, temperacurnc ana filter pressures.

The advantage ol the dewcoribed continuous bleaching process

is that a reducticn of the arount of dbleaching carth of up

to 40 % as compared to the amourt necessary by batch bleaching
can be obtained dur to tne exactly comtrolled contact time.
The plant ir of hermel:: 2esign and ~perates under vacuum so
that oxidation of the ail ¢ completely avoided., Due %o the
high degree of wutomtization and as the filters are self-
cleaning the manuai work 1o co:aideradly reduced.

15 C. THE DRDOWIZTNC TROCESS

The rapis develspment of the mezgurine Ludusisy at the ond

of the 19th cenlury alic created s great demand for oils and
fate with an absolutely reutra’ flavour., Tt was found that
the rteam Adls'ilicticn of the neutralized and bleached oil
wnder high vacuus produced the deeired results. Fig. 12 shows
a batch deodorizer with a steam coil for heating, another
channel for cooiing water and at the bottom of the veseel a
system of perlorated piver and plates for the introduvction

of live cteamw. A1 the op the vessei is provided with a

baffle to prevent cii drops passing into the vacuum systiem,
and an axplv dimensioned vapour-off-take.
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The batch deodorizatiua i1s wsually carried out at 170 -
190°C and at pressures of about 10 - 20 Torr. The vace
cuum is produced by means of a *~gtage steam ejector. To
prevent condensation of the steam in the 0il, dry and super-
heated steam is used for thie steam blowing., This steam
ehould also be free of vxygen and organic matters. The
dureation of the deodorization at the temperature and vac-
wup here indicated is about 4 - 6 hours, somewhat shorter
for cile which are easy to deodorize but longer for diffi-
cult oils such as soyabean and rapesced oils. At the end
of the deodorization the oil is cooled down to below 100°C
before 1t is pumped out of the decdoriger.

Batch deodorizers are normally manufactured in mild steelj
oopper and brass should be avoided as construction materials.
In ordexr to avoid the harmful effects of small amounts of
msetal ions present in the oil a strong aqueous solution of
nitric acid (lactic or tartaric acid may also be used) is
added. A nitric acid concentration of 50 - 10C p.p.m. is
usually sufficient. The nitric acid forms complex salts
vith the metals present and acic as synergist together with
antioxidants which have passed through previous refining pro~-
censce, for ingtance tocophercls.

During the stean blowing volatile substances will be distilled
off from the oil. The most casily distilled substences in
fats and oils are the fatty acids and the acidity of a deo-
dorized oil is often of the order of magnitude of 0.02 depen~
ding on the vacuum used and the chain length of the fatty acid
present. Sterols, tocopherols and other volatile matters are
also found in the condensate. The loss of triglycerides is
very small under the conditions here mentioned but highest for
oils and fats having a low molecular weight guch as for ine
stance coconut oil. The condensed volatile matters often form
difficult emulsions with the cooling water for which reason
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they are often receverws in o Suiuabler Tilled with fatty

0oil. This prnoedurs ajan veducee * » amount of fatty ma~

terial in the condenscr water considerably.

A couple of chemical reactions are ‘aking place during
the deodorizaiion. Tmus the pernxides are completely de-
stroyed at thie temperature in quesi.on and the oxidation
stability of the fais i therefore improved by the deo-
dorization. Aldehydes and katones which have been present
in the bleached ¢ii or formed by the destruction of the
peroxides sre also distilled off provided the molecular
weight is low, Higher aldehydea and ketonee may remain
in the oil and are associated with the bad flavour and low
oxidation stability of deodorized oils., During the deo-
dorization a substantial colour reduction may also take
place especially if carotemoid pigments which are unstable
to heat are present.

The consumption of siripping steam in e batch deodoriser

is of the order of magnitude of 150 kg/h whereas the amount
of steam ne-essary for the steam’ej stors is often more
than three times ag much, depending r;n the desired vaouum.
Taking into consideration that the deocdorizer must be kept
under vacuus even when being filled and emptied and for
intervals bYetween these operstiunse, the total ateam ocom-
‘mption is often 300 - 500 kg per ton of deodorized oil.
The consumption of cocling water of 20°C is about 25 tons/h.

Already before the introduction of continuous deodorize~
tion the practice in the United States had been to in-
crease the deodorizing temperature in order to shorten

the time necessary and thua ithe steam consumption. Based
on the vapour pressures of fatty acide it can be estima-
ted that the rate at which volatile substances are removed
from the oil by atripping with steam is tripled for each
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temperature increase ot 25”0. Temperatures of 200 -
225°c were therefore used already for batch deodorie
gation, the equipment the: being manufactured in stain-
less steel in order to avoid contamination with iron.

As many vegetable oil refinerics do not possess steam
boilers with sufficiently high steam preasure to obtain
temperatures up to 2‘3000 it is now customary to heat the
oils partially by means of Dowterm, the trede name for
an eutetic mixture of diphenyl and diphenyl oxide having

& boiling point of 258°C at atmospheric pressure and 29300
at 2 atm.

The full advantage of these improvements is obtained in
the modern continuous deodorizers which ocan be divided in-
to two main groups. The first group is termed the semi-
continuous (Girdler) type and the other the fully comti-

naous type, of which the sc called "cross streaa" deodoriser
ie here taken as an example.

One of the drawbacks of the bat. h deodorizers is that the
pressure inoreases by 1 Torr for each 17 um oil layer.

Yor a batch deodorizer with an oil height of 2 - 3 m the
absolute pressure al Lhe bottom of the vessel will be
approximately 150 Torr higher than the pressure at the oil
surface, the volume of vapour necessary for the stripping
of the volatile components incressing correspondingly.

To avoid this the continuous deodorizers all have only a
thin layer of oil through which the stxripping steam is
passed. Another drawback inherent with the batch deodori-
zor is that any leakage in the vessel will introduce air
directly into the oil thus causing damaging oxidationm.

The continuous decdorizers all have some kind of "doubdble-
wall® construction so that air leaking through the outer

- shell will not come into contart with the oil but will be

evacuated by the steam ejector.




10.

1.

12,

13.

Pig. 1% shows the cemi -rontimuoug Cirdler deodorizer
having a se.ies of superimposed tve¢ s each containing
about 500 kg of oil. Tn the first tray the oil is de-
asrated and neated with indirect steam to about 1"!0o c.

In the second it is heated to operating temperature (nor-
mally about 230 - 250°C) with Dowterm wapour. In the third
and fourth trays it is subjected to stripping and in the
last tray it is cooled before being dumped into a drop
tank from where it ic pumped through a polishing filter to
storage,

The absolute pressure which is the same over all trays

is about 8 - 10 Torr. The height of the oil layer in each
tray is approximately 600 mm. The holding time in the deo-
dorixer ia 2 ~ 3 hours. The operation of the units is sade
fully sutomatic by use of timing devices which open and
close the various oil and steam valves,

T™is semi-continuous deodorizar requires a much shorter time
than & datch deodorizer .o be started up and shut down and
can be quickly switched over from one type of oil to another
simply by emjiylng the fi:o! iray bufore feeding a new type
of fat to the deodorizer. Thie {lexibiliiy in operation also
greaily reducea the steam consumption as the time the deodo-
rizer hae to be kept under vacyum is reduced to a minimum.

Another type of continuous deodorizer, the"oross stresm"deo-
dorizer, ie showm in fig. 14. The oil is pumped to a de-
aerater and then through an internal heat exchanger,where the
ingoing 011 is heated with the finished deodorized oil,

The heating to deodorizing temperature (230-2500C) is mede with
Dowtern before the oil enters the deodorizer. The interior

of the deodorizer contains i number of botioms where the oil
is flowing through mpirals from the periphery to the centre of
each bottom before i i3 discharged to the periphery of the
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the next bottom (see fig. 15). The thickness of the oil
layer i3 determined by an overflow dam and is only 300 sm.
The bottom plate is perforated and steam let through con-
tinuouely. The spiral arrengement for the oil flow &ives a
longh path for the oil to pass where it is all the time
stripped vith fresh stean. It has been found that with a
total holding time of 150 minutes 95 % of the oil has had
8 contact time of at least 120 mimutes. In the dottom of
the deodorizer the o1l is cooled with water and then pumped
through a polishing filter to storage. There are no oil
valves to be operated, only the rate of the oil fow and
the temperature have to be controlled. The deodoriser
operates at 5 - 10 Torr absolute pressure. The gteam con-
samption for stripping is about 40 kg pexr ton of oil and
260 xg per tun of o1l for heating vhen the temperature of
the cooling water 48 20°C. The amount of steas for heating
is reduced if Dowterm heating is used and s certain amount
of fuel oil is then necessacy.

T™he continuous all-hersetic neutralisation plant, the oone
tinuous Auto-Bleach plent and the continmuous ‘deodozizer can
be operated in series without the necessity of any inter-
»ediate tanks, tbowholonﬁninsmem%hiagm&d
out in a completely closed system partly under a high vacuum
8o that absolutely no cxidation takes Place, a fact that great-
1y isproves the quality and the stability of the refined oil.
Ahnutofuchaphntummnc. 16 from vhich the
extremely small space requirements for the continuous plants
are also seen. The operating persomnel for such camplete
refining plant with cepacities from 100 to 300 tons per 24
hours is only two men per shift.
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1V. THE CONTROL CF ME RRFINING EFFICIENCY, STORAGE
AND PACKING OF REFINED CILS

The losses of neutral oil occurring during the different re-
fining operations are of the utmost importance for the economy

of the refining process, and the losses ghould therefore be care-
fully controlled. It has for a long time been customary to weigh
all the oil coming into the factory as well as all the oil leaving
{1¢. Tis allowe the determination of the overall loms during a
certain poriod, for instance a month or a year, but it is not
possidle Lo determine the losses in each separate refining opera-
tion, nor ~an the refining conditionse be adjusted during running
so that minimur losses are cbtained, -

The determination of the overall loss is therefore combined with
other methods for measuring the louses in each refining stage.
Thus the fatty acid factor ic determined by measuring the amount
of acid oil obtained after the splitting of the scapstock.  The
bleaching losses are caleulated from the amount cf bleaching earth
used and the oil content of the spent earth and so on. These mea-
surements can, however, only be carried out when the refining ope-
ration in question is finished and an the analytical work involved
requires rome time it is still not poesible to adjust the working

conditions curing the refining operation in order to obtain the
optimum yield, ' ‘

It should aleo be remembered that the difficulties in obtaining
representative samples, the choice of analytical methode and so
forth may influence thc results to a considerable degree, Purther-
more, water and water-scluble substances present in the crude oil
or formed during tne refining operation are not accounted for by
thege methodn. The only correct way of determining the losaes is
therefore to weigh the oil hefore and after each refining opera-

tion, and it is nowadays, by rmeans of wutoma*ic computer-controlled
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scales, possible to measure ihe lornes Auring the refining
operations so that the refining conditions can be optimized
wuring operation.

Fig. 17 shows such an automatic weighing system, The oil going
to the refining plant is passing three small tanks,the first -f
which has an automatically regulated bottom valve, which is open
at the beginning of the weighing. When approximately 100 kg of
0il has been fed to the intermediate tank, the bottom valve of
vhich has been closed during the filling up, the upper valve is
sutomatically closed. The weighing is then carried out, after
which the lower valve is automatically opened and the oil is mme
ning to the lowest tank, from where it passes to the plant,

When the intermediate tank has been emptied, a new veighing is
carried out, the differeice between the twc weighing operations
€lving the exact amount of oil fed to the plant. The oil leaving
the plant is weighed in exactly the same way.

The computer integrates the amounts of in- and outgoing oil as
well as the difference between ther, all these valuee being at
any moment indicated by a counter. If desired these values

can at predetermined intervals be written down by a typevriter,
thus providing the plant supervisor with a complete production re-
port even during the night when the operators are alone. As the
total amount of oil contained in the weighing system is only about
200 kg the intervals between the loss determinations is only half
a minute to two minutes depending on the capacity of the installa~
tion. The actual loss ocourring is therefore indicated at very
short intervals and the operating conditions can be changed until
the optimum yield is obtained.

It may even be possible to let the computer change certain opere~
tional variables when the lose is abnormally high, but as the
optirum result ie depending on several variables this may be some-
what difficult.
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There are, of course, othLer sources of losses which cannot be

80 easiiy controlled evea if they can always be exactly deter-
mined by a proper weighing control. A big oil refinery,

where several different types of oil are refined, has

a pretty complicated pipeline system connecting the various tanks
for crude, intermediate and refined products with the different
refining plants and the sewage syster, A single valve left open

by auman mistake can give rise to a considerable oil loss, but

the sooner the mistake is discovered the smaller the loas will be.
The correct placing of scales and the number of weighings necessa~
ry to obtain a reasonable control without too high costs should
therefore be determined with due conuideration taken to the number
and type of oils refined and the outlay of the whole of the plant.
Tor oils with a high acidity the losses in the neutralization pro-
cess are of decisive importance for the overall loos, and weighing
directly before and after the refining operation should therefore
be oarried cat. For olls with a low acidity but of very dark colour
the losses in the bdleaching plant may be more important than those
in the neutralization stage for which reason the control of the
losses during the dleaching should not be omitted. The losses during
the deodorisation are normally so small that there is no need for
a separate loss determination for this operation.

Refined oils are normally oxydized more easily than crude ones, be-
cause natural antioxidants are partly remcved during the refining
operationa, BSpecial precautions should therefore be taken during
storage and as a rule the oils should as socn as possible be packed,
bottled or used for other purposes mich as the production of marge-
rine,

When the refined deodorized fat is to be used as salad or cooking
oil or as a shortening the best is to pack or bottle the fat imme-
diately after the refining operation. Tinned cans and glass or
plastic bottles are used for pac.ing., The containers should be
filled completely and thoroughly sealed so that no contact with air
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during storage and transport is pocsible. In some caczes the fat
is filled into the containers under the cover of nitrogen. Transe
parent containers are preferably made of dark material to pro-
tect the fat from the harmful effects of light and the packed

or bottled fat chould be kept as cool ae possible. 1In the case of
properly bottled fluid or solid fats without any water content
storage at roouw temperature is usually sufficient.

If the fat is to be submitted to further processing, such as the
production of margarine, it should be kept at a constant tempera-
ture slightly higher than the melting point thus avoiding “reathing
of the tank. A nitrogen blanket mey also be used to avoid contact
vith air. It is sound practice not to store refined oils and fats
for more than 24-46 hours before further treatnent,

Certain refined fats which have been rendered flavour- and odour-
less by deodorization may develop objectionable flavours through
oxidation long before rancidity or even any noticeable increase in
peroxide value haa occurred. Such changes in flavour and odour are
usually termed flavour reversion. The oils subject to flavour re-
version are those containing linoleic acid or other polyunsatureted
fatty acids such as marine oils, linseed oil es well as soya bean oil
and rupeseed oil. Especially 80ya bean oil has a tendency to develop
an unplessant flavour which in the early stage is characterised as
"beany"” and in more advanced stages as “"grassy”, "painty” or "fishy".
The unpleasant flavour and odour are acoentuated when the oil is
heated, for instance when used as s cooking or frying oil. Although
the exact chemical mechanism of flavour reversion is still not
completely cleared up,practical cxperience has shown that the temden~
cy towards flavour reversion oan be controlled te a large extent

by suitable refining treatment. Rspecially important is the complete
removal of phosphatides and metal ions and the application of the
appropriate time and temperature of the deodorization process.

If the fat has been properly refined the above menticned precautions
during storage and packing will be sufficient to prevent flavour
reversion of the fat.
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V. ECONOMIC ASPECTS

All types of piants for the extraction and refining of fatty

oils have a number of cost factors in common, the most important
of which are the transport and storages requiremeniz, Especlally
if imported seeds are used as a raw material for the oil production
the factory shouid be placed in the immediate neighbourhood of a
deep-water harbour in order to keep the transport costs of the
bulky raw material as low 23 possible. Good railway connections
will also facilltate the bulk transport of crude or refined oil

in tank waggons, ever if transportation, especially of the finished
products, is nowadaye often carried out by truck, as this permita
a door-to-door deiivery and thus limitatezs the transport time.

An appropriate aupply of water, eapecially of cooling water and
feeding water for the boiler, for which the requirements of an
oil factory are large, is also of decisive importance. Mirther-
more, a suitable source of electrical energy should be at hand,

As for the steam requirements which are also high, an oil refinery
is normally equipped with its own boiler.

The storege requirements vary widely depending on the type of raw
materials used, the intervals of delivery, the number of oils to be
treated as well as on the way of distribution and the intervals of
delivery to the customers, Here the variatione depending on local
and o‘her special conditions are so great that no general recowuen~
dation can be given even if proper storage facilities are of tie
utaost importance dboth for the effective function of the factory and
for the production costs.

A comparison between production costs for batch and contimuous r:-
fining plante is, of course, no easy matter. As a thumbs rule it

can be said that the investment costs are higher for a rontinuous
plant than for a batch plant, but that the latter doer have higher
runmning coats due tc the higher consumption ¢” utilities such as steam

and water ag well as higher labour costs. Por very small plants
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treating up to 30 -~ 40 tons of cii a day batch-wise operation may
be the economically more advantegeous one bul the number of such
refineries is rapidly decreasins, today, as they are normally too
emall to carry the necessary {nvestment costs.

When a new oil factory is built the planner naturally always has
a choice not only between batch or continuous operation but he could
and should also consider a combination of the two main production
methode. In making such a choice many factors must be taken into
acoount such as inveatment cost (local customs duties or import re-
gulations may disrupt any normal calculations), type and average
aojdity of the fat to be refined, local price of utilities such as
stean, water and electric energy and finally labour costs.

.
By continuous operation a considerable reduction in the nuaber of
operators is obtained, especially for plants with high capacities,
but maintenance personnel with high vocational skill is necessary
to avoid costly broakdown periods of the plant.

As this peper has been dealing exclusively with the refining ope-
rations proper but not with the eatiaction of the oils, nor with
suriliary equipment such as steam boilers,’cooling towers and demine-
ralising plants for water, nor with other facilities for the whole
factory such as workehop, laboratory or offices, only the refining
equipment proper i taken into consideration in the following eco-
noaical comparison detween batch-wise and contimuous operstion. The
compariecn is alsc made between the two extremes, i.e, fully cone
tinuous operatiocn or batch operation of all the four refining processes,

vithout considering the possidilities of carrying out some process come
timously and others batch-wige.

Table I summarizes the inveetment costs including machinery, erectiom
and builling costs for batch and continuous plants with yearly capa-

cities of 12,500, 37,500 and 75,000 tons of oil. It should, however,
be resembered that the continuous plants have a further advantage as

the conmmption of steam is considerably reduced and the investaent
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anctg foer the bosler Lrotaliation wre correspondingely smaller,

Tak%le TI gives tha sverarse cofining coals pex tun of oil. Ko
consideration ir teken .o ithe relavively small variations in
yanning costs, ducs o the s.ie of tue plant. The costs are cal-
culated for a crude .l with an acidity of 3 % and for an oil
with a relativel s 11ahl colous which can be bleached with 1.5 f
of astivated Wleaciint carth. For oils witn higher acidities
or for ovis of 4 very cack colour the economicel advantages of
continuous cperation are ccnsidermbly greater than *those cal=-
culatued.

The price levels of «il coutr glven are spproximately those pre-
vailing in Western Burop?. For other countries the costs stated by
ue will have Lo be suhstiiu.ed for the local coats for building,
labour wnd uwiilitice. The consumpiion of chemicale is roughly

ihe seme at hatch-wise and continuous operation.

t ghould finclly be noted %1.al the cosl of the raw material is
of exireme importance for the cash fiow of an o1l refining plant.
Ag the c—ude o1l price is roughly %00 73 ¢ per ton, the cost of the
raw material for the three gsizes of plant here dimcussed ie approxi-
mately 4, 1/ and ’4 nillion US 8 o year, or 10 to 30 timea the total
trnvestment cout of the refining plant itself.

Ac different fats and oils cen to & nertain extent be substituted one
for another (depending, of course, on the use intended of the finished
product and the quality demand made upon it)it is of the utmost im-
portance that such raw material is bought which is at any moment the
cheape~*. UnToriunaiely, the Irequent price fluctuations of fats and
oil. as vell ag the frrquent changes in other trade conditions make
the purchase of rew miierial for an oil refinery a very difficult and
risky watiar.

In spite -7 al: the limita’ion acherent +3 the geperalized and summery
wethod of calcula’ion it is clear!v seem Irem the tables that the ine
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I.  DEIRODUCTION

The importance of fats in the human diet and the sources of
ravw saterial for edible fats and oils,

II.

The purpuse of the refining of vegetable oils is the removal
of certain impurities contained in the crude oil whioch impair
the desired properties of the oils when used for edible pur-
poses. Examples of such impurities are free fatty acids, phos-
phatides, other gums, pigments, oxidation products as well as
other substances which will impair the taste, the odour, the

keeping quality and/or other desired properties of the refined
oil,

The quality control of the finished oil is made partly by de-
termining a couple of analytical data such as the amount of wmter,
free fatty acids, soap and phospha’ldes left in the oil as well
as the peroxide, the aldehyde and the benzidine values. The
taste and flavour of the deodorized o0il is also Judged normally
by & panel of several persons and by comparing the different
samples to a standard sample. Finally the keeping quality of
the oil is determined by repeating the analytical and the fla-
vour tests after the oil has been stored under well-defined con-
ditions for a ocertain period of time, either at the ambient tem-
peTeture or at a zomewhat increased temperature. The finished
oil should be stored and bottled at & temperature as lov a8 pos-
81dle, protected from direct sunlight and avoiding oontact with
air (oxygem).

The influence of the removal of the above-mentioned substances
on the desired properties of the oil is desoribed.




vestment cost per ton of oil is coneiderably decreased with the
increasing gsize of the refining plant. This is especially true
for the continuous plants. As for the running costs the ocontinuous
plants have lower steam consumption, lower oil loss and lower
labour requirements. The higher investment costs for continuous
plants are therefore outweighed by the lower ruming costs, and

the total production costs are lower for the continuous plants
than. for the batch plants,

It iw also seen that a plant with a capacity of approximately
50 tons a day is the smallest for which comtinuous operation

is economically motivated even if the installation of continuous
plants for one or more of the four refining processes here dis-
cussed may well be considered even for smaller capacities.
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Voten o Tacle

ROotonr ger L0 aee, Ut dore ot dey s peg s

15C tone ver Y4 hours, 250 worang ayn per year

500 ton: pev o4 hourn, O werking daye ver year
; ; b] .
neutralization vessolys, 10 6 gach

A
nentralizaticn veacels, 1% =7 cacs

’

nevtraiication vesseln, 20 n’
4
hleachiing veseels, 10 m” each

tleaching vegacle, i each

bleaching vaegsels, each
2 deodorivers, each

4 deodorizevs, . " each

Z,
5 decdorizers, 20 17 each

25 % of wachinery cost for all batch installations and for
smallest sizé of continucus plant, 20 % and 15 % respectively
of machinery cout for bigger centinuomg plants.

For &1l haten plants, “he soapstock splitting plant is
piaced outside the building, thus caucing certain extra
foundation cogts, For the cortinuoue planis, the soap~
stock spiitting plant is lecated iraide the building,
and all buitding coats are included,

Building coste are calculated for a two-storey building of
about 10 m height. Por continuous plants, the building
coste are ertimated a* 160 U § per m”, For batch plants,
where the tuilding has o support the higher weight of the
vesggels including the oil cgmenﬁ, the bullding coats are
estimated at 200 U3 ¢ per m°.
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Table 11 Averzge refining =osin per tor of oil refined,
calculated for bateh and for contimusus refining.
Calculated for a capacity of 150 tona ol o0il a day.

Uniteo Batch Contimuous :
zefining xefining_________}

Stean consumption Kg per ton oil

Neutralization 200 100

Soapstock splitting 2C0 50

Bleaching 70 50

Deodorizing 600 g

1070

Pricc ATS 3 per ton 4.5 2.40
Electricity Kwh per ton oil

Neutraligation 5 10

Soapstock splitiing 2 5

Bleaching 10 10

Deodorising 31 é
‘ 4
Price 0.03 US § per Kvh 0.72 0.96
Vater Kg per ton oil

Dehardened water |Kg per ton of oil 400 * 200
Price 0.05 US § per ton 0.02 0.0

Coolipe water Ton per ton of oil 50 35

of 20°C
Price 0.02 US § per ton 1,00 ©0.70
lh.tntmeo.; US § per year 30,000 60,000
spare parts US § per ton oil 0.80 1.60
ladour Man per shift 5 3

Man per day 1% 9

Cost & year 10,000 US § per m/yn# 150,000 90,000
Cost per ton of oil |US § per ton of oil 4.00 2.0
0il loes Kg per ton oil

Neutralization ‘nw 50”

Bleaching 3.7 2.25

Deodorising %% %.B

[ [ ]

Price 0.20 US § per ton oil 1,74 1.26

Conmumption of che-
micals, sodium hy-

droxide, phosphoric ){US $ per ton of oil 1.00 1.00
and citric acids and

bleaching earth

Total refining cost |US § per ton of oil 13.58 10.33
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Open bewl separator (Sherples)

Hermetical wzeparators with intermediate discs,
Alfa~ilaval lype

All=hermetic ShortaMix continuous alkali
neutralization piant

Hemet‘c and celf-cleaning sepavator

Continuouc all-nermeilic neutralization plant,
using peli-cleaning aseperator

Continuous soapeioek splitiing plant

Vacoum batch bleacher

Funda filter

Continuone bleaching vessel

Auto-Bleach procoss

Batch deodorizer

Semicontinuous Guirdler Deodorizer

Continuous cross-stream deodorlzer

Principle of crosa-:tream deodorizer

Layout cf a completely contimuous vegetable
oil refining plant comprising neutralization,
soapatock splitting, bleaching and deodorizing,
150 t/capacity

Automatic weighing syatem
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Fig 1 Open top neutralizer




Fig 2 Open bowl separator {sharplev )




Alfa~lavel type

Pig 5 Bexastiocal separetor with intermediate discs,
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I1. THE RSFINING PROCUSS

The removal o sub:iances haiuful to the use of the oils for
edible purposes is most oflen carried oub by three different
treatments -~ alkali refining - bleaching and deodorization -
all of which have traditicnally been carried out batch-wise.

IIT A, THE ALCAL! REFINING

1. In the firet process the free falty uwcids are neutralized with
sodium hydroxide forming the sc calicd soapstock which has a
higher specific gravity than the 0il so that the two phases can
be separated by gravity settling or by centrifugal force, Nor-
mally a certain excess of caustic is umed in order to remove
some of the other impurities contained in the oil. Other che-
micals lika phosphoric acid may be added to the oil prior to
“he neutralization in order to remove certain components, espe~
cially non-hydratable phosphatides, which are not completely re-
moved by caustic treatment alone.

2. A short description of the equipment used for batch refining
is given and the technique of tatech r. {ining and ite limitation
are described,

3. Continuous neutralizalion plante using centrifugal separators
€lving the advantage oi lower neutralization losses, lower cone

sumption of utilities, smaller space and labour roquirmtl
are described.

IIT B. SLEA FR

In the bleaching process the 0il is treated with activated clw,
which adsorbs the piwgments in the oil, the bleaching earth thaa
baing removed by filtration. In order to veduce the oil losses
the bleaching earth may be percolated with water, blown with steax
or exiracted with a sclvent. Both batch-wige bleaching and con-
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7ig 5 Bexwmetic and self-cleaning
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Fig 6 Vacuum datch bleacher
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Fig 9 Punda filter
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Pig 10 Contimwous bleaching visgel
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2

tinuous tleaching and the equipment used are described., The
continuoun methnd rednees the amount of bleaching earth ne-
cessary and therefore also reduces the nil losses., When gelf=
cleaning automatival filters are used the tedious and labour-
consuming cleaning of th2 ilters can be avoided.

III C. IHE DEOPORTZING PROCESS

The deodorizing procest is essentially a steam distillation pro~
cess carried out under vacuum, where the steam pagsed through
the 011 carriee away odoriferous material thus improving the
flavour and ihe odcur of the oil, ‘

Batoh and r mtinuoue equipments for carrying out the deodorise~
tion process are described. Modern continuous deodorisers made
in etainless steel allow a conaiderably higher dcodoriiation ten-
perature and the gteam ig pasaing only a thin layer of oil for
which reason the steam coneumption is considerably reduced.

Traditional.iy, the refinin - efficiency, especially in the al-
kali refining, Las been expressed as refining factor, i.e.

the quotient between the total loar and the amount of free fatty
acids acontained in the oil. As many oils contain other ime
puritiea vuch ag sludge, water, phesphatides, pigments and so
on it 18 more enrrect 0 compare the actual refining loss with
the theoretical nminimum losa whick can be analytically deter-
ained by the Wasson loss method or the chromatographic loss method.
Even though the actual refining loss may be estimated by deter-
aation of the amuunt of soapstook or bleaching sarth snd by ane~
lysing its fat content, such methods are tedious end time-con~-
suming. The volumes of erude and refined oil may also be mes-
sured during the refining but the change in specific gravity of
the oil with the temperature may introduce errors.
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2,

The safest and wost exact way of determining the logses is by
weighing tha 211 hefore and after the refining treatmen! in
question. laving fwce scales it io possible by means of a
coall computer to read the actual refining loss at any mo-
ment during the operation,

V. FCONOMIC ASPECTS

The investment costs including btuilding, machinery and erection
costs as well as the ruming cost for batch plants and con-
timaous plants with yearly capacities of 12,500, 37,500 and
75,000 tone of oil are given. Only the refining plant proper
is taken into consideration.

The caloulation shown that the investment cost ner ton of oil
ie considerably decreased with the increasing capacity of the
vefining plant, This is especially true for the continuous
plants. As for the running costs the contimuous rlants have
lower steam consumption, Lower oil loss and lower labour Te-
quirements. The higher investment costs for continuous plants
are therefore outweighed by the lower running costs and the
total production costs ace lowes for the continuous plants than
for the batch plants. :

b
b
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THE VEGETABLE 01. REFINING PROCESS AND ITS INDUSTRIAL ECONOMY

1, INTRODUCTION

Fats are an important part of the human diet and are contained
in larger or smaller amount:s in most types of food stuffs
uged for human consumpiion. Since ancient times three types
of nearly pure fats, for instance olive oil, butter and
animal fat such as lard and grease have played a traditionally
important role in human diet.

Vhnen newly produced all these fats have a nitural pleasant
odour and taste and are therefore palatable without any che~
mical treatment. Only purely mechanical operations such as

pressing, clarifying, churning and melting are necessary to
obtain the desired product.

The increasing demand for fats, especially since the introduc-
tion of the margarine industry, has mads 1t uecessary to look
for substitutes for the traditional fate ana fortunately enough

the fruits of meny plants do contain large amounts of fats., At

the same time the natural growth cycles of many of these plants
allow a much more rapid reproduction of the fats than what is
possible in the case of animl fate or for that matter of olive
oil.

JCAL ASTECTS AND QUALI

The main constitueris of natural fats and oils are, of course,
the triglycerides wh.ch are esters of various fatty acids

with the trivalent alconc! glycercl. Tne most important fatty
acids contained in the fat are lauric, syristic, palmitic und
stearic acids, all of which are completely saturated; oleic and
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