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FULL FAT SOYFLOUR. 

Cooked unextraoted soybeans have been tried in poultry 

':feedng tei'ts by ill & Stephenson. They found subs

tantlal beneficial results. Experiments conducted at. 

fat flourPaxodue University' on .fed~ing 'avine with full 

ndicoated' obmparable weight gains and food converhave 

sion efficiencies. lurther work ias also done by 

Mustakas 6t al at the Northbrn Regional Research 

Laboratory, Peoria. 

goyflour -involves the 
9see PTh* manufacture of full ifLt 

folwing ete.qt 

8bybeans are oleaed with extra care in the four stage
 

cleaning equipment detailed elsewhere in this Report.
 

The beans are dried through a paddle drier to reduce
 

The hot beans are cooled through
the moisture content. 


The cooled beans are cracked in a
 a cooling conveyor. 

,The mixture of soybean meats8tandard*oicking maohinb. 

aand hulla' aZb thien separaidd, first through Shaker

on a
Separator Vith asdiratidt &'arahjobMntahd*finally 

gravity table to remove completely the hulls. The 

1 



praotical.y dried moats -are then pulverised in a hammer 

mill into grits. 

Ak" ioation The grits are passed through a steam jaoketted pro. 
of Heat -A 

delicate conditioner in which the requisite amount of open steam 
opera igno 

is injected for oonditioning them. The oonditions of 

temperature and moisture should be oarefully regulated. 

Lepkovsky suggests that$ 

"Heat must be applied cautiously and intillegently in 

the processing of foods. Those foods containing toxic 

proteins must be heated sufficiently to destroy their
 

toxic properties, but thoy must not be overheated
 

because excess heat decreases the bioloel.al value of
 

non-toxic and detoxified proteins. Frequently, there 

is little difference between just enough and too much
 

heat, so that careful control must be exercised in the 

heat processing of foods." 

It is, therefore, obvious that in the manufacture of 

full fat fluur from soybeans, great oare should be 

taken in maintaining temperatures and pressures. 
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then passed throughThe conditioned soybean meats are 

a high-speed mixer where the feed stock is properly and 

homogeniously mixed tefore it is fed into the high 

is the heart oftemperature extruder. The extruder 

the whole process. 

the oil oells of 	the seed are rupturedThe Extruder. 	 In the Extruder, 

due to high levels of temperature, pressure and moisture 

existing in the barrel of the extruder. During passage 

through the various seetions, the material is gradually 

subjected to increased pressure and temperature. By 

judicious selection of the diehead as well as the 

number and the diameter of the holes in the die, it is 

possible to modify the pressure in the unit. Finally 

the maximum pressure is oreatod in the last taper screw 

or cold nose section. The temperature of the feed 

in this seotion attains high values. When thestock 

material extrudes through the final die, the sudden 

great reduction in pressure causes the material to 

expand instantaneously. This phenomenon will totally 

rupture tho cells. Simultaneously the oil which in 

expelled in the cold nose section through the cells 
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structure as free oil is reabsorbed the moment the 

material passes through the die into the atmosphere. 

It 	 is reported that the oil in the free state has 

higher digestability in various trials oonduoted by 

the 	University of Delware. 

Advantages of The quest for protein supplements in human food has 
pre-oooklnai. 

oentred attention on full fat soyflour. The produo 

obtained from the extruder is ground into a fine flour 

which is highly nutritious as human food. It provides
 

protein of high biological value as well as fat energy 

at low cost. Pull fat soyflour, being a precooked 

produot, offers the following advantages:
 

a) 	The cereal portion will be fully gelatinised for
 

maximum digestability and calorie availability.
 

b) 	 It would help the binding of proteins# vitamins 

and minerals with carbohydrates to ensure even 

distribution in the product.
 

O) The cooked material could be formed into suitable 

shape. and textures to suit consumer acceptability. 

d) Flavours and colours could be added to such cooked 

food to make 'Weproduct broadbased and appealing. 
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Criteria for It also meets, *ecognised requirements as an
 
Edible Flour.
 

edible flourt
 

1. 	 It should give a soyflour~with a high 

biological value. 

2. 	 The beans should be oooked to inactivate the 

growth of inhibitors in the beans. 

3. 	The cooking should not impair the protein
 

biologioal value. 

4. 	 It should not impair the protein solubility 

of 	the product. 

5. 	 The pro.ut should be bland and palatable. 

6. 	It should not be bitter.
 

7. 	 It should not have any Obeany' taste of the 

original soybean. 

8. 	 The product should have adequate shelf life 

at ambient temperatures. 

9. 	 It should be strictly in aooordance with the 

high standards of sanitation. 

10. 	 The product should be reasonably economical. 

Field Teats, xtensive infant feeding trials were undertaken by
Taiwan. DIl'aeyer and 	his team., The trials were conducted in 



a Nursery which was set up with the assistance of 

UNIOEF on the campus of the University in Taipeib 

Infants usually four months old, from lower middle 

class families, were selected for these trials. It was 

observed that soy preparations were gradually and 

perfectly aeoepted,by babies. Weight gains were found 

to be generally good and in some cases excellent. In
 

his report, DeMaeyer states as folowst 

"These trials have thus established the usefulness of 

full fat soy products as practical and satisfactory 

alternativos to infant foods based on animal milk when 

they are fed at levels which are not critical from the 

protein and calorie view point 
.......................
 

The practical value of soybean mixtures as alternate
 

source of protein ii the food of young children should
 

lead to improvement of the nutritional situation in 

Taiwan if their significance is properly understood by 

the local health authorities.* 

As nearly 100 million children in tho ago group upto and 

including 5 years are said to be suffering from protein 

deficiency in thu country, full fat soyflour will have 

an exceedingly important role to play in our country. 
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SOYMILK. * 

Soymilk is very nutritious, it is cheap, and easy to
 

make. Tie Chinese discovered the process about two
 

thousand years ago. It looks as though it should be
 

a major contributor to the protein-oalorie malnutrition 

of tropical countries. The problem howevor is that
 

soymilk has a terrible flavour. The flavour has been 

desoribod as "boany", "bitter", "painty", "throat
 

catching". No matter what you call the taste, most
 

people find it objectionable.
 

About ten years ago the Food Tochnology group at
 

Cornoll University became interested in the soybean as
 

a rich source of low-cost protein. They quickly came to
 

the conclusion that soymilk provided a good vehicle to
 

bring a nutritious, low cost protein food to people in
 

the developing countries but that the bad flavour of
 

soymilk was the principal obstacle to its widespread
 

acceptance. A lengthy study of the ohemitry, bio

*Ebcraoto from paper prosonted by Dr.Malcolm C.Bourneo
 
Visiting Professor of Food Science, University of the
 
Philippinus and Associate Direotor, USAID/Cornell
 
University oontraot-osd-1815, April 8, 1970.
 

7
 



waschemistry and nutritional value of the soybuan 

initiated. At the present time, this work is being
 

Agency for
supported by a research grant from the U.S. 

Particular emphasis hasInternational Development. 


been placed on determining the origin of the bad 

exparimentalflavour of soymilk. For some years tho 

soymilks tasted so bad that it was diffioult to 
find
 

on tastepeople who would consent to be the panel. 

found that the enzyme lipoxidase,Eventually it was 

was the causewhich is naturally present in the soybean, 

of the trouble. As soon as tho soybcan is ground with 

water the lipoxidaso acts on the unsaturated fatty acid 

smaller molocularchains producing a largo number of 

By means of modern sophistioated
weight compounds. 


such as gas-liquid ohromatography,ohemical techniques 

mass spectrometry, nuclear magnetic rosonance, and 

infra-red and ultra-violet speotrometry eighty volatile 

41 of themcompounds were isolated from sojmilk and 

were idontified.
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They are listed below : 

VOLATILES FOUND IN COLD-GRIND SOYBEASt 

PETANE 2 NONENAL 
PENTANAL DECANE 
1 PENTEN-3-o I HEPTADECANE 
HEXANAL VINYLETHYLKETONE 
HEXANOL VINYL AMYLKETONE 
2 HEXENAL PROPYLFURAN 
2, 4 HEXADIENAL PENTYLFURAN 
HREANOIC ACID BENZALDEHYDE 
HEPTANAL N-PROPYLBENZENE 
2 HEPTANONE N-BUTYLEENZENE 
OCTANAL DIPHENYL ETHER 
OCTANOL GADMANONALACTONE 

OCTANOL 2 TRANS-4 CIS HEPTADIENAL
OCTANONE 2 Tk2S-4 TRANS-HEPTADIENAL 

2 OCTANONE 2 TRANS-4 CIS-DECADIENAL 
2 OCTENAL 2 TRANS-4 TRANS-DECADIENAL 
I OCTEN-3-ol 2 TRtNS-4 CIS-NONADIE21AL 
2 OCTEN-1-0I 2 TRANS-4 TPJLNS-NONADIENAL 
1,7 OCTADIENE 5 HYDROXYMETHYLFURFURAL 
NONAL 

Tho majority of those compounds are aldehydes, kotones,
 

or alcohols. At least 31 of those volatile compounds
 

have some flavour impact, and with few exoeptions, the
 

flavour of the compound is unpleasant. One compound 

in particular has a typical "boany" note. This is 

ethyl vinyl ketone. The addition of 5 pp.m. of ethyl 

vinyl ketone to a bland-flavoured milk impact. a 

distinct "beany" flavour, 



Table below shows the postulated mechanism of formation 

of ethyl vinyl ketone from the linolenio aoid portion of 

the fat component of soymilk: 

Postulat6d Meohanism of Formation of Ethyl Vinyl, 
Ketone in Son _k. 

CE -C 2 -CH a CE-OH -OH H-CHH - O-(CH2 _--OR2 

(o) i Linolenio aoid 0 

CE -CH-CE *OCH-CE O'-H .-CE-CE. o0-(oH -C OR 

(o) o 
OH,-GH2 -CH . C-CH2 -OV - OH. CE - CH.-c-(CH2 )771 OR 

00H 

3 2 
CE -CE-OH- OH- OH 
0R3-CH2-CH- C16 CH2 ' 

(2) ' 
CH-CH2 -'C a CH2 

0OHR 
OH -CE-C -CHWOH322 

0
 

ETDHYL VINYL KETONE
 

The ethyl vinyl ketone is formed in six steps through 

free radical and peroxide intermediate and is 

eatalysed by the enzyme lipoxidaso. 
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The problem was how to inactivate the lipoxldase 

before it caused flavour damage. Heating the milk 

immediately after grinding did not work because the
 

lipoxdase acted so rapidly that the beaw 
 flavour was 

evident no matter how quickly the milk was heated.
 

Heating the beans before grinding inactivated the
 

lipoxidase and solved the flavour problem, but it also 

rendered the protein insoluble, thus giving almost no 

milk. 
After many trials the answer to the problem was
 

found, and it proved to be a very simple solution.
 

Instead of grinding 
the beans with water at ambient
 

temperature, beans were 
 ground with boiling water. This 

simple modification of a senturies-old technique in

activates the lipoxidase before it produces the bad 

flavour, and at the same 
time it brings the protein
 

into solution before it in rendered insoluble by the
 

heat.
 

The so-called "boiling water" grind produces a soymilk 

that is bland and pleasant tasting. The objectionable 

beany flavour is entirely missing. A pleasant odour 

and tante is present that resembles cooked cereals. 
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Only one volatile compound is present in detestable 

concentration in the milk. The compound is. I-oo*AD-3-v1- -

It is formed in-the in±at-beans during the initial 

soaking period, The flavour of 1-ooten-3-ol is mildly 

pleasant. In fact it is one of the onstituents of 

mushroom flavour. 

Table below shows the procedure for making a sterilized 

soymilk in bottles and a loose milk to be dispensed from 

a container: 

BOILING WATER PROCESS -R SO]MIX; 

1. 	Soak beans in cold water 5-10 hours. Discard
 
soak water.
 

2. 	Preheat grinder
 

3. 	Grind cold beans with boiling water 
9 parts water plus 2 parts soaked beans
 
maximum slurry temperature 800C.
 

4. 	 Filter. Filter cake is used for animal 

food or human food.
 

Bottled Soymilk. rsh S:mlk.
 

5. 	 Formulate (sugarfat, Hold at boiling point for 
minor nutrients) 	 30 to 60 minutes to
 

destroy antitrypsin.
 

6. 	Fill into bottles, Formulate (sugar
 
seal. flavouring)
 

7. 	 Sterilize. 12 mine. Refrigerato. 
at 2500F. 
Shelf lifes 6 months. Shelf life; 1-5 days with 

refrigeration 8 hours 
without refrigeration. 
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Table below gives a "ball park" cost estimate for the 

ingredients of a 7 fluid oz. serving of soymilk. Other 

cost factors such as labour, fuelt overhead selling 

expenses will have to be added. The important thing 

is that for less than one cent ingredient cost, a 

substantial contribution can be made to the daily pro

tein intake by means of a highly acceptable refreshing 

beverage. 

INGREDIENT COST OF SOYMILK 

1.0 kg. Soybeans at 20 cents/kg 

(estimated) 
U.S.S 
0.200 

0.65 kg. Sugar at 22 cents/kg 0.143 

0.3 ml. Flavouring at $ 6.00/kg 0.002 

Total ingredient cost ... $ 0.345 

Yield of soymilk: 50 x 200 ml servings per kg beans. 

Ingredient cost per serving 0,345- 0.69 cents. 
50 MUMMW 

(feed value of filter cake has not been taken into 
aocount). 

Table below shows the porcont of daily protein intake 

supplied to various age groups by one seven fluid oz. 

serving of soymilk: Two standards of referonce are 

listed. One is the FAO-WHO recommended daily protein
 

intake. The other is the FAO-WHO-Intorim Standard for 
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the Western Pacific which is about 20% lower than the
 

FAO-WHO world standard. Using either scale it can be
 

seen that one serving of soymilk can supply a significant 

proportion of the daily protein requirement to every age 

group. In the age group most susceptible to protein

nalorie-malnutrition, the preschool ahild, a single 

serving of soymilk can supply as much as 50%of the 

recommended daily protein intake. 

oMTEIN SUPPLIED BY SOYMILK 

:WHO-WESTERN Pacific :FAO-WHO Recom-
Type of Person :Interim Standard forsimended Daily
 

:Daily Protein IntakosProtoin Intako, 
iStandard:fof aandard.Stand-siof Stan 
t grams 	tsupplied by : ard :ard eupp 

tZ fluid oz. sgram*.llied by 
% oymilk. :fluid oL 
t a :Soymilk, 

Toddlez(1-3 years) 11.7 51 14.3 42 

Preschool(4-6 years) 14.6 41 17.5 34 
Sohoolage(7-9 " ) 18.4 33 24.9 24 
Sohoolage(10-12 " ) 22.4 27 31.0 19 

Sohoolage(13-15 " ) 32.8 18 41.1 15 

Adult Male 39 15 46 13 
Adult Fomae 55 17 39 15 

Lactating Female 38.5 16 54 11
 

The milk that is made by the boiling water grind is bland
 

in flavour, and acceptable to most people. It can be
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formulated in many different ways in order tio 6omply • 

with regional taste preferences, traditions, or w.Lt:.. 

special nutrittopal*needs. The soymilk can be flavoured 

with chocolate, cooonut, raspberry, caramel, and most 

other flavours. It can, be fortifie& vith extra fat, or 

with minerals and vitamins, The sugar content can be 

It can be used
changed to suit the tapte. of any group. 

successfully to tone the high fat milk o4 water buffalo 

in order to reduce the at content to that of cows milk 

without reducing the protein content. It londs itself 

to adaptation to almost.any situation. 

There is a great potential for soymilk in'India. Now
 

that the major off-flavour problem has been solved, all
 

that is needed is to develop a flavour formulation that
 

is highly acceptable to the Indian palate.
 

In short, we believe that the boiling water grind
 

technique is an elegant example of how food technology
 

can convert a cheap raw material Xnto h highly acceptable
 

food product thus bringing improved nutritkon to the 

peoples of Southern Asia at low cost.
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Cornell Uni- Cornell University,'New York State Agrioultural
versity 
Process, txperiment Station, Genevap New York 14456, are 

reported to have developed another process for the 

mianufacture of Soymilk and a patent for the same is 

applied for. In this process, soybeans are cleaned and 

prepared in the normal way intended for edible products
 

and tnb prepared flakes are ertraoted under carefully 

Seontrolled conditions specially designed to avoid heat 

damage to the protein. A unique feature of this process 

is the use of two solvents in the extraction process, 

one of which is intended to eliminate those minor 

constituents which are responsible for the offensive
 

flavour of the beans.
 

Details of the process cannot be revealed as the informa

tion is classified but the following extracts from a 

private communication from Dr, Keith H. Steinkraus, 

Professor Microbiology and Food Science, Cornell Univer

sity, Geneva, may be of interest : 

"As far as our process for the production of synthetic 

Gowts milk is conceornod, th 'first step-solvent extrac. 

tion can be done easily in the equipment you have 
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designed for U.P.Agrioultural University at Paait NCcx. 

Subsequent 'prooesoind to an imitation cow's milk is duno 

by aqueous extraction 'of the defatted powdered soybean 

flake-, followed by 'centrifuging to remove any insolu

'bles, followed by incorporatidn of a suitable vegetable 

oil and flavouring, f6lloled by homogenization, 

followed by bottling, followed by sterilization in the 

bottle if a product with a long shelf life' is dosired". 

"Oui most recent prdoessing studies adapting the 

Cornell patent-applied-for process to processing condi

tions planned for U.P. Agricultural University have 

involved tho use of batch extractions of soybean flakes 

where temperatures can be controlled better than they 

can by using a Soxhlet extractor in the laboratory. 

This is in-line with plans Sorvotoch-has been working 

on for a solveft extraction plant for yout University. 

By controlling temperatures, we have been able to in

crease overall aquoous solubility of the dofatted 

soybean flour baso from about 18% (Soxhlet extraotod) 

to 53%.(batch-temporature controlled extracted). The 

-implication of this is that the milk base to which fat, 
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sugar, and milk flavours are added booomes much cheaper 

in cost, muoh more eoonomioal to produoo so that, in 

fact" the aqueous, fat-free base can be diluted before 

addition of the fat, sugar, and milk flavour and still 

yield milk equivalent to cowls milk in protein content". 

"In addition, our studies on milk flavours have prompted 

several companies to develop milk flavoure for speoific 

use in the soy base produced by tho Connell process. 

Our most recent milks are gotting closer and closer to 

the specification - as similar to cowls milk as good 

quality margarine is to butter. General Foods Company
 

has evaluated some of our most recent milks and doescribed
 

them as tho blandest vegetable based milk substitutes
 

they have tested. So I think that we have reason to have
 

confidence that we will succeed in this Joint venture.
 

U.P.Agricultural University can very well be the first
 

place in the world to demonstrate on a aemi-oonmorcial
 

scala thatesimulated cow's milk or buffalo milk with
 

flavours virtually indiqtinguishable from tho animal
 

milks and with similar nutritive values can be
 

produced economically".
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BOY PROTEIN CONCELTUTE & _SOLATES. 

Boy Protein In the manufacture Of Soy Protein oncentr4Uq.' :th. 
Concentrate. 

basi pro.oesses are available. .The processes differ
 

in the techniques to ommobilise the major protein
 

fraction during extraction of Oligoeaoharidesp mineral
 

matter and othor oomponete.
 

Water In the water leaching procoss at a pH value of 4,5P the
 
Loaohirn
 
Process, lower molecular weight material ip removed leaving tho
 

major Globulin fraction.
 

The defatted soybean flakes are treated in a stainless
 

steel vessel fitted with slow moviing agitator paddles 

with water. The entire mass is made into a good slurry 

at ambient temperature, After this operation the con

tents are acidified by a suitable mineral acid to a pH 

value of 4.5. 
At this stage the major protein is retained
 

in the mass while most of the sugars and mineral matters
 
V. 

pass into the extract. Howevor, it may be.noted that the
 
"Whey" Proteins are soluble in water at.a pH .of 4,5 and
 

these are lost in the aqueous extract. The remaining
 

soybean flakes are further treated with f6pd qade 411.1 

to remove completely traces o acidity. 
The matoriaiis
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filtered and dried. 

Use Of-&=I- In the'processes InvetI&ed'by Cirole & WhitneY, 
ou8,.2ool mustakasi, at al it was observed -that using 60 to 80% 

Aqueous Alcohel aided" the' separationof the sugar 

fraction without removal'of the "Whey" Protein as is 

the case with aoidio.water leaching. *It was also 

claimed that the use of' aloohol helped in enhanoing the 

8ooeptabiliy of the final produot, in view of the fact 

that traces of bitter elements are also rugoved nimul

taneously. 

The leached liquors of the above process contained the 

sugarse sucroses staohyose raffinose and'some amount of 

verbasoose. These liquors could be concentrated by ova

poration to a syrup of Molasses-like consistency and 

oolour. This syrup can b used in animal feeds. 

A typical flow sheet following the' AqueO6u lohol 

Leaching Process and using hydrocyclones is presented 

in PLStPNs78"(at the end"of"the voluo). 

lield and The .yield of dry concentrate is approximatelY 60 to 70% 
Charaoteristis, 

of the weiht detatted flakes,* 
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The oompositional oharacteristios of the oonoontrates
 

*'" 'shlwn In'the following Table 8 

AVE AG;E bo MSflION OF SOY PROTEIN 
C0NCENTRATE OF THREE PROCESSES: 

Leaching Aqueous Moist heat 
with water Aloohol Denatura
pH 4.6. Leaohing. - tion. 

Moisture .. 6.7 5.2 3.1 

Protein % .. 66.2 67.3 69.6 

Protein, moisture
 
free basis % .. 71.1
70.9 72.2
 

Fat .. 0. 
 0.3 1.2 

Crude Fibre % .. 3.5 3.4 4.4 

JAsh % .. 5.6 4.8 3.7 

Nitrogen solubi
lity index % .. 0.5 69.0 
 3.0 

pH(1:10 aqueous 
dispersion) % . 6.9 6.6 6.9 

It may be seen that the protein obntente on moisture 

free basis are above 70%. The oonoentrates obtained 

by aloahol and water washing have loW protein solubility
 

on aooount of.denaturation, The produot re.lting from
 

aadf washing has deoidedly higher proteain'solubility,
 

whon it is neutraliced before drying. 
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The Polysaooharide Constituents of the concentrates
 

include Arabinogalaotan, Acidic Polysaooharides, some 

Galaotomannan and celluloses..
 

The concentrates have generally botter flavour 

hjracteristics than comercial soy flour. They are 

bland in taste and have oolours ranging from cream to 

light tang 

The concentrates are used in cake mixtures and 

speciality breads. The chalaeteristics of moisture 

absorption, juide holding and fat binding are useful in 

special foods such as oomminuted meat products.
 

Soy Prqtein Notwithstanding extensive references to work done on
 
Isolatee. 

Soy Protein Isolates, the information available is 

lacking in details of the exact process conditions. 

The high protein content and the ready dispersibility of 

the isolates have contributed to their growing popula

rity in recent years.
 

The general process is indicated'iniLSsPsiOie0 (at the 

end of the vo1ume),, WhLe the principles of processing are 
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ienea~ii indI oate"&,h diesign e ipmet and prooes

'
sin:g tihnology eontiinlues t 'be tras.b* a0''""

ed for specia*leie:'tion and 

itigof hobeas, sanitation ih "rocesiing'and miorobial
 
• ii oo'i'htio'n'' 'riequir olean

cont061 re very impoetint. Te main raw material will 

be the defatted soy flakes which have undergone higher
 

he'treatmnt. " h lakes'are fed' ito a stainless 

bteI'btk,&ct*W ivesol 'fittted wi'th sloV moving paddles
 

ahd steam hating ja~ket 'T" this vessel water is added
 

to ikeW he ontents ito" a slurry. After agitation for 

bi'ho'ur, the oiitens are treated wfth'alkali. The pH 

value 'Will -be mainta~ed fkom neutrality to an alkaline pH. 

The pirticle size, the liquid solids..ratio, the pH, time 

and t mperature are selected to achieve tho.bust yields
 

in the alkaline water phasp in which mos,t.pf the proteins
 

'dissolre rapidly loaving the fibrous residue. The aqueous. 

bxtraot is then separatod in a filter and sometimes the 
I'. . I • . 

hibrouW" residue ii washed with alkaline water to obtain 

as much protein as possible. The pro.tein liquid is then 

transferred to a second stainl9es step.1 vessel again
 

'fittedwith slow moving paddles.' Iti's treated with
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mineral acids to a pH of 4.5. At this point the major
 

globulin fracfotn of the protein precipitates. The
 

slurry is filtered and:the.ourd iscoonoentrated. Most 

of the edible protein produoed commercially is sold 

eitber in the neutral form or as sodium protoinate.
 

This product is water dispersible. Consequently, it
 

can be incorporatpd in wet food systems.
 

The isolated soy protein is generally spray dried. The
 

resulting product is cream white in eolour and has a low
 

flavour intensity., This flavour has often been described
 

as cooked oereal-like. The following table indicates the
 

proximate analyses of several commercial isolates : 

PROXIMATE ANALYSES OF COMPOSITION 
SOY PROTEIN ISOLATES. 

COMPOSITION A B C, D. 

Moisture % 4.7 6,4 7.,6 3.7 

Protein % 92.9 92.2 92.9 94,7 

Protein %(Moisture 
free basis) 97.4 98,7 100.0 98.4 

Crude Fibre % .0,2 0.1 0.1 0,2 

Ash % 3;8 3-.5 2.0 2.7 

Nitrogen solubility 
index % 85.0 95.0 

pH(110 aqueous 
dispersion) % .7,1 -6.8- 5.2 .5,5 
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It may be noted that all of them have AiCh protein 

,ooatlt and low fibre perota ae. The percentse of 

Ioola^tga C & . are of the I'ob.leotrio type. These 

--e non diaperoiblo.itypo.
 

Yield nd 
 It has .baen report d that aboht 30 to 40% of protein
 
yields are obtained on the basis of the weight of the
 

defatted coy flakeo..
 

The Ieolite, havo Propartioc ao enuloifyin , omulojon
 

otabilizinG, fat-and-wator-bindin, of Colling, 

thickenind, texture forzine, etc.
 

3oy Protoin Isolatoe 
are Cenerally fortified with DL-


Methionine for infant formulations.- In the' U.S. the 

Isolates Cro lareely used in oomminuted neat products
 
wherein it enhance. vater absorption, Juice holdina,
 

dioporeing and fat oulIoon atebilisine eharactoriatios.
 

The impact of the Isolatoeon.dairy prOduots neds
 
further dovelopmont. This will ,be ominently suitable 
in India vbore the non-availability and non-oonouption 

of animal Iroteins by tho najority of the population 

needs a hiGh quality protein like the 3oy Protoin.
 

85
 



.The :.typioally essentiA, adino acid aompositione of the 

protein onoentrate 4nd isolate are shown below a 

*. 4=0I ACID 00MPQBITIOR- OP 'SOX PROTEIN PIODUCT~S 

Essential Amino Defatted Soy Protein Isolated 
Acide s/116 t.N. Soy flour. Concentrate. Soy Protein. 

Lysine 6.2 6.2 6.0 

Methionine 1.3 1.3 1.1 

CyetLne 1.2 1.6 1.0 

Tryptophan 1.4 1.4 1.3
 

Threonine 4.2 4.3 3.7 

Isoleuoine 4.6 4.9 4.8
 

Leucine 7.7 8.0 7,8 

Phenylalanine 5.3 5.3 5.5 

Valine 4.9 5.0 4.8
 

It may be observed that Soy. Pro.tein does show limitation 

in the sulphur amino aoids, methionine and co'stine, 

It is equally interesting .tok.note that these 

l&miting am.4no aoids are lost in Isolated soy protein. 

This.is tee result of protein fraotionation. The pro

tein efficiency ratio of ooxmeroial concentrates range 

betweez.. 2.,29 and 2.36, When. these oonoentrates were 

fortifted with 0,15%of DL-Meth4onineg the PE value 
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ranco bOtwoen 3.00 and 3.06. Zao fiouroo for t.,) 
isolatod ooy protein are 1.00-2.11 and in to fortifiod 

protein it rancoo between 2,1! and 2.45. Obviously, 

some ineroConto in te concentrates are nutritionally 

ouperior to the Ioolateo. 

1) Proeuotion of ?rotein Yoo~e cnd Concontratoo gron

Oilooodo, Tropic:.! 2liouoto Inotituto Zaorts Juno
1037 - 31lizcat ORt c. Davicd ;d*tr.
 

2) ?:ocoodinro 
 o: 	t'o Co:.:oronuo on 	 Protoin-rich Vood
Producto'from OiloeC.c :io'd 
I.t iTow OrL1ano,

Louictano, IUy 1960 -J.:S pa- o 2 71,- Lay 1989 

3) 3ornott Zl.G. 1951 
 - Soybo.n Protein Food ' roflzcta 
joyt~am ar:- Coyarn ?2rocucto - CMaptors 23-P4 -,---
 Intoracio-co PuZlio'-oro.
 

4) 	Cirolo 3.j. 1C53 - P-otoi,-o z.nd other llitrooonouo 
Contit Utoo, 1DD ioutn!.o G.C. - Albracat ./.J.fBoo-I.ltor C.i1. :.nC GriZlin 3.L. Jr. 1967 FullFt %-joyFloor aby oi'.,lo procos for villa.oc. 

5) Uuot-L-r.o G.C. a.d Griffin ".L., Jr. 1966 Hothodof 	 propnrin: o'iblo aoyboan c:ara.ctoriood by

3roatly enhancod wi-tor aisorption.
 

8) 	 O-IR L., D50 - Protonntious ougar cooooition andnotaod of propring noy !jrotoin ooncontratoo and 
ioolciton. 
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SOYBEAN PROTEIN INDUSTRIAL PRODUCTS.*
 

Soybean protein is similar to casein and it has in fact
 

been called vegetable casein. It is true that solutions
 

of soybean protein, like oasein, are ordinarily prepared
 

in the alkaline pH range. However, soybean proteins
 

having solubilities, viscosities, adhesive strengths,
 

and other characteristics similar to casein are markedly
 

modified products compared to the unisolated or native
 

protein.
 

Soybean protein, in common with other globular proteins,
 

is extremely sensitive to chemical or physical treatment
 

and is readily altered by changes in temperature, pH,
 

etc. This instability makes it difficult to control
 

processes required for the isolation and modification of
 

the native protein. It is, however, an advantage as well
 

as a handicap because by carefully controlling conditions
 

it is possible to produce "tailor-made" proteins which
 

exhibit a wide range in behavior afd proterties and,
 

hence, adaptability to many uses.
 

Industrial Iso- Most isolation and modification processes for soybean 
lation and Modi
fioation prooesses, 

Extracts from Soybeans and Soybean Products,"
 
Intersoienoe Publishers Inc., 1950.
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protein have been designed to develop good solubility,
 

high adhesive strength for bi'nding the pigments in paper
 

coatings or water-thinned paints, and viscosity charac-


Veristios similar to those of casein.
 

The first process for modifying soybean protein by means
 

of alkali to impart to it more desirable characteristics
 

was described i'n a patent by Cone and Brown. They treated
 

100 parts of ground press cake with 2000 parts of water 

and 10 parts f caustic soda and digested the mixture at 

60'F for 24 hour,. Digestion at 1209F shortened the time 

to about two hours. The.; stated that the digestion had a 

denatdring action on the protein and that its ultimate 

viscosity could be onitrolled, but warned that if the de

naturing action is carried too far thd adhesivo properties 

may be impaired. To the clarified extract liquor they 

added lime to precipitate about 10-20% of lime-insoluble 

protein', which' treatment was claimed to improve the color 

of the final protein product, and when used with lime

containing material, such as satin white, to prevent 

getting and thickening. As an alternative method, they 

extracted the protein with an alkaline salt solution, such 
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as Godiun oul2itol amd aedod 10 parts oZ line to to
 

dialoeroion im orce-r to 
2looulato out tha limo-inoolublo
 

fraction and 
 to den.-tro the solublo protain. 3y a third
 

nothod thy oxtractod &cd nodified the rotoin in ono
 

otop with 10% lino, on a flour basic, prior to ito aoparntion 

Cron tho flour. Thone =oti iod protoins 7ore finally 

procipitated at P3 4.4 and 1200F. '0hoo conditiono for 

procipitatin; to protein .7oro claimod to inrovo the 

handlin. "roiartioo 02 t- cud, .They aloo montionod that 

aaclomoration of t*_o prociitated 3rotoin ic promoted by 

tho ae-dition of carbon Lioulfie.3. Cono anC 3rown roedueod
 

tho noioture contont of t.o 35A,
curd to *icintearatod it,
 

And driad it at 00-100Ff, after whioh it wao arouad to
 

40 mooh.
 

The idaao proooztoC in the above patent are conoidorod
 

basic and, ano tatod by 7iahllorco and GiatooLk, tho 

principal adva=ta o of the Cono and 3rown ,atont lies in 

to fact tLat controllod uniform viocoity be attainod.can 

They aloo pointod ozIu 4.at to rooction of the liao-in

aolublo .rotoin by Cono =( 3rown lottorod tho ovor-all 

yiold of protoin to 20-25%, and toy doocriod a method 

which imcracoed tiA to 32% by oxtraoting and CiCootIna 
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tCio flakes at 056F for 14 hours with 3 -arts of caustic 

soda and 7 parts o! hydratod lino. Thoy olainod that 

undor theeo conditiono a portion of tZio lino-inoolublo 

.orotoin in rooolubilizod. 

Tho extraotion of protoin fron coyboan flaros with 

oauotic alkali solution 'roduoos a slurry "laioh is 

diftioUt to :andlo by ocooning nd contrifucation; 

thoro.oro, Julian and Laltor ocorL ondad t-o uoo of water 

an Vie ontraction =odiun. Tho slurry obtcind vit% this 

nodiun vc'c roadily co-c.ratod into a untor ortract and 

fla-o aoaiduo. Thic oxt:act v--o t:on digootod ',or 8 hours 

at 110OF with 2.5% oacl_ of otuotic soda and line, basod on 

tho irotoin contont. "'ho oxtract licuor vao cl,.rifiod by 

oontrifueetion during the poriod oh diCootion and the die

oolved 2rotoin procipitatod by ad.uoting the 23 to 4.0-4.8. 

Tho nrotein curd wan t"ickened in a tiiokonor, winched by 

roolurrying and rot"ickoninj, Ziltered, driod, and around. 

Mhoy obtained a yield of dry protoin by this procooo of 

24-20% bcood on tLe original oi~ht of .lchoo. 

Davidoon donoribod a mathod !or CaturnininC the propor 

crount o2 alkali to uae for oxtraotion &nd diCeotion of 
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Oovoral prolithe protoin from any given ooybean coal. 


lirat nodo fron th',o -,or1 by

=inary jotchos ol proteia are 


oxtraction with varying amounts of alklali 
in tho rane of
 

.arta ol moal. Tho
 
3-0 parto of codium hydroxide ier 100 


oolutiona of tho isolated protoino,
viccocitiou of 10% 


-
e anount
tho-_plottod agrainct t:
adjuoted to pO 10.0, are 

of alklli uood to oxtract tho .rotoino, From tho nlot of 

aeloct -he concontration of t:0oe fata, it is poooible to 


is oesy to handle
to obtain a cu.d vihic:
alkali .ocired 


racuirod adlasivo or othor
and a finihad protoin i"th 

chr-ctorictico.
 

for treating
Julian -:d 3nastromn decribed c _:rocoas 

fle'-oo prior to oxtractio and modification withcoyboen 

ClIali .n rfic%w fluric or -ydroc'_loric acid is addad to 

thio equaouo clurry to obtain a .N of 4.7 at Tich valuo 

tho slurri io *,old f'or 2 "houro at 170-1000F. This digec

rt of th"e .rotein intion 7ith'_-hotacid incolubilieoa 

al'-al. Innroveo=nto in viococity, color, and ad':aoivo 

claimC !or tho iool-teod and modiZiod protoin.atrenCth cro 

Lawronco and -ioronymuo extractod te protoin from soybean 

.lc:oes ^t 45-650C vith a 0.3%triothenoloaine solution and 
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modified the protein, after separation from the residue, 

by heating the solution to 60-700C.
 

Henning discussed the difficulties of separating the 

extract liquor from the voluminous mucilaginous and 

gummy meal residue when soybean protein is extracted
 

with caustic alkali. He claimed in his patent a process
 

for settling and decanting the liquor which eliminated 

mechanical separation. In this process the flakes are 

first leached at the isoelectrio point of the protein 

which is then extracted with caustic soda and lime in 

the presence of 1-5% sodium acetate. The improved 

settling of the insoluble flake residue was attributed
 

to the astion of the acetate ions.
 

Julian and Malter added sodium peroxide to an alkali 

extract of soybean protein to improve color, adhesive 

strength, viscosity, and tendency to gel. The improved 

flow properties of the isolated protein were claimed to be 

especially useful in the preparation of cold water paste 

paints.
 

Rauer and Torrington claimed that a free-filtering meal 

slurry is obtained by the addition of sodium hypoohlorite. 
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the protein is extraoted at 60F*
Aooording to this process 

with ten parts of a solution containing 0.3%sodium sulfite 

and 0.1% sodium hypoohlorite. These inventors also claimed 

that the use of a mixture of 90%hydrochloric acid with 10% 

protein precipitate.sulfurio acid produced a less gummy 

In a process described by Morse, 80-100 mesh soybean 
flour
 

is leached at the isoeleotrio point of the protein to
 

remove sugars, salts, and other soluble materials including
 

coloring matter. Leaching is carried out at about 70*C for
 

claimed that under these conditions
40 minutes. It is 

coloring matter, allied with and probably derived from 

gluoosides, is hydrolyzed to yield pentosans and a water

soluble color-base. 

Boyer et al patented a process in which soybean protein
 

curd is dehydrated by slow-freezing. On thawing, the
 

and the curd is readily washed. They
protein settles out 


claim that the slow-freezing denatures the protein, thus
 

for p_.per
making it suitable for spinning fibres and 


coating and cold-water paints.
 

Other processing conditions have been proposed but the 
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present praoioe in this country is, in general, covered 

by the various patents discussed above. 

Industrial Soybean flour is the basis of important industrial 
adhesives fd 
emu.sifying adhesives and emulsifying products. Its most important 
produots, 

use, from a tonnage standpoint, is in the manufacture of 

water-resistant plywood& Considerablo amounts are almo 

used as an adhesive in the manufacture of washable wall

paper. It is not entirely suitable as the sole adhesive 

in the coating of magazine, bQok, art, and lithograph 

papers, but it is extensively used in mixtures with casein 

in which the soybean flour content amounts to 20-30% of 

the total adhesive. In operations where a specific degree 

of tackiness is required, such as in tube winding, it can 

be used provided about 1 pst of isolated soybean protoin 

or casein is added to every 4 parts of flour. Soybean 

flour has been extensively employed as an adhesive and 

emulsifying agent for orchard sprays and as a binder for 

water-thinned paints prepared for interior decoration.
 

In addition to its use as a paper-coating adhesive9 

isolated soyboan protein is used to varying degrees in 

water-thinned paints, in the spinning.of synthetic protein 
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fibres, as a proteotive colloid in the manufacture of 

rubber produots, in leather finishing, as a fire foam 

stabilizer, in plastics to improve flow propertiest as 

paper and textile sizing agents, and in other applications.
 

For a list of actual and potential uses which have been 

suggested, the reader is referred to a resume and biblio

graphy of soybean protein by Brother, Smith, and Circle, 

The preservatives most frequently used in adhesives are
 

the chlorinated and/or phenylated phenolp. These
 

materials will preserve protein adhesives successfully 

provided they are used in sufficient amounts; ordinarily, 

4-5%, based on the dry weight of the adhe.sive, is suffi

'dent, provided gross contamination with bacteria from 

unclean equipment is avoided. 

One of the most effective preservatives is the sodium salt 

ot pentachlorophenolv which is marketed under the trade 

names Santobrite and Dowioido G. Another effective pro

servative commonly used is the sodium salt .of chloro-2

phoinylphenol, which is marketed under the trade name of 

Do4ioide C. When either of those two preservattves is used, 

""lhore are occasional complaints of dermatitin among the 
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workers handling them or mixtures oontaining tho!.. P-. 

preservative least apt to cause 
dermatitis is tho eotiur

salt of o-phenylphenol or Dowicide A, which is often
 

preferred to the other aforementioned phenols.
 

Plywood Glues. 	 The first large-scale industrial use of soybean flour was 

the development of plywood glue in the Pacific Northwest 

about 20 years ago by I.F. Laucks and Glenn Davidson, who
 

imported specially prepared hydraulic-pressed soybean moal
 

from Manchuria. In the preparation of this raeal, special
 

precautions were taken to 
avoid overheating in order to
 

keep protein insolubilization to a minimum.
 

Besides being relatively cheap and plentiful, soybean
 

flour adhesives produce a strong bind which, although not
 

waterproof, is highly water-resistant. Because the adhe

sive mixtures are not tacky, the glued veneer is easy to
 

handle, and therefore the manufacturing process can be
 

speeded up considerably. Another advantage occurs from
 

the fact that veneers containing 20-35% of moisture can be
 

successfully glued, thus reducing considerably the losses
 

resulting from 	splitting. In addition to its extensive
 

use in the manufacture of water-resistant Douglas fir ply
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wood, large amounts of soybean flour plywood adhesive are 

also used for making box-shooks in the Eastern and Southern 

States, water-resistant plywood boxes being especially use

ful for packaging goods for export. Soybean flour glues, 

in common with oasoin glues, have been unable to make any 

great progress in the fields where thin veneers are used 

because the alkali in the glue disoolors the wood. 

The following formula is typical for a soy flour plywood 

glues soybean flour, 100 lbs.; water, 390 lbs.; hydrated 
I 

lime, 3 lbs.; caustic soda, 7 lbs.; silicate of soda(Phila

delphia Quartz "N" brand or equivalent), 15 lbs.; and 

carbon totrasulfide (equal parts CS2 and CCl 4 ), 1 qt. 

Soybean flour is also used extensively in blends with other 

adhesive bases. For exanple, soluble dried blood is added
 

to increase water resistance, especially for use in hot

press methods. Mixtures of soybean flour and casein have
 

lower water requirements and increased water resistance. 

Another development which has contributed to the continued 

large-scale use of soybean flour glues is the success of 

hot-press soybean glues. According to Lauoks, the soybean 
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glues, as finally formulated, were found to have a -ronct 

advantage as compared to other types of Glues in the hot

press. They were found to be much speedier than other 

glues and speed is the essence of the hot-press method.
 

The hot-press development also led to the so-called
 

"mastic" type of glues. 
 This type of glue is spread at a
 

much heavier consistency than has previously been thought
 

possible and quite different mixing and spreading equipment
 

had to be devised. With mastic glues an exceptionally uni

form and high quality product is obtained with mass produc

tion economy. Tho fortification of soybean flour with' 

spray-dried blood has also contributed to the increased 

use of hot-press protein glues. 

Soybean Flour Soybean flour is an important coating adhesive. When 
Paper-Coating
 
AdhesivesL prepared for this purpose its particle size should be 

smaller than that ordinarily required for plywood glues, 

watek-thinnod paints, etc. For best results, 98% of the 

flour nhould pass a 300-mesh screen.
 

Dilute alkaline dispersions of soybean flour have a low 

viscosity, but as the concentration approaches one part 

of flour to. give parts of water the dispersion develops 
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considerable body although it will still flow well at 

room temperatures. At conoentrations above 16.5%, however, 

the viscosity inoreases rapidlyp resulting in poor flow and 

eventual gelation. One of the moat useful properties of 

soybean flour dispersions is their thilotropio behavior 

when they are allowed to stand without stirring. This 

thickening effect is valuable in keeping pigments and clays 

in suspension because, on agitation, the viscosity drops 

sharply and the mixture regains its desirable flow proper

ties. However, thixotropio behavior may result in brush 

marka on the coated paper unless mechanical adjustmentscan 

be made in the available brushing equipment. 

The best results are obtained when at least 4 parts of 

caustic soda are used per 100 parts of soybean flour, which 

gives a dispersion having a pH of about 11.0 - 12.0. The 

pH and viscosity wifl remain relatively stable for long 

periods of time provided bacterial and mold spoilage is 

prevented by the use of sufficient preservative. 

About 4 parts of pine oil (defoamer) and 400-450 parts of 

water at 75-1O0*7 are placed in a mixer. The mixer is 

started, 100 parts of soybean flour are slowly adde, and, 
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after a smooth paste is obtained, 40-50 p-rts of 105' 

sodium hydroxide solution are added. Mixing is co:tinuod 

from the time the flour is added until 30minutes after 

the caustic sodathe solution is made alkaline with 

solution. A solution of preservative is added, auid the 

final concentration of the ispersion is adjusted with 

water to the desired visoosity. The product is now ready 

for mixing with the clay or pigment slip. 

Bain et al have reported that a slight increase in adhe

sive strength of coated paper is obtained if the adhesive 

temperatures 

solution containing soybean flour is heated for ono hour 

at 140*F in the range of 2-5% caustic soda. Heating at 

above 135-140OF with caustio soda darkens 

the mixture. 

Bleaching of soybean flour dispersions to obtain lights". 

colored coatings is sometimes desirable. This oan be
 

accomplished by the addition of 1-2e of sodium hydro

sulfite, based on the weight of the flour, to the dis

added. The reagentpersion after the caustic soda is 

also reduoes the viscosity of the dispersion and its use 

is often recommended for this purpose. The addition of 
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sodium or zino hydrosulfite to bleaoh the pigmonts asso

oiated with soybean protein has been disoussod by Smith
 

and Max,
 

Water resistance and a high degree of washability can be
 

imparted to soybean flour coatings by the application of
 

a "converting" or tanning agent after the paper is coated
 

and partially dried. The tanning solution is applied,
 

usually with roller applioators, after the coated paper
 

has passed through the dryers. A typical fornula for a
 

converting solution is alum (iron-free), 14 lbs.; water,
 

85 lbs.; and formaldehyde, I lb.
 

This flour is not only used as an adhesive in the ground
 

coating applied to the papor, but it is also used to
 

prepare the water-base inks employed in printing the
 

decorative designs on wallpaper. While many manufacturers
 

add small quantitieo of casein or isolated soybean
 

protein to the flour adhesive mixture, it is possible to 

make a high grade washable wallpaper using only soybean 

flour. As high or even a higher degree of washability 

is obtained with soybean flour as with isolated protein 

or oaseinby the use of tanning solutions similar to the 

one given above. 
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3oyboan Pro-

toin Pipor-
Coatinm 
Adhooivos. 

It is noteworthy t"'-t t*o lraost oinglo uso of ci.oQn 

andnoyboan protein io in pn.or ooatinao, Th2o avora-o 

1940-1048 conaumption o! oanoin in V4* United Statoo wa 

about 65 million pou=na = nd of ooyboan protein about 15 

million poundo, aproin4.tcly one-halaf of oac" .a.ount 

being conounod in pn.or cotinCe. 

Maohine coating of papor an" th-o dovolopmant -nduoo of
 

iaolatod ooyboan protein no a ooatinC adcooivo booao 

'oneroially important in tho Unitod Otatoo durina tho 

docado 1935-1944.
 

Bain et al havo otatod that tho anounto of various 

alkalis ordinarily rouired to 'rina 
 about tho oolubility
 

of comnercial soybean protein in nator are soda nab 10%t
 

nmnonia (26O3o) 10%v oauotic soda 3.5%, and borax, 17%.
 

Thooo anounto are baoo 
 i-n t.-o dry weight of the .rotoin. 

The contina millo, 4owvor, oom.only use moro alkali, as 

ahovn in t'-o follo. in- typical Ciroctions for proparrna 

adhosivo for uco in ooatin- papor otock, 

Stir 100 parto of protoin into 450 parto o2 vator. 

Continuo to aritato noC'arctoly and allow nixturo to toak 
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2 ":-rto of czcaonia (2630o) with
15 ninutoo. Mon t"Od 

.

continuod a~itation, iloxt add 10 nrto of codach 


(previoOily dissolvod in 50 parto of 
v.-tor)j and raioO
 

Continuo to 
ostir batch for ono
 tho tonrora.ture to 1300F. 


tio protein is corploto. Tho
 
hour or wzitl colutiola of 

solution in thon reoady for addition to thoadhooivo 

piamont or clay clip to rke tho cottina color.
 

Ldo vator reoiotant by tho a~dttion
Contod panoro can bo 

to tho cotina 
of 3-5% of tochnical rcde Zorrialdehydo 

ooyboan 2rotoin. 7Ihon
colors based on tho ".oi~at oZ tio 

as borax or r=.Loniais usod, Claclio ouch2orn-aldehydo 

For maxiu=u
disoolvo tao protein.
a-ould be addod to 

ia gonor.lly advisablo to !mop t'-o 
wator roiatanco, it 

0. It is also conoidared
pH of t:-o color botwoon 7 d.nd 


advioablo to diluto tho .oraldohyda .iit' vctor prior to 

found th:.t bottor vater rosiot=noe in
u0e. It has boon 

the color just
obtained il,to ,or-ialdo2ydo io added to 


coon o posaiblo.

Prior to uaG and if Vto color is uood an 


3oyboan protoin is rn inport :-t cizina n.at-rial in tho
 Papor nd 

Toxtilo
 

of papor, and it is also uoed Co .: tostilo
imes. nanu-aotire 

±i2o, 2racoticaly all -raloa- o! papor, witzI the oeptioa 
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of blotting, towellinC, ilter, end other aimilar types,
 

ere sized in tho nro cos of manu.eoture to mc-e then
 

resistant to the penetration of liquids and moisture. 

Iriting .aper, _or oxediple, is oized to resist tCe pene

tration of ink, just as food wrappine pa.er ioos~ed to 

resist the penetration o. .-ater, meat juioes, eta. 

The uoul method oA1 oizinC is deoianated ts beater or 

engine sizing. It conoicta oimply oC adding a nizing 

=aterial to pulp w-hile it is beaten in such a way that 

the material adheres to the pu fibres in the labrioation
 

of the oeet on toe ptier-cahinC =aohine. Ordinarily, a 

rosin eulsion prepa-ro by coolina and ouponifying rosin 

with coda sh is tdded to t:e pulp in tie beoter oharge. 

The rosin present in t-o emuloion is precipitated on the 

fibres by the adition of qn.ormeer's alum. Lany dif*i

oulties develop in the nanufoture of uniformly sized 

paper, whioh users o. tlio type of rosin oize heve never 

been ablo to overcome, L-onL! the variable fectoro 

afeotinC the onar-t.on a.re hind of )ulp, ection of the 

beater, hout, hv.rmesoo o! the .iater usedl and speed of 

paper-xomine machine. 2urthernoro the use of excessive 

enounts of rosin or alun, or both, causes fie reoulting 
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paper to deteriorate un(:uly vith a:e.
 

A method of mizing has been patented by Zowlan which in 

said to overcome moot o! the ei.icultion of ordinary 

"engine snizing". Thio develoPrment ic the basin of the 

"Prooise" process in aich soybean protein is uoed. The 

improved cizina matarial in -rocarod .,n..din3 soybean 

protein to a 2.5% oolution o: sodium resinate oontaining 

a slight exceos o2 Iroe rosin but no alum. The amount of 

protein .-IdeC, according to the patent, .Ay vary Cron 

10-0%baoed on "eiht of dry modiun reoinate. The nixture 

is stirred and the irotein oombineo with any :ree alkali 

present amc' with cone of the alkali in the rosin size. 

3oric acid in then added in a cantity to Co= a large 

amount of linely dividod rosin particles, uhich, in turn, 

are otabili-ed by the irotein. The theoretical basis of 

this developmont hea boon diocussed by lowland and -ain,
 

who claim the procoos reduces ronin recuironentn 35-88%, 

and alum rocuironent P.O-45%. 

vlarren has claimoed that soybean protein in superior to 

oasoin for surfece Oinin3 an alkaline-filled (orlolum 

carbonate or the liMo) uooatod papor. 
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'Jntor-1Thinnad 
Paints. 

Oanford liao roportod t::t acetate ra~yon overo Zivo go~d
 

ooybean protein o~foro cortain acdvC1taCon ovar otc.-cdrrd
 

-elatin a~nd oanoiin ni-oa. Probably thei. rinoipcd advan

too*o in t!,.at olaah-oylindor toriortutroo cara zot n~o critical 

w~ith aooaan protoin to -'!tL t!o othar oinoc. Tooto !ivo 

o',om that it io virtu-.11y in-,oooiblo to b!,%.!o or ovar:2oat 

attainblo on olao-oro. It '-,no 'joon foundI t'--t tza~g is 

littlo or no c1an-or o: cauoi=C: tao at:. to dalvorioriato or 

bocomo, insolublo. 4ccordine to 3n2ord, ono oC? tho princi

ia1 proleloo in alaohin- acot:.to ynrno :ia '.ji t!-.t of 

Ponotra'tion. Toot rano ^--e croco ncotionni p!hotoaicroCranihe 

h-ooiov- t'wit oz~o ol t:. av,-.t-Zoo oig coybaLrn protoin cize 

io ito ability to ponotrante acetate yarn. 

Boyboan protoin to uooC in all t'poo of wator-t-iunod peints 

and in mny inotcn:ooo ooyboaz flour is ocually o::octiva. 

lBoyboa-n -3rotoin in tioo-- n t:-o adalooivo, film-forninC Lnd 

flatortroo f-in- afCoxt in inocto ne' -3o'idur oole.-7ntor -cainto.-.

In rosin-oil onuloion paintc, -.ooyboc.a -)rotoin ne. Z~oizr 

aid in C~o Cio,3oroo1. o t::3 roujo-oti *Wzn-c1d ote.:bili

cation of tho ouulaion. 
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.lator paoto painto aro .noc on oaooin or ooyboan irotein 

dionrood 	by alkll or borax under controllod oonditiono
 

and no-.ilied with eryina oilo or otaor wator-inoolublo
 

film oomnononts. Thoao p-into are ucually core durable
 

than tho cold-uatar powdor painto.
 

.owovor, in oomo t-r2 oa of paint noyb3en protoin hao
 

certain adva~ta-oo. 7or example, t:-o thickening action
 

of oclcium-banoe .i nto in a casoin paint raoulta from
 

the fortation oZ tVio onarin.ly colublo clciun ocaoinato; 

thoroforo, a protoctiva colloie ouch co ooyboan protein,
 

which :a. boon procoosod to romovo lime-inoolublo
 

matorials, is proferrod. It io aloo clainoe, t::ct ooyboan
 

protein dooo not %avo tho otrinay, otic!7 caaractorioties 

peculiar to onoein whon uood in vator-thinnod pointo and 

that ito uoo imorovos bruoc.1bility and nakoo the paint 

filn nero vhhableo. Tho rocdor is roZorrod to Ucattiollo 

and othorn for a dotailod dioouosion o2 tho 1ormulation
 

and =anufaoturo of wator-t"inned paints. 

c. 	 It va found thnt roduoinC t'io vator oontont o! ooyboan 

moal or 2rotoin below about 5A avo a bon catorial from 

which a y of 2lactic could *-j ii.zdo . vinC ?roportioo 
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roro olocoly roaonbline zein than oraoin Ol,.stios.
 

3rothor and BoXinney found tht ooybean protoin,
 

L,.rdoned or tannod at a pH of 4.1, producod a -natorial
 

t!.nt v7ae thornonl.otio and of oininun vator r-boorption,
 

the vater nboorption og thia nateri-nl in 24 houra joine 

about 10%. The 2oraldehydo-hardonod protoin, althouah 

theomoplactio, recuired 10% or nrorwr.tor content and 

rather hig" noldina preoouros. Theoe nano cuthoro later 

reportod thnat a for-_,do!ydo-iardened -,rtoin powdor 

could be prepared wit-' noioturo content oI 5% or loan 

and olasticized vith othyleno elycol, glycoroll or the 

like. Brothor et al concidorod none of t..ooo placticizoro 

entirely antioactory, although they did pormit tho pro

toin plastic to cone finichad from tho die. They st-ted 

-
that fornaldohydo-hardonoad ooybo.n protein is t'orno

plastic, and muct b3 chilled in t'ie dio unCeor proooure 

before renoval, yot it Coon not flow reoaily onough to 

allow noldine injoction dioe. To be of connorcial 

inportanco it must bo ndo to work in injectors or be 

.ondored augiciontly t-orngootting to allow removal from
 

hot Ciao.
 

Tho high vator aboorbont propertio of ooybean m al 
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rooult :ron tho irone.noo of protoin and of other solubl. 

matorialo ouch co ou-aro and oalta, In ardor to nininizo 

tho in! luonco ol the soluble conatituonto of ooybonn meal$ 

the coluble nonprotoin oompono~to woro roaovod by leachina 

at the ioolootrio point of the 2rotoin, .io atop was 

followed by a Noat troatnont to donaturo or incolubilize 

the *orotoin in the noal. Tho donr.turntion proooCuro uns 

.carriod out by .juotin- t~o noloturo content of the neal 

to about 20% andi %3atizo umdc!;r ?roocuro at a tonioraturo
 

of 225-250OF :or two or throo :iouro. iloo of intorast
 

in this co-ootion !a the wor'- of 3ac.ol, 3ull, and
 

Ioipor on the influence of -ot cnC molaturo on the proros

sive inoolubilization ofh the protoin in aoyb .n noal. 

Tho roidual incoluble mol th'torenains altar the 

extraction o! the Proton can bo usod in placo of tho
 

loachod coal, It io rolativoly free of wztor-ooluble 

ouCaro a~nd oaito ay cont.-in 35-50% o. irotoin. Thiamn 

by-product, rooultinZ lro-i t':o in&.otrial isolation of
 

soybean protoin, can ba c4dad to to .henolic rooin if it
 

ic first hoat--on:.turod, and ito uco in -lasti o Lo more 

prrCoticl tan t-o loaohod noal. 

50
 



Loaoaod, denaturod ooy*.3cn -oal can bo uood to roplaco ao
 

nuoh as 5-10% of tae mnote exnxive phonol formaldehyde 

rooin without altorina anpreoiably tho ourin, timo and 

otrontth of tho Zinal plc-.otic. Snco t:o =-al contains 

only abouat 50% protoin L.d tho :oncindor ia inart non

plactic m.to.-ialt 10g ol t:o nea ruot bo uood to ropl-oo 

5% of tonin and 5% o! wood flour. "/Ion soy'oan noel io
 

uaod to replnoo wood flour, a atri incly lar,"o incronoo in
 

notoi in i:leaotic !low o: 4.:2a noldinC.?oveor a-nd a Cro
 

flowing oldinc pordor zay ho producod by wina 50% .3oBin, 

40% wood flour, cnd 10% troated zocl or protoin reoiduo. 

Ouoh free-flowing noldinG powdors aro uauclly nado by usine 

00% resin and 40% wood flour. 3inoe the introduction into
 

the noldinjncuatry of eloctronic prehoatina ovuipnontl
 

molding powder or profonra aro unually proboatod bofore
 

noldinT'. 

lottor flow c!:aractoriatiocs tnn are found in ot!-or h2ia.
 

impact plcotion re clamed for thic .roduct vwoh con

taino cho-vod tiro cord or macoratod cloth a a fillor. 

About 90% of ta actorial io "3oing sold in 'rofor-id 

diako, ouboao reotangles, and other otandnrd ohac-as. Tho 

pre.foro n-o out f.ro a'Aootod otoo- Liatoad of boina pro
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pnred by 2orina 	preoooo. It in cl-limad '*'-t tIO OZcoP

tional flow pro.iorties ol theooe corpoun's nakes it poosiblo
 

to obtain moldo46iocoe froe o- rooin ooera;tion uoing
 

noldinc tonnoraturos and presoureo lowier tLn thoco
 

ro.uired to mold 	 coaiontional io,-ot con~oundo, 

Textile Fibreo. 	 3oyor hao rocom-onZoe tho noo o2 a oakly al!z-lino olvont, 

ouch as 0.1%eodium culftte oolution, to oxtr.ct the pro

toin and ho indicatod tiat t!o simplor not:o,-o arc the 

moot eatioaactory. Mo roovtin protein o:traoct in 

clari:i d and t~i orotein ,recinitatod ;ith aciC. ,.uoth3r 

inportant point, coldon montionod, ! a "on enphn.oi"zod by 

3oyer ot al, nznely, t:.-t t:-o -raciitatod :3roto.in muct bo
 

thorourchly uas:hed 	to olimin.-Ate undooircble colublo ozlta
 

and oxcoon acids, Van protoin curd is finally devatored 

and dried -rior to use in proparinC the libar-opinniC 

solution.
 

Tao spinning oolution is ordinarily "'reparod by dio3olvina 

tho protein in cruotic ooda at a hirL p3 to -roduco a
 

striney, viscouo 	solution. Cline, for oxcnplo, .a
 

describo tte use 	 o-&n 1C% colution of prot-oin -"vinC a 

pH of IfP.5 ande Wormoll Ot --l a 15A solution of tprotoin 

diosolvod in a 1.4% cauatic coda solution ca . suitablo 

opinnin, modiu.
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3ecanoo of the tendency of soybean protein to for= Gels 

at hish concoentrations, it is diffleult to prepare solutionb 

havine,more than 12% of oolido. The reador is toain refer

red to viesooity Curve - which onphsiuE tbe neoeooit7 for 

utinc low conoentrationo of unmodified protein to propyre 

Coybeon protein aolutionosolutions that will not -e1. 


preparod et pH valuos noar noutrnlity will oi.thor itil to
 

for fibroe in tao ooaGulatina bath or will form fibres
 

too wok to handlo.
 

is theTho final atoe in tio n=.nu-eaturo of protein fibro 

spinerettes intooxtrusion of the protein oolution throuth 

tho acid-coaculatina bath anc. collootina the filaments on 

a reel, bobbin, or in a cpimnin pot, ltouC-h :-.cny 

variations in ?rooipitnt-na bzths ate .oooiblo, they uoa

olly conoiat of oulfuric ceid, formldohyeo, mad a colt 

oulfato to Coailitttouch as oodiu ohloride or ,luiiiun 

trotchine during and afitordohydration of t4o filleett. 


tho filacoaIul-ntion to orient the fibroo is i .portrntan. 


ovar "Godotmonts are iulled throurh tho acid bath unL 

wheels." Cline hao omphooinod the L portanoo of otrotchini 

the filamenta in tho ooaiulCtinC bat% followod y furthor
 

orient noybvn and otherctretohinc in a hot oalt bath to 

?rotein libros.
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Tho after-troatont o: tio fibor involves a rolativoly 

long i:noroion of t:-o fibar in a fornmaldohyde bath to oet 

it complotely, cutting it into t'o dosired otaple loncth, 

and drying it undor controLlod hunidity and tooporaturo 

condi tiono. 

Mo.Fcon. 
O..abilizers. 

During World *Jar II, t',o Cr3:.tor 3art of tho isolatod 

ooyboan protoin 2.roducod g.o ',ydroly:od and uood by tho 

U.3. iHavy to proparo r oaz for fiChtin- oil and Czgolino 

firoo on var ohips. i. ooyba-n protein oolution .ano Cod 

into a -tator otroa anC .ho =ixturo convrtoe. into a foam 

by moans of an aorating nozzlo. 

,Latzor docribod a 2rocooo or tho contrcllod layrolyoio 

of 9oyboan and othor .irotoins :ith li-_'o to )roduco a 

hydrolyzto ;avin-; 25-50% of to nitro:fenouo conotituonta 

in tZho 2orm o2 poptonas. leutral acueous solutions con

taining 1i of tho hydrolytio _roduoto aro recommond d for 

producinC air-foon for liro oxtin3uio'in5 purpoooo. 

Taoky and 
Roioisto nint 

Adhesives. 

Thoro is aloo a lmro ndahosivo fiold in "ioh 
U 

Cluo coating aunt dovolop adhotivo p.roportioo 

a bond vihon it is moistanoe. iith wator. 3uoh 

a driod 

and form 

'.':oaivoo 

are called "roroiotonina" or cuumint ndheoivos. 
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3urnott ot al havo s:o0vn that, under cortain conditio'i, 

oybocan and peanut 2roteins can be uood in tho 2ropr-,r.tion 

of tolxy and romoistinG typon of dchouivos. For taio pur

poo tiey used a irotoin that had not boon oubjootod to 

modifioction but wnta iroiared under conditiona ainil.r to 

thoeo previously docoribod km the isolation of protoin for 

fiber spinning. The icolatod irotoino ,.re uaed in the 

form ol hydratoo. The protein hydrates are cc. ablo of 

binding inoronoin, wnounto of wnter, fron ,%.jout 30-70% by 

voiaht of the )lO an tho pN v:-luo o% tho system is inoroasod 

from 4.5-0.0. The prosonco of wator in excess o that bound 

by the protoin rooaulto in dicinto~rat-on o? tho protein

w:ator syoton. The protein hyC-ratos are taciy and at pH 

valuoo near noutralit- have viccosity cha.rrotorietics that 

anko taen ouitable for uoo ans udhoivos. Gurod tape pro

parod from poanut protein hydrato has relatively 3ood 

adhosivo sttenath. ^iailnr Cate for soyboan protein is 

not availablo. 

It i too orly to ovaluato thin dovolopnont fully, but 

it in iotontially iportc-it bocauao it opens an entirely 

new fiold for rhich vocotable 2rotaine. lvo not .aeroto

fore been oo aoaidrod nultblo. 
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Printing Inkso, Sch1utzler and Oth=er inveotiCnted the utility of ooyboan 

irotoin dio-)orsions to vohiclos for Cio tyro of printing 

inlr iich is ccuooC to set to a :-ard nilnby -,rocipitation. 

A ouitable dioparoio _ i"~ rz do up of 130 parto of coybo"n 

protoin, 40 )art oZ Cuanidino carbonate co the disperoing 

agent, and 502 iarto of diothylone glycol. 3ctiofcctory 

printing inks iiich iero hordoneC by enpocure to steac 

viore _cdo with this dioporoion but the .-ictor resiotanco of 

t.o prints wao poor. Mia doeect wzo cttributed to tho 

hiGh clkalinity of tho diporoion contC.ininC the largo 

amount of Cuanidine carbon-to. 

The boot reoulto wore obtained whe-n the ,rotoin wios 

cllooC to roact with paroiormcl ohydo in the prooenco of 

catolyoto, ouch no cluniniun chloride and zinc nitrato, and 

of protoin-2recipitctinr ron.onto, ouch co phonyl icothio

cyanate and ihenolio resino. The q*-cracteriatic proportioa 

o thooo aio-ordno ineic to t'-.t ouch, products :iay b3 

uooful in othor fioldo. 

Mioccallonouc 
Useso 

In tho rubbor induotry, coybon protoin is usod n a 

otabilizor of latox omulojono. 



Goyboan flour in mood as a core bindor. For example,
 

Lane has Concribod tho iraparation of a foundry core made
 

from core sand, unoxtracted (i.e., full-fat) soybean flour
 

and Canolino-inoolublo pino wood resin.
 

3oyboan !lour io used extonoivoly in the manufacture of
 

agricultural sprayo. It aids in diopersing the active
 

ingredients durina mixing and koops thon suspended whilo
 

the asray mixture do boing applied. Soybean flour givoo 

excellent Tottina Zualitios to the spray mixture and assures 

oven, offotive covorco with a minimum of wanste caused by 

run-off from onrayod surfaces. It binds or aticks tho
 

active inCredionto firmly to tho leaf surfaces, this mini

nizing ronoval by rnin, yot it permits easy removal of
 

sprayj refiduao durinG waahing oierations. Tho flour must be
 

ground sufficiently fine to avoid clo:ing the spray nozzloo.
 

For the iroparation of orohard sprayo, Eddy has deooribed a
 

stock 03% oil emulsion which contain& 10% of what he calls
 

a soyhoan Col. Tho soyboan -el is ropared by cooking one
 

part of to soylban coal with a'out 150 arto of .rator, 

after hich abDut 10% caustic potash, boned on the weight 

o! tia noal, is addod with oonotc.nt stirring. The stock oil 

omulsion in diluted to P% 2or une an a opray.
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,ho limolouri in.otry uooo botw;i coyboan flouar rand 

iaolatod 23rotoin in tho -)ro,3rtion of ~~n ~i~r 

for no',:iclt-coatod :olt. Goybean -4rot6ib is also ucood 

an a oneulcifyinr, U-ent .2croils in '2eltbcoo floor 

covorina zirn~alaturo. 3oc:io o2 ito aealima praporties, 

it mao:oo r.: ielo-l onuloio -primer oa1or ovor naphalt felt 

jo2ore inrococaiar, oilo oreo v.:pliod to finish t:2e t)roduct. 

The hiC;i tolorcnce of coyboam -irotoin!or Zorzaoldeoiydo 

rickoa it . docirailo inrroCiant of loatt-er finishoo viiore 

vaotor rooiotz:::oo to rocuirod. 

The uao oZ coyborm flour in ti3 ,nro~ar~tion of ciaphalt 

emulcions -'-c o-oiatomto2 'z- nnoet al and Taylor. 

The nato. oZ I" o lcattor ouC.:ooto tho use of such 

oriulciono !?or *-i~WCIy-q buildina, an ai -3int,.watorproofing 

ictorial, 2loorinZ mr-toricil, etc.
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DMUH.IING J.iD GUIM -COIrRY. 

Fats and oils obtzninod eithor by oxpollor procoso or
 

from solvont onti-notion contain a varioty of non

glycorido conotituonto. Tio conotituonto dopond upon tho 

noure ol raw rn=torial, nothod o! extraction, nannor of 

otorage, otc. Tho =on-Glycorido conpononto oorioo 

onrrnlly o:Z p'oo)hatidac, cai_'bo'iyeratoo, storolo, otc. 

Not all tho contituonts aro undooirablo; lor inctanco, 

otorols li'-o 'ocophorolo .ro holpiul in tho irovontion
 

of oridation ol tznoatur.atod constituonto of vo~otlo 

oils. Thy act as anti-oxidants.
 

Mhoophatidoo ars baoicelly acoociatod with f.ats 
anc oils
 

in rany plant tioouos. Thoy consiot of 6 poly-hydrio
 

alcohol ouc:1 an Glycorol or Lipoqitlo entorifiod with 

fatty acids a"'a'lc with phosphoric acid. Tho phoo

phoric acid is in turn cobinoe with a nitro-on coupound.
 

T'o co mon phoo-:2c.tiCos aro Locithin and Cophalin and in 

tioso phooiatidoc ono Z.?tty acid radic.l is roplacod 

.iita phosphoric acid. In Co'halin, phosphoric acid io 

ontori*iod with UyCromy Zthyl A.ino or colanino. In 
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Lipocitel ta2o oo-No1 oor-ionant is not Glyoerol but 

Inooitol. Viia io howT it f.a storifiod with atty 

cidoo ?hoophorio Coid, Galctoco and othor oubotanoos.
 

Ooboliiold ot al ba-vo raportod tibct-criben oil phoo. 

nhatidoo oonciat of approx-intoly 29% Looithmn, 31% 

Cophctlin andl 40% Inooitol. Tao LocitLima aro Conorrlly
 

cotono alcohol oolublo and tio roneinin., Coiba1in ance 

Inooltol phoophatidoe nro inoolublo. 

The li',ido comaiot o~h tu7o Crouga , vim. t:-e ihooi:2.tieloo 

an~d t:,o corobrociocoo; t~ao for:!er Croup ao-ntaina theo 

lecithaina, coe)%alima and up'hinConyolins and tz'o ln.ttor 

croup, 'Whe ph~onooino endi _Zoracino. The looit:Aino ndc 

coophclino contain mitro~an aad phoo-)horouc in t:2o ratio 

oZ 1%1. T1he cabrodidee contain nitro~on but no phoo

phorous and contain n carbohydrato Croup. Jcoorcim- to 

.Ccufncann, crude noyborcn oil co.taima abou~t 1.0% ?hoe

phatidee an oonotinoo no uuc no 3,2%. Loithino and 

cophalino c=n *_o oGecr:_toc: fo tae f'ntty aoid elyceridoo 

byr the.ir incoluboility in aoetona in w*vic!2 Ztt' -aid
 

Clyooridoo -- colublo.
re The cophalinoa re oparimaly
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oolublo in ethanol W:2ilo tho leocithine ara more oolublo. 

( acloan and Meclona 3pio~Cl-/.dolf, Wintoratein and 

tfintoratein, Grun, 3ull, "ording- and Androo, Bloor, 

LIarley and Goe, and Otanloy). 

Locithino contain ona moloculo of phoou'horic acid. One
 

of the hydroxyl -roupa of tio phoophoric acid molocule
 

ia in turn_ ootorified with a molecule of cholino ZOC 2
 

CH21(C% )S--7. Thoy exiet in alphe and bea forma. The 

alpha form in optically active no the contral carbon 

ato= in oyr=notr&o. Cophalin Cif-oro froc Locithin in 

0oo=mtiinG 0 colcmino Group or hycroxyothylamino 

uHC 2;IM)9, 'v1±ch is nttac-'od at tho hydroxyl (group 

of to phoaphoric acid. "oolloy ioolmtod an inocitol 

phoaphatide which :- naeod lipocitol, -ihich led Folch 

to concludo th.t cohalin.ia a mixturo of inooitol, 

phoophatidyl-oorino ,nad a more unonturatod oompoud whioh 

containo no cr.ino acido. 

Mhe fatty coido of 2hoar-,i'tidou appoar to ba r.ay.
 

Ulbator roorted iodimo valuos of ixoed fatty aoido of.the.
 

acetone inoolublo phoop.atido an 9m2.5 ine4oo7ing the
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prosonco of roro unsaturated acids than 016e, Sumuki#
 

.yokohamic Isolatd a erioes of locithina as bonides 

yielding palaltolinoleo-a-loithin, oloolinol.o-a-locithin, 

and dioloo-a-lolthin, atc. Bolozekskii and Kornov identi

fled linoleio and linolonio acid phoophetides in greater 

ouantities in the cotyledon lecithin than in the embryo
 

lecithin.
 

filditch and Pedelty oxenined the fatty acid conetituento
 

o2 tho phoophatides and observed thnt "tho ranao of fatty
 

acids in e'-o n
phoophatides in rualitatively the cane 


that in the oorreonondin, glycoridoe, but tho proportions
 

of the componont acido vary widely as between the two
 

typo. of ceed lipids. Taor n~ted, he conoibtent occur

ronco of 3 to 6% of highly unnaturated acids of the C-20 

and C-22 serios which are not *)rooont.in the glycoridos 

of those oilo, and aloo that the phosphatidos contineod 

larger porcontagoo of saturated acids than wore found in 

the Glycorides. They also noted the prooonce of .V'., 

ciable anounta of highly uoaturatod doido of 4ig5.aY 

nolocular oght than C-10, the nrosonce of which appoarO
 

to be oharactorintic of oai x.ataax phoobal dea and 
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Mho Prooo6' 

DGs07), 

pointed tL-t, linoloic Qoid l. thenoot aharactoriatio
 

acid of coed phoo.ihatidao,,
 

T.oo € o.ictry.of ph.lophotidga of tho coybeon neodonuoh 

more invoo tion,s Tho nunborand nature of the phoo

phatidec aro un!:own. To retio'of thooo oonpononto to 

ono anothor or of t-'-o variability of thio,ratio in 

4iforont ooyaaron oils noovinvootidation, tcoy tro not
 

corxlotoly ro:-o7od by tio --notm prooeoscs. Du6ort ob

oorvoo th:t "bnooe on tho i ,erooata~o of linoloic 

acid in coyb'con ihoo-hi.tidoo -nnd Cle fact that only twio
 

fatty acid grouna.oro irooont in a givon oator, th-ro 

c'-culd ba a iooibilit;, of iool.tina dil'inoloo-oubotitutod 

nhoopl-tidio optaro. 

Crudo coybnn oil recoivod fron ho oxtraction plant is 
otorod in dcy tank (00). o oil i3 :omoCozjOod in th 

tank b:, roano of a olov opood ia=ddlo c:itator. Lftor 

uni'orm rixina, to oil in pup.)od into a Zoator (3%2) 

'vhoro tho to.-,or.ture in raico to a-out *OSC. This oil 

is .mro t:-rou.o a cartridao typo rutoriatic filtor (Ol), 

"o loavoo o:' v:oh aro orlior pro-oontod with filter 
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aids (303)# kniy a pondoC inluritido ato 'iuc ooparato.
 

oil id thon otored in a aocond ource tank (304).
Thd clean 

Mae oil io ton pumpod t.rough a notorinC dovicoe into a 

mizine unit whoro nuro diatillod water, froo from caloium 

tCrou3h a ne!torint devico.contamination, io pum-.od acain 

On coo occaciono roaConto'suchi as o--ll qua titios of 

Zydroaon Poroxido or cotic i.nhydrido aro aloo rnotarod 

into thio ni:ninC unit. 2rom tho nining unit the nixturo 

of oil t -7ator .d roaonto -o t:rough a nooo-d ',oat 

oxochnnor (300) -ihoro t o tc :.,tre is furthar raiood 

to about 700C, Tho -,ixturo io thon -:aoood t;rourh roton

tion tcn:o (309) vt.oro t:'c diso'olvod cuno in in'tor and tho 

doCunod oil u.doroo -ontlo lbroakl. 2ro t.ooe retontion 

tan ro t-. rituro is puna,-d into a Contrifuao (310) rvhoro 

teo oil io coarat3d 1ror, t!-o hydratod rixturo of -una. 

J.t thio otago tho ruo r.ro till in diluto colution and 

it will bo nococcary to 2:rthor trort thio oolution with 

bloachii.% roa: .nt to ro&Lco tho colour. Pron tho *lot 

Guma Tank (315) t:,o olurry io'pu.npod into n Mcoh Drior 

(310) which in unCor "i[h Vacuum. 3ubotantial Anount of 

wator io ro-ovod in t:Ciio oorction nnd zurio containing 

20 to 25% oO v7tor aro pumpod into Product :ioldine 
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Tanka (317). At this ttae the Lecithin is in pro

ponderant qunntity. Thia Locithin is nood to fortify 

Goyflour intended to bo uoed an hith protein product, 

The oop.rated oil from tao Centrifuae (310) is collected 

in 3urao Tank (314). To oi1 in pxpoe into a Eocntor(312), 

into a Mlch Drier (311) to romovo all the water and make 

tho oil dry. Vio dried oil io then punpod through a 

Cooler (313) and puupod into Doeumad Oil Stors5o Tank. 

For the production of coy-locithin with 65% phoophatide 

oontent (Acetono inoolublo) and 1% :oicturo free oil 

oontainina 2% phoophatidoa an. with the addition of 5% 

fatty acida to onoure fluid cuoiiotoncy, ng-:roxim-tely 

90 Z,-o of oouorcial locit:in. product io obtainod from 

a-3roxin.atoly 5Y2 Tone of crude oil. It io important to 

noto thnt fnt7 acids are noceconry to make dehydratod 

leocithin and accune fluid conoictency for bettor handlind 

(Podbiolnio). (Z a ronoo: JAOC3, LUrob 1957). 

In a prcor oz tho outimin otop Woro obaor-,od that in 

nornal dogu-,ina yrococooo not more than 90% of locithin 

could be ronovod no.vactor deCwuminZ atop vill not cooalo

toly 4ydrato locithin. In tho normal prococoos, tho 
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remaining lecithin has always been rem6Ved in the 

subsequent alkali refining step along with the free
 

fatty acids. Hayes & Wolff (JAOCS, Vol.33, 1956) dis

0.1% of Aestio Anhydride incovered that adding about 

the crude oil before degumming would help the lecithin 

to 'break'. The subsequent addition of degumming water 

would cause all Lecithin to hydrate. This could be 

removed in subsequent centrifugal separation. It was
 

observed that approximately 66 to 68% acetone insoluble 

Lecithin was obtained. The yields reported were quite 

interesting and relationships have been established 

between the degumming process and deodorisation losses. 

It was found that the deodorisation lossAs showed a 

gain of 0.08% after the total degumming step. 

Further work on this degumming operation shows that
 

with 3.5 gallon per minute flow rate, the product 

obtained was containing about 70%acetone insoluble 

(dry basis) and the degummed oil is as low as 0.11%
 

Gardner 'break'. At a throughput of 2 GPM results 

superior to previous centrifuge operations were
 

obtained with water treatment considerably below the
 

normal figure of 1.6%. (References JAOOS, June 1956. 

Podbielniao et al).
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Tho coorcial locithino aro of six co-on graloo. Thaoo 

t-rot lnotic-conoicte-oy unbloached, cinClo-lolaohod and
 

doublo-bloachod locithino and th3 fluid-coniotoncy un

bleachod, oinelo-blocobod and -oublo-bloachoc locithinoo
 

Loitin with a hiCh fatty acid content v-o elvtyo fluid 

or nourablo. Fluid oonnicto-cy locithmin La mado by 

acdin- 2 to 5% Zatty ecido to plaotic conoiotonoy loci

thin. Tho oil-froo locithins aro ric,do by oxtrectinc tho 

-oybohn oil withcootono, rn- dryinG t;a rooiCuo tmdar 

vacuum. T7o lihit brown Crcnulao !raop voll. o-y or.uloify 

or-oily ovo-: in cold Uato- -.to fora highly dio-3orood nd
 

tranolucont amuloiono. Oor-l3toly oil-froo phooihL-tidoo
 

will oxidclio diocolour n-nd bacoz.o unoz-ulcifinblaNand in

colublo quickly on ox~oouro to a.ir.
 

Co -oroial looit: in in brown to light yollow in colour.
 

It bao no odour r'nd hio a bland taoto. It in oolublo in 

aliihatic and cromr.tio hydrooarbono. Liho othor cnti

polar ourfaoo-aotivo aroato tlo phoo~hntidoo cro inoolublo 

in polar Dolvonto liko ::otonoo, :prtioularly cootono. It 

in inoolublo in wator. '.,:,btod n'ove 1000 it Gradually 

oxidimoo, darkono ozid dooanpozoo. 
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In Lot wator, alif:itly altkali d. to a pH abovo 0, tho 

oulaiOication o: locitzin in rodily accorplichod. The
 

enuloiono ars uood in tho textile, tunninm, cnd coonotic 

induotrios. Thoy .zro oubjoct to microbial attack and may 

be -.rooorvod by addition of hydrogon paroifhe, bonzoio 

aoid, hoxamothylonototramino, etc. 3y uoing a ouitnblo
 

oynthotic dotorgont, locithin onulciono roay bo provontod
 

from prooipitating. Ao ito co-otituont .,.tty acid-con

antinolz.r Cio 

atro)ly lpobnhilic lat-lcrv-in- fat:, ccid nuclei at one 

onC o.' t~o riloculo, an.C tao stron-lyj:-y.rophilio amlino 

or phoo-3horic acid nuclei at " op-ooito end, ooybean 

locit*in i Cavottin- Qtont° It iv an odiblo intorfacicl 

active n o:-t in th. food inductrioo. Tho hydrophilic and 

lipop!ilio arou:-o in ach molecule aro balucood, and hence 

it in an excellent lottinC Caont even in oil cyotera, cuoh 

a chooolato , painto, ... t-. inLo, tc. Obviously 

oonmmroii locithin '-ac t'o atructural &,':.oto of an 

anionic intor2aco modifior.
 

t.inin" phooi:2atidoo nre .2recont::t, 

- ocithin L-ay be oponifiod rowdily by boiline with aquoouo 

baooo. Acid hydrolysis iroCucoa froo fatty aoci .to yiold 
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a oto~l'ino li_'O Colid. It o_1=,ot bo oulfo:-ntad oaily. 

3y onoorvnti=C.7r-itor-nolublo clyoa t:-.y -,*ay :3o ma~de oil 

aolub10. 

1k:20MUti, C2UZ1.L C0idPOOITIO01? SC-Y L;,CIT:I!T. 
(Zofjoano cud 3oyboon -3roducits .. X.S. I4~rkloy) 

Cono tituont: Por cen~t. 

Phoophatidylcooino 
 21
 
P!oa!itidylot'-nolannro 0 
Piaoo-)icticoo, otla.ro 11
 
GoyLo-^ oil 
 33

0torolo, tocop*Iarolo, oto. 
 2
 

r~~~ctoo, Iroo 5 

Total s* 100
 

Xoo3oy'jocn 1ocit~in o:2ould jo ocliblo, Toloaomo nn" !2y,-inic 

,Or,..& A i: "Uo ry. 

Lddol to llar rina in onall iorcontq~oo, it catwoo 

c*GQ1r2tjon of-zOioturo zz1'ravantoa "bloodinwo". It 

countoracte ao-3ttoriL_, &arino'fryi-C;. In ciooolatoo, it 

0hao n oxoollozt w'ottinC notion. IAt 1% aeldition to oil, 

it caucoD a rcvid O:1flnbi~ictioz *o. Cio -oil cad oyrup 
dtiring, coo~lin- raoltizC in ornoothor, riocior and mon

otioL-y iroeuot.. In ice czoccaz, it guaOtIonoa n an 



emulsifier like egg yolk or glycsryl monosterate. It 

represses orystallization of lactose in ice sream con

taining high serum solids and produces a smooth product. 

In pharmaoeutieal products it is used a source ofas 

choline and inositol. In cosmetis, it is used for its 

emulsifyng, emollient, penetrative and absorptive 

properties. It improves the stability of lather in soaps. 

In paint produots it is a dispersing agent and improves
 

their levelling and brushing qualitieS. In rubbers, it
 

increases its tearing sttength and acts as an anti-oxidant.
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PROCESSING S0,v3=1 UIL ITh -11: 
QUALITY ADIBLE P. UT 

Introduction 
 The problem of the il~vour stability of soyboan oil has
 

been given wide publicity by -cny investioators. 

Soybean oii and other oils containing poly-uneaturated 

acide8 such as raposoed, safflower, corn, and cottonseed 

oil all develop off flavourg which are describec as
 

buttery, beany, craosy, musty or giohy.
 

All of the inveatiactiona conduoted on the flavour
 

stability of soybean oil 
 " leC to the -anu.aeture of 

proCucts of improved quality rotardleso of the componi

tion of the starting material. That the flavour 

stability of products of 6ood conoumor ecceptence can 

be manufactured from soybean oil is ohown by the 

increased utiliastion of this oil all over the world.
 

* 	 Warold sicat'in;, Proo. .aVedish i:=rCrine Induotr 4 at 
IFL Ponfcr.nce, Stoc'olu, 24-2% idy, 187. 
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To achieve the highest quality produot it is neoeasary 

to start with a good quality crude oil. The oil must 

then be proteoted from oxidation as much as possible 

during prooessing. Oxygen is absorbed by the double 

bonds of an unsaturated triglyceride forming peroxides, 

The peroxides are deoomposed during prooessingg refining$ 

bleaohing, hydrogenation and deodorization to form 

carbonyl compounds are volatile and are removed during 

deodorization. Others aro non-volatile, odorless, 

tasteless and remain in the products after deodorization. 

The non-volatile compounds accelerate the formation and 

deeompoaition of peroxides during storage of the ppoduots 

made from the oils. 

Metal oontamination should be avoidedp particularly 

copper, since copper has a very pro-exidant effeot on 

the oil. The replacement of one brass valve with a steel 

one is said to improve the quality of the produot 
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manufactured. Conper io known to have cdvoroo ofroct
w. 


on oilaow V:i.on ,nrouentin trce o=ounto.
 

Lletal sequoaterinC a~onto ouca ac oitric ncid c.nd ph1oo

-3horic acid Lioce uneer ta.o .-. o:-er cocditiono can rodtuco 

t:~o effect of _-etallic tracoo tc .iidc. ounto. 

1'ooC~&zc~ric~turalCr:zciz~ticof It:.e Uni '.6e'
 
ilationo 3'eci~dicztjono 2or ooy*_er.r. oil
 

BeaentiacjCo: ;Iooition rz:d tlity k7cter3 

a. Idonti-ty c."recteriotico
 

~ 3a.nliaii zZ or3.~~ ~ Vau ' gm) - 1Cg-;C8
4. Ioaine Vclue .!ijo) M 1.6%:)Y w:t. 

b. qualityr characterictico
 

1. Colour
 
C~aarracteriaticu of Leoi :neted 7rodvct
 

2. Odour &=I- ?noto 
C.a44rrctriotic o eccoi,i& ted -:roC~uct =~d 
free -Lro.- :.orei ;n ac rc_-cid odour r--,'.-.oto. 

3.Acid Vcluo ';-a::.Levol) v:~ - 018-z.:o. 

4. Perox~ido 7,a!"o Ltx.Levol.) LvtG. per :.!Io w 10.0 
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0. ontaminates 

Max.Level
 

Matter Volatile at 1500C 0.2% by wt. 
Insoluble izpurities 0.05% by wt. 
Soap content 0.005% by wt. 
Iron 1.5 mg/Kg

Copper 0.1 mg/Kg
 
Lead 0.1 mg/Kg

Arsonic 0.1 mg/Kg.
 

Fatty Acid Soybean oils have a rather wide range in fatty acid 
Composition 
f -Soybn composition. The composition is influenced by the 

oil. 
genetic characteristics of the variety and the olimatlo 

environment during the period in which the oil is
 

elaborated in the seed. The usual range in fatty acid
 

composition is shown.
 

Analyseesminimum Maximum 

Saturated Acids Wt. %
 
Myristic and Lower Trace 0.5
 
Palmitio 7 11
 
Stearic 2 6
 
C20 and Higher O.
 
Total saturate 11 20
 

Unsaturated Acids Wt. % 
C16 and Lower Trce I. 
OleiO 15 33 
Linoleic 43 56 
Linolenio 5 11 

Tetal unsaturated 83 90 
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Pretreatment Crude soybean oil contains from 1.5 to 3.0%of mixed 
of soybea 
oil ricr to phospholipids which are economically recoverable as 
alkali 
refining. 'lecithins'. Crude degummed soybean oil contains not 

more than 0.9% of the mixed phosphatides as indicated 

by the specifications for this type of oil. These 

ingredients remain in solution or as a fine colloidal
 

state in the oil as long as they are anhydrous and the 

oil remains dry. When wetted they swell and form gels 

of higher specific gravity and separate in flocculant 

partimles that can be separated by gravity if the oil is 

allowed to remain acquiescent or they can be separated 

centrifugally. The mixed phosphatides are economically 

recoverable as 'lecithins'. 

There are essentially two systems of pro-treatment in 

use in the edible oil industry for the removal of the 

gams present in soybean oil.
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l. sipecific troatnont wita reoval and ioolation
 

of tho guns for alo as lecithins.
 

B. Conditioning oZ the Cums with acidic adcitivoc
 
tao ooparation
,ollowed by alkali treatent wit: 


of tC.o auma in to socatock.
 

W.ilo both mothoodo can jo betch, ooni-continuouo, or 

continuous t the lirot rnothod is gonorally more practiccl 

Tho cocondwhen accomplio:oL in - cortinuouc manner. 


method is precticol for be*t, coni-continuouo or
 

continuouo procooos.
 

Alkali Soybean oil can reaeily be alhali rofined from oru.c,
 

Refining of
 
Boyboan oil cruee-dogummod or edoGircd oil oince thore is ao de

colorization .uroblom. It io highly rocommondod that
 

the oil be pretroatod with 0.1 to 0.2* phoophoric acid 

or citric acid beforo al:cli rofining to romove the 

metal contamiateo, particularly iron or oopjor, uhich 

are dotrimontal to tho flavour and oxidative stability 

ol the oil. Tho protroatzant also aido in conditioninG 

oi tho gumo when alkali refinin& cruo or crudo-der..lod 
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oil, Most refiners in the United States do not previously
 

degum orude soybean oil if the gums are not to be sold as 

'lecithin'.
 

The 	speoifications for 'refinod soybean oil' are:
 

1. 	shall be olear and brilliant at 20 - 30"C
 

2. 	shall be free from settlings
 

3. 	 shall not oontain more than 0.1% moisture and 

volatile matter using the AOCS offioial method
 

oa-2d-25.
 

4. 	 The free fatty acids shall not be in exoess 

of 0,1%. 

5. 	 The colour of the refined oil where bleached 

according to the AOCS method oo-8b-52 shall 

not be darker than 3.5 red and shall not 

have a predominately green oolour. 

6. 	 The flash point shall not be below 250*C 

as determined by the AOCS tentative method 

oe-9b-55o 

Ratoh Alkali Batch alkali refining is praotised only te a limited
 

extent in the United States and is the older of the 
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methods used. There are two types or methods employed 

for batch neutraliiation, the $weak' lye and the 

Istrongt lye methods. 

batch refining kettles for alkali neutralization-nt The 

In the United States are essentially of three designs. 

they are designed to hold approximately 27.3 metric 

tons with an overall capacity of 32 metric tons to 

allow for the addition of the alkali solution. The tank 

generally accepted is open-type having a diameter of 

4.6 metres deep on the straight3.3 to 3.7 metres, 4.0 to 


side to the top of a cone pitched at an anglo of 45o.
 

The kettle is equipped with an agitator having a variable 

speed drive and held in a stop bearing at the bottom, 

The agitator oan be operated from maximum speeds of 

30-35 rpm to minimum speeds of 8 to 10 rpm. The 

agitator shaft is equipped wLth 4 to 5 sweeps which 

may be single or two-bladed paddles. These are 
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arranged to &void intornal obotructions in t&o ktottlo 

such as coilo t...c owing pipes for dec=tin3 t'-e aeutra

liued oil. The oweeps are crted at an we.,lo of .6 

so toat liquid i. tho tan: in-u,.Z. upua.rd. They are 

tsually constr-cctod of atol late about 10 cn wido 

and 1.5 cm thich. Tkoy arc boltoC. to the ohalt at 

about one motro intor-talo r.:. "docitning et tao top, 

projoct redially at 'C*. ThOrO ic uoually . bottom 

oweep or plow vdich follows tho cono &=d it is oor"only 

widor r.rd o-orter t-=n tae othero. Thio swoop hso t:e 

function to -rovont cettliug of te oonpotoo' in the
 

*one v:2on the agitator iu rtnnin et low o--ee.
 

The nottralizoc oil nay ,orooved ty dacantation
 

throut;h o draw off *i' oinC -.,ipo az" the oocpotock may 

be r.-oved throudh, a 1C-2C vc.!ve loote at the tip of 

the cones The w g ;vpeis au2y'bout 10 on in 

ticotor. 
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The kettle is hoetod by stomn coils arrengod in two or 

three individual banks which on.ty the condensate 

through a couon atowm, trap. Tlo steam pressures in 

the coils in about S - 11 atmoopheres. Vc cone is 

provided with a stay-belted steam jcoket which is 

heated by exhaust otea, at 1.3 - 2.0 ateosahors. 

In Euro a and Asia thore are two types of rofininc 

trnks o-iploye: the open type =_' 'Wao cloned vccuu 

conbination neutralizor-bloacher, The goomotry of 

thooe vosoo]s deoendo upon tha dooicner. Gonorally 

thesoo vessels are not cquipped vith oiina pipes for
 

decanting the noutralizoC oil fron t:o eo',otock. The
 

ratio of the aoioht to the diameter of the c;,lindrioal 

hoiGht varies from 1.5 to 2.5 wit': the lower )art of 

tje range preferable. The eng1o of a&zx of the cone 

is 90' or loe to Cet tao boot clo?e for draining. 

Hoot vools tro oqui.)po& with internal coilo :or atom 
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hoatinc. Some are oquipzod wit" .tom ja:z'tto arnme 

the lowor ual jc. t'o cone vi:ilo othero ":,vo lntcr..o! 

'oemcoils pith c fccketod cone. Tho intor.l Etin; 

coils coy be vortical or :olicll coils. TEio n.ritatoro 

very accordinC to t':o .'rnrfncturcr'a ic6oto of construc

tion. Tho crive ny bo variablo opeed or t7o apood, 

oince olow stirrin&*-- ct tl.co rouirod. ?';o iclloviine 

points nuot be t.on into co.oidaratic- in a.:in 

'ehcice o' tie Iyo concentrations. 

Dooile of Whore t."O refini.Z 1-ettlo io ocuiyood with intern.al 
the Refining
 
.Kettle heting coilo aind nitator without a awing ipe or
 

&ocanting off t'o oil from t-o ooapstook, tho ronik lyo 

• t-ode ere nrobebly tho moot -r=cticel ainco P lo 

viscous oor-ptoc;: io obt-inoL wiiich c'oec not ciin 0o 

rc-ily to .tho coils, tho bl-.os of'the a~itntcr, .nd 

dreino :noro t.:orouihly from tho oonical 'ottcw o& tho 

voaoel. Thio roduces tho nunbor of "etor .anoiinGa 

roqoiroL to romovo tlc rocidual ,on-.
 

01
 

http:intern.al


Nature of 
the
 

Soaletoek. 

The amount 

o Neutrq 

011 oa~gairled . 


Where the refining kettle is equipped with a swing pipe 

and the oil is decanted to a separate water washing 

vessel or combination water washer and bleacher,
 

either method may be employed.
 

Where the soapstook is to be used for soap making, it 

is obviously an advantage that it contains as high a 

proportion of fatty matter as possible consistent with
 

the case of handling, A strong solution of caustic 

soda produce. a viscous soapstook which, when sold, may 

set into a solid mass. A solution of caustic soda 

should be chosen which will still allow the soapstook 

to flow out of the vessel at 60*-700C. The greater the
 

oonoentration of soap, the greater is its solvent power
 

for neutral oil. However, if the soap is grained out,
 

then it will hold less neutral oil.
 

The higher the oonoentration of the oaustio soda
 

solution, the greater the risk of some neutral oil
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bolua caponifi. 
 Thio momno hichor refininZ; lena.
 

The more dilute ocustic odaa oolutiono, the erector the
 

tendoncY to form emuloiono vith neutral oil. 
3enorclly
 

,ato with lowor froo fatty acid content can bo catia

factorily refinoC with relatively woak lyp, whoroas
 

otrongor lyos are required by hiSS acid fate. The loooor
 

dangor of over-ononiicatio=o with woak lyos muot be
 

conoi~orod cgainst t",e increaaod looo of omuloification.
 

The tonporaturo of prococoine muot be ao 
 choon that tho
 

onotock when it 
'broak ' sottlon rapidly and completely
 

to the botton of tCe vocoel.
 

" ",e U.3. "vca" 
lye Lothod has boon made the oubjoct of
 

a patent %hich ;an bco.. incuo to a lcrge kzorican 

procoeor e.d 
wca licenaoC !or t'o uce of others. 
 It
 

dooondo on teo buffering cotion, the exact noohenion
 

of whioh ia not undorotood 
of com~lex ;oophatoa in
 

the. presonco of oauotio soda solution. The porticular
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compound which ban been found moot o01cctivo is tutra 

eodin ?hoophvtoo Thin mothod is uoed on *oth crude 

-Z in ri ye a Latch noutrelization.a~nd dogvned oil 

the cir is nllood
After oharainC the refininz hottlo 


to escape by keeping t'.o oil in c,cuioacont state for
 

o',ood.
about 2 houroj The aritntor in etc.atoA ct moc.i 


into
The temperature io roiod to EC°C by turninC Ltoci 

the coila. At thio ,oint c wei~hod a~oumnt of a 10 

in.CUC no aquoouo oolution of totre oodir= phohto io 

rapidly no poonible. Iz t.A cvoe a! eoZ-Xiod oil 1.C 

z.

by wei~ht, and of e crude oil 2.b% on tho basic og tho 


crude. ZoatinE: is continued CurinG t'o addition of the
 

roaGent axd until thb te:iprcturo reacheo 758-OOC when
 

ThO cUOUlated
t'o otocn supply to the coils in Cut off. 


onount of sodium hyCroxido, uoua:llr leze, in then
 

addeC as rapidly no poooible. The doocco for de . ed
 

pluo an
oil is the theoretical amount o! dry VaaO 


exceon of 0.14 and for erodo oil, tA theoretiol plus .
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0.3$ eloeso both caloulated on tho oririnal free '=tt;
 

noid content of t o oils.
 

La the caustic mixes with the oil, n broalt dcvelopa 

rapidly one the ooapstock begins to tppoar in laro
 

flocks. Jhen vI1 of the cnuotic has :ecn added, the
 

opcec of the a-itator io roduce. ctc t*e stirring
 

continued for 5 - 10 mi.utos. Q*o citr.tion is then
 

diocontinuod ane 7% of hot water io oprnyod ovor t~o
 

ourface of the still oil trou.h a series o! aprcy
 

nozlea so arranCed that tho cntiro ourfnoo of the oil
 

is coverod. The droploto o& %intor ac they 3ravitate
 

through the oil erd ooa',otoch, coften and liquefy the
 

coopotock which t*on settles rathor rapidly to the
 

bottom o2 the ':ettle. Usually thoro ore three lcyoro
 

present, neutralizod oil, a sall layer o2 c,:ulcion
 

and socpstoc in the forr. o! thick syrupy liquid. 

The contents of tio ::ottle .ro llovoe to nottlo lor 

three hours c:.C the ooapatooh is then draineC off 
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through the drain valve located at the bottom of the 

As soon as the first trace of emulsion appoars
kettle. 


the drain valve is closed, 

hot water is added at a level ofAnother still wash of 

112 hrs. 
5% and the contents again allowed to settle for 

The wash water is thon drained orf, stopping again at 

the first appearanco of emulsion. The soapy water
 

discarded tocontains so little fat that it can be 

the sewer. 

3% for degummodA final still wash of 5% for crude and 

oil is added and the mixture is allowed to settle one 

hour. 

The suoessive still washes have diluted and broken
 

down the emulsion layer until it has completely dis-

If any emulsion is present
appeared to a mere traco. 


it is so small an amount that it can be safely
 

discarded.
 

86
 



The neutralized oil at this point contains 0.25 to
 

0.35% moisture and 150 - 300 p.p.m. of soap. If it is 

to be hydrogenated, it is pumped to the vacuum 

bleachers where it is dried and earth bleached.
 

If it is to be stored or made into salad oil, it is
 

not bleached at this point since it now can be safely
 

agitated without forming an emulsion when water washed 

to further reduce the soap content6 The agitator is 

therefore started and a stream of oil is continuously
 

withdrawn, continuously mixed with 10-15% hot water
 

passed through a heat exchanger where the temperature
 

is maintained at 70-850C and the water separated from 

the oil by continuous separators. The soapy water is 

discarded and the oil containing 0.35 - 0.5 is oonti

nuously dried under vacuum. The soap content has been 

reduced to 20--'40 ppm. and the moisture content to 

0.03 - 0.05%. The oil can then be stored or it can 

pass on immediately to further processing to salad oil.
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The yield of oil by this 'weak' lye method is said to be 

equal to that obtained by those of oontinuous methods$ 

and less than that obtained by the strong lye method if 

it is carried out with skill and care. Howefer it still 

has the disadvantage of personel judgment of the operator 

and thus the human element plays a part in the refining 

uffiolonay obtained. 

tweaki 
Method 

Lye This method is widely used in Europe, as it can be applied 

Ufrope) to all oils and fats# However, the ultimate utilization 

of the soapstDck must be considered# It entails a smaller 

loss of neutral oil than the Istrongi lye method when 

carried out with proper preoautions. Special techniques 

and ukille are required to prevent the tendenoy of 

fQrmations of emulsions due to the thin soaps and 

muollagenous solutions which are formed by the large 

amounts of water used. 

The dilute caustic lye used for this method is usually 

5'Be, the weaker the lye the less lose in neutral oil$ 
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but the stronger lye gives a more concentrated soap
 

solution, which is a better solvent for impurities
 

including colouring matters. This method is less
 

suitable for crude oil with a high 'acidity (6.0%FFA 

or more) as the volume of dilute lye required would
 

be too large. Refining losses can be minimized by
 

carefully adjusting the technique to a particular
 

supply of crude oil due to over saponification or
 

emulsification of neutral oil into the soap solution.
 

The soapstock due to its fluidity even at low tempera

ture can be easily drained from the supernatant oil.
 

If the process is applied to a non-deguraed oil, a
 

layer of impurities is often formed betweun thu clear
 

soap solution and the neutral oil, and great precautions
 

are necessary to avoid an emulsion forming which will
 

occlude largo amounts of neutral oil. A degumming
 

treatment is, therefore, often applied to oils intended
 

for this process; there are however, modifications of
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ismove residual
the process, the object being to 


soap or muoilagonous material in the Oil phase 6V 

in the interfacial layer, Such washes may be with 

hot water, very dilute caustic sodat salt brine,
 

soda ash, or alkaline silicate.
 

Determination of the conditions in which agitation 

and weak caustic soda can be used is a major problem. 

For the success of the various modifications of the 

process it is important to control the degrce of 

stirring and it is desirable to have vessel fitted
 

with a variable speed or two speed agitator operating
 

from 8-10 rpD io 30 rpm for a 20-30 ton vossel.
 

Examples will show tho application of the mentioned 

general principles of the process. 

Crude oil, while being stirred, is heated to 9500.
 

Stirring is then stopped and 40Be caustic at a
 

temperaturo of 98 to 10000 in sprayed over the
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surface of the oil. The excess of caustic soda mcy be 

slightly greater than that when strong lye is used. 

The degree of neutralization is determined by titration 

and if necessary more caustic soda solution is sprayed 

on the oil. The soap is allowed to settle for one hour 

and then drained off through the valve at the bottom 

of the vessel. There may at times be a small layer of 

emulsion at the interface. The emulsion may be drained 

off separately and accumulated from a number of refining 

batches. When a suitable number are oolleoted, the
 

emulsion is boiled with direct steam and treated with
 

salt, which causes the neutral oil to separate fro3
 

the soap solution. The oil is added to the next batoh 

of crude oil and the soap solution to the main soap 

solutions for the recovery of acid oil. After removal
 

of the emulsion, if present, a hot water wash of
 

5-10%of thu weight of the oil is applied and drained 

off after settling one hour. This may be followed by 

a weak (0.7%) caustic soda wash and/or hot water 
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washes to remove the residual soap. 

The use of agitation with weak oaustic soda is a 

major problem in respeot of determining the proper 

conditions. It is desirable to use agitation if
 

stage to assure more inti
at all possible at every 

mate oontaot during the addition of the lye and 
then
 

during water washing to remove the residual soap.
 

A dilute lye method frequently used is a s followst
 

960C and the thooretioal amount
The oil is heated to 

of 5*Be caustio soda solution plus an xoess of 

-corresponding to 0.5 1,0%FTA is added under
 
of
 

gentle agitation. When all/the caustio soda has boon
 

added the agitation is discontinued and about 10% 
of
 

a 0.4% oaustio soda solution is sprpyed on the
 

This is left to settle and the soap
still oil. 


A hot water wash with 10%
solution drained off. 


wash is given th the oil and aftor draining it is
 

a wash with O.4% caustic soda solution
followed by 
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al tbout 10% of the oil weight while steoa is blown 

through the oil. After settling one or more hot 

water washes with 10% water are given to romovo the 

risidual soap. 

Strong Lye Orude oil, orude-degwmmed oil, or degummod oil will 
Method, 

tend to foam considerably and to entrain air mid,
 

if possible, the kettle should be allowed to stand
 

for 2 hours without agitation to allow the air to 

esoape, 

Some refiners after pre-treating with phosphoric aoid 

prefer to add the strong lye m 12-16*Be to the oil at a 

temperature not exceeding 320C and preferably at 22-24*C 

with agitatox running at medium high speed. At 

temperatures of 21-24*C a relatively tight emulsion 

is produced. After agitation is continued for 20-30 

minutes at high speed, the omulsion will begin to 

have a sandy appearance which in known as a "pin 

break". At this point steam is turned into the ooils 
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and as the temperature gradually rises, the 
partioles
 

of soapstook g-:adually ooagulate, 
increase in size and
 

tend to settle rapidly. An experienced operator will
 

have no difficulty in determining at which 
point the
 

soapstook will coalesce and have the 
optimum speed of
 

This point is usually attained at 50-55*C.
settling. 


At this point, the steam is turned off 
the coils, the
 

agitation discontinued and soapotock allowed 
to settle.
 

Generally samples are withdrawn just prior 
to stopping
 

the agitation and a visual inspection made 
to detormine
 

the rapidity of settling and oaleseenoo 
of the
 

soapstook.
 

Tho contents of the kettle are allowed 
to settle for
 

Tho neutra
'atleast 8 hours and preferably overnight. 


swing pipe leaving
lized oil is withdrawn throu&g the 

cone of the kettle. The rofinad
 
the soapstook in the 


oil is sent for further processing, which 
usually
 

includes hot water washing to remove the residual
 

soap, vacuum drying ati bleaching. 
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ModiVIcation of the 'Strong' Lye Method U.S. 

Some refiners prefer to heat the oil after pre-treatment 

with phosphorio acid to approximately 60-65YC then add 

the required amount of 12-16* caustie soda solution as 

rapidly as possible under rapid agitation until a fino 

"break" occurs, then reduce the agitation to slow speed 

and when the soapstook appears to reach the optimum 

speed of settling and coalesconce the agitation is dis

continued. This can be determined by taking a sample 

which show particles of soapatock floating in the clear 

oil and settling rapidly in the test glass which indicates 

the stirring of the mass can be stopped and the oil loft 

for sottlingA After settling for about 8 hours, the 

clear oil is decanted from the soapstock by moans of tho 

swing pipe and subsequently dater washed and vacuum 

dried. 

Strong Lye The amount of excess lye required for crude, crude 
methods other 
than U.S. degummed, or degummed soybean oil will vary with the 

amount of phosphatides proent. This will vary 
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from 0.25 - 0.35% (dry basis) for crude oil to 0.1%
 

for. degummed oil. 

As in all oases, the oil should be deaerated before
 

adding the caustic soda solution to prevent floating
 

soapsto ok. 

In one method, the oil at 20-35eC is mixed with the
 

caustic soda solution of the chosen strength and excess.
 

The caustic soda solution is added by means of a spray
 

pipe while the oil is vigorously stirred but not so
 

rapid as to cause a vertex. The addition may take
 

10-20 minutes and when the caustic is thoroughly mixed
 

with the oil stirring is slowed.down to a speed Just
 

sufficient to keep the contents well mixed and the
 

temperature is increased as rapidly as possible to
 

601C. The 'break' will then take place under the 

influence of slow stirring and when they show a ten

dency to settle as can be observed by the appearance 

of rivulets of clear oil on the surface, the agitation 
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is stopped and the mixture left for settling. After
 

settling for several hours, the oil is decanted from
 

the soapstock or the soapstook is drained from the 

bottom. 
The oil is then water washed to remove any
 

residual soap and dried. 

In another method, the oil under agitation, is heated
 

to 48-500C with ooil steam and then with open steam
 

to 60*C. The amount of condensate added to the oil 

will be approximately 1#0% of the weight of the oil. 

Caustic soda solution of 15"Be at a temperature of 

800C is sprayed on the oil through a spray pipe in an 

amount equal to 1.75% times the theoretical amount 

and at a temperature of 8 0 bC Agitation is continued 

until the 'break' is obtained and the oil is left to
 

stand in the quiescent state for 5 to 10 minutes.
 

Boiling water is then sprayed over the surface equal 

to 10% of the weight of the oil without agitation
 

and the contents of the vessel allowed to 
settle.
 

After 2 hour, 
the oil can be drawn off through the
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The
swing pipe or the soapetock drained off the oil. 


oil is heated to 650C with open steam and a further
 

quantity of lye of lOBe equal to 25% of the original
 

theoretical amount for neutralisation is mixed into
 

the oil. The contents are allowed to settle for 5-10
 

minutes and hot water equal to 10% of the oil is sprayed
 

on and through the quiescent oil. The residual soap
 

is removed by subsequent hot water washings.
 

Sometimes when dealing with oils which do not rospond
 

to the usual treatment without excessive losses, it is
 

useful to add some auxiliary chemical which helps the
 

'break' and compacts the soap thus occluding lees
 

tetraneutral oil. Salt, sodium silicate, soda ash, 

other aliphaticsodium pyrophosphate, tartario acid, 


aoide, salicylic acid and versene have been claimed to
 

improve yields.
 

Dressier recommends using caustic soda of 15*Be
 

while under rapid agitation followed immediately by
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0.3%ofa 4,0% solution of sodium silioate, agitating 

for one hour oontinuoubly. The mixture is then heated 
I. 

to 44*C under slow agitation and 5-8%water is sprayed 

on the surface. The soap on breaking settles on 

rapidly. The soapstock is decanted off through the 

swing pipe or drained through the valve at the bottom 

of the vessel. It is then water washed to remove the 

residual soap and dehydrated before bleaching. 

A vacuum distillation method has been recommended by 

E. Bataille which can only be suooessful if the oil has 

been thoroughly degummed or difficulties in filtration
 

will be encountered after stripping. The phosphalipids 

remaining in the oil in the amounts if 0.01% or less 

form a gel that decreases the rate of filtration upto 

10 times that required for oaustid refined and water 

washed oils, 
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RENTRIPUGAL SEPARATORS.
 

Refining losses in Batch type processing tend to be 

high due to entrainment of neutral oil in soapstoek 

and emulsification during the prooesS. As the price 

differential between neutral oil and soapetock is very 

pronounood, a lot of inveetigations have been carried 

out for reducing the refining los to the barest minimum. 

The use of centrifugal separators made this possible. 

Substitution of gr&A.ty settling of soapstook by high 

speed centrifugation naturally resulted in lowering the 

quantity of occluded oil in the ebapatoak. Beuidosp the 

ehangeover to continuous processing has made it pos.'1lo 

to roeglate the processing conditions in such a way as to 

minimie emusification losses as well. 

There are basically three types of centrifugal separators 

in use for the refining of oils s 

Hollow Bowl Centrifuges were the first type developed* 

They are relatively simple in design and, when built in 

long tubular form of small diameter, allow the use of 

high contrifugal foroe with reasonable ratio of travel to 
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settling distance. The results obtained by continuous
 

refining with these centrifuges are certainly better
 

than 	those generally obtained with Batch type processing.
 

The 	small capacities of the centrifuges make it possible
 

for 	even the small-scale processor to take advantage of 

continuous refining,
 

However, centrifuges of this type have the following
 

inherent limitations & 

(a) 	The'liquid entering at the centre is at first
 
. exposed only to a small percentage of centri
. ugal force available at the periphery of the
 
bowl. 

S"Any sediment colleoting on the inside of the 
bowl decroases the settling distance and 
reduces the-maximum centrifugal force on the 
liquid. It reduces holdup, which, with con
stant liquid velocity, also reduces the time
 
of exposure to centrifugal force.
 

.() 	 Extremely high centrifugal force is necessary 
to maintain effibiency of separation; the 
necesity of operating at tremendous speed 

/ results in high maintenance costs. 

(d) 	As single machines rf high oapaoity are not
 
feasible, multiple installations are necessary. 

(e) Frequent cleaning of the bowl is necossa3,,.
which means down 'timd o'n the Machine and 
interrupted operation, 

(f)" 	At least two washes and two water-wash oentri
fugse will Vo" necessary for reducing the soap 
content in the washed oil within tolerable limits. 
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Gravity Disc 2. In another widely used type of centrifuge, the 
1. 	 . * -
Ce l t :.if 	 . 

separating chamber is a bowl containing stainless steel
 

oone-sbaped discs with thin spaoers which produce very
 

shallow settling spaces. The liquid is subjected to 

long 	travel with guided flow and moves with a moderate
 

velocity. These machines operate "at lower speeds and
 

maintenance problems should be correspondingly reduced.
 

More 	intimate mixing is apparently achieved in this type
 

of centrifuge as only one water-wash is generally adequate
 

for obtaining washed oil of acceptable soap content.
 

Those 	centrifuges can handle fa4rly large capacities and
 

it is 	reported that there are installations where each
 

machine handles about 25,000 lbs. an hour.
 

The disadvantages of this machine ares The bowl is 

heavy, has an objectionable number of internal parts to 

be .handled and oleaned and Is exponsiveo. 

, 	 3. Hermetia Construction is a further improvement on the 

above type of oentrifuges, The mixture of oil and soap

stock in fed to* the separator undur a pronsure through a 

foed channel in the driving spindle; Since the system I 

aompletely olosed9 no admixture of air and very little 
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.turbiulenoe ocours. Henoe the,:losseS duo to neutral oil 

being odo2uded.in the soapstook or emndlo'fioation are 

• eduoed to a minimuw, Besidest the oil is oompletoly 

protented from oontaot with "air-which excludes subsequont 

oxidation-; , an important -point with oils like Soyboan oil, 

Another advantage- olaimed :Xe that the soapepctok is always 

disoharged under piessure .so that even hard and viscous 

,soapstobka rlrave, the machine without .difficulty. Furtherp 

easy regulation of the prooess is I&spe'oial, feature of 

this maohinel every centrifugal separator needs to be 

adjusted according ta :the process .to be performed in it, 

but while open type &achines have 'to, be stopped to permit 

exchange of certain parts, as gravity. discs, the Hermetio 

Separator, daz:be -adjusted,tp optimum. Working oondiiions 

even while themaohine is running. Through a simple re

setting of the .oontrol instmument, the. separator can regu

later the: separating oonditiobs. and by obabrving the 

stfeam of soapstock 'flowingthrigh,the machine, he can 

!achieve. optimum working -onditione;. 

Multiotaim 4, Multistage Counterourrent. Contaotors (Podbielniak 
Contaotor 
Centritug. Inc.,. Chicago, U.S.A.) are,.said.-to make the most offeotive 

use of oentrifugal force of any machine yet devised.
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Their Duoton machine consists essentially of a horizon

ontally positioned, totally enolosod rotor, mounted a 

ball bearingr, force-foed lubricated.shaft with heavy duty 

weldedIt is constructed of stainless steel with heavy 

steel base and rotor cover. Inside the rotor are many 

contacting elements which provide for intimate mixing
 

coupled with low liquid velocity and ontrollod settling 

rates. The many contacting elements provide several times
 
-,• .. : .* 

per unit volume processed as do as much coalescing surface 

conventional centrifuges,
 

heavy liquid and light liquid are kept separate byThe 

pressure balanced mechanical seals, two on each side of 

designed for pressures up tothe rotor. These "sels are 

700 p.s.i, and temperatures of 3000F, 

The operation of the machine when used as a countercurrent 

liquid ontaetor is as follows: The light liquid enters 

through the shaft and is directed to the outer periphery
 . :. .t .. 

of the rotor. The heavy liquid entering through the 

shaft at the opposite side is directed to the center of
 

I,.Centrifugal . moves' the heavyI liquid'i .the*-' iotor. I , force 

ward, and it displaces the light liquid toward the o'enter 
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of the rotor. The contacting elements are so designed 

that passage through the orifices provides multisge 

mixing and separation. 

When a semi-solid, such as soapatook, is prooessod, it 

coalesces on the inner surfaces of the contacting 

elements and as it increases in amountt moves to the 

on theoutor periphery of the rotor, where it deposits 

V-shaped annulus, which directs it to the spill-over sides 

of the rotor, whence it moves to the shaft and is dis

charged through a seal-shaft annulus. 

The light liquid moves through the contacting elements
 

toward the shaft and is discharged. A back pressure 

regulator automatically maintains a pressure on the light 

The effect of this pressureliquid attempting to leave. 


is to control the position of the interface (it is com

parable to the ring dam in an ordinary qentrifuge)
 

o.g,v oil and soapstook,separating light and heavy liquid, 

in the rotor. The position of the interface can be
 

varied at will while the machino is operating. 

Their Hydrason machine is perhaps the only machine 
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where separation of soapetock and oountercurrent washing
 

of the neutral oil is achioved simultaneously in the same 

machine. The importance of size as well as the avoiding 

of emulsification within the centrifuge, particularly in 

the areas where the water is introduced and the soap

stock is separated, is established. 

Pilot plant tests are said to have proved the efficacy of
 

the process.* A deguzuned crude soya oil, FFA 0.35%, was
 

refined with 1.5% 20ODe caustic soda. The oil, preheatod
 

to 125-130*F and pumped at the rate of 1.0 g.p.m, from a
 

supply tank was mixed with the caustic soda solution
 

added by the piston proportioner. The oil and caustic
 

were thoroughly mixed in a vertical mixer equipped with
 

paddles, the temperature heated to 150Py, before entry 

into the modified oontaotor. The wash water, varying 

from 10 to 17% was also introduced into the contaotor. 

The oil effluent was oloar moisture 0.22% and the seap 

content, determined by the flame photometer method, was 

down to 80 p.p.m. The soapstook was a clear yellow liquid 

that assayed 4.2 to 6.0% T.F.A., and was practically free
 

of occluded or emulsified oil. The calculated refining
 

loss was 0.75%.
 

* Reft Extract from some recent developments of Refining 
of Fatty oils r'orris Mattikow, JAOCS, May 1960 issue.
 

106
 



VACUUM DRYER 
WASHSOAPOXCK-WATER 

CENTRIFUGE 

HEATER HEATER 

MIXER SOAP 
TANK 

CRUDE OIL 
FROM STORAGE 

CAUSTIC 
SOLUTION 

UTE 
SOAPSTOCK 

PROCESS 
WATER 

DRY, REFINED 
OIL 

TO S0ORAGE 

ACKW. COURTESY 
PODBIELHIAX, INC.-

REFINING CUMA WASHING PpOCESS DWG..NO.R-1oo5 





In the Hydrazon, Figure 4, oil-soap mixture enters at 

(A), moves through distributors (M), and is turned loose 

in the rotor at relatively low velocities. The soap,
 

being of higher dessity, moves outward into the annular
 

space (c) where it is deposited with least disturbance 

in a uniform layer. The oil separating from the soap
 

flows toward tho center of the rotor, however, it must
 

first flow through a washing sections (G). Softoned 

wash wator entering at (E) flows into specially designed
 

distributors (F), and is released to wash the oil. The 

water flows outward encountering oil which is flowing 

in the opposite direction, thus effecting truo counter

current multistage washing of the oil. The weirs which 

distribute tho water are on purpose directed to the center 

of the rotor, thus causing the water to change its direc

tion in a smooth arc "trailing" the direction of rota

tion. This action causes the water to be fed gently
 

into the oil in the form of a thin sheet of film at
 

extremely low velocities to prevent emulsion.
 

Mixing of tho water and oil for boat contact is accom

plished by a sorie of concentric elemonts in the wash
 

seotion having fairly largo orifices and spaced in such 
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a manner to obtain oiroumferential turbulenco and re

distribution of water. The oil emerging from the wash 

section enters a clarifying section (H) and finally 

exits at (M). Water flowing away from the wash section 

joins the soap layer, dilutes it and together moves 

over a circular spill-over disc, finally exiting at
 

(D). A few pounds back pressure applied to the refined 

oil at (I) maintains a constant rate of flow of soapy
 

wash water from the machine. In practice the differen

tial pressure controller tied into the piping system 

keeps the machine "ini balance" and operating continuously 

the soapy water discharge.without loss of oil to 

These machines differ completely from conventional
 

centrifuges because the "mix" is delivered to the rotor 

through specially designed conduits and weirs where at 

the point of entry or release of "mix" into the rotor 

the relative velocity is zero. 

The washed oil, however, must give up energy as it flows
 

back from its entry point and the concentric wash elements 

servo to slow down the oil. Turbulence created by 

slippage is sufficient to cause just enough gentle mixing
 

of desoaped oil with water, avoiding serious emulsion
 

difficulties in the wash section area.
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MISCINJLA REFINING.
 

'The quest for furthur improvement in the field of conti

nuous refining has resultea in development of isoolla 

refining techniques. The introduction of a polar solvent 

during the refining operation marks a big stop forward
 

in the evolution of refining techniques. Dissolving the
 

oil to be refined in a solvent like Huxane, eliminates
 

the viscosity barrier and, as a consequence, the hazards
 

of emulsification and saponification. Furthir, unlike
 

the earlier refining teohniquest employing excess of
 

caustic in the process does not result in increased
 

refining losses. 
The quantity of oil enturing the soap

stock is likewise drastically reduced. 
The cumulative
 

effect is a remarkable improvement in the overall
 

performance.'
 

Ranchers 
 The Ranchers Process, developed by Ranchers Cotton O.l,

Rofinin.
 
Process. Fresno, California, is perhaps one of the first oommer

oially introducod miscella refining processes, basically
 

developed for procussing cottonseed oil. 
This process is
 

intended to be dovetailed with the operations of a solvent
 

extraction plant. 
 The miscolla emanating from the
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extraotor is subjected to caustic treatment and the 

product passed through a horizontal concentric ring
 

centrifuge in which the neutral oil misoella and soap

stock are separated. The neutral oil mieoella is
 

filtered and returned to the distillation equipment of 

the extraction plant. It is claimed that the refined 

oil obtained needs no further bleaching. 

A major drawback of this process is the propor dosolvon

tization of the soapstock. By virtue of its vury n.ture 

and characteristics, it is well nigh Impossible to
 

oompletely desolventize the soaptook. The Ranchers
 

Proooses therofore, bypasses the problem by returning
 

the soapetook to the Desolventizer-Toaster where it is
 

desolventized along with the meal.
 

Neumi Refin- De Smet of Belgium realised from the very outset that as 
Ing Process. 

long as soapstock is handlud and dealt with as such, the 

possibilities of progress and improvements are strictly
 

limited. 

In their Neumi Process, the soapetook is continuously 

acidified and converted into fatty aoide which can be 
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satisfaotorily stripped of all solvent. 
Besides, the
 

value of fatty acids is several multiples as that of
 

soapatook and the economics of operation are therefore
 

improved. The introduction of isopropanol as a second
 

solvent opened up possibilities which are not otherwise
 

available.
 

Thq Neumi process employs effeotively a hoxane-isopropa
 

.ol mixturo for solubilising the two chiof products in
 

the process -oil and soapstock respootively. ,Reaction
 

between tho caustic and thu free fatty acids becomes
 

instantaneous even at atmospheric temperatures and the
 

reaction produot t soapstook is solubilised right at its 

inception. After reaction in a mixer, the products 

separate into three distinct phases in a docanters the 

,top layer oontaining the neutral oil in hexane, the bottom 

.layer holding tho soap solubilisod in alooholp and an 

intermediary layer holding everything exoopt the oil 

and soap. The bottom layer is continuously withdrawn 

washod countor-ourrently with hexano to rooover tho last 

traces of oil, and then aoidified with sulphurio aoid in 

a special mixer. The acid dosing pump is mochanioally 

synohronised with the oaustio dosing pump in order to 
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ensure that the relative proportion of both roaonts is 

automatically niaintained; by way of abuhdant preoautiun 

an automatio pH controller in the aol. 6irouit takes 

care of all eventubli'tios. After final decantation, the 

fatty acids are passed through a thurrostatically con

trolled rotifying" column whero all tho solvent is 

offeotivoly stripped and thanco' to storage with 9C% 

punky. The heat of tho alcohol vapours from thQ recti

fying oolumn is gainfully employed for the ooncentra'ion 

of the oil-bearing miscolla in a Economisor Unit.
 

The top layor of miscella from the main deuantor is also 

ontinuously and counter-currently washed with isopropa

nol in order to wash out the last traces of soap.
 

TheTeaftor, it undorgoes furtheo purifioation. Notwith

standing degumming and naustio refining, a curtain auount
 

of gums still remain soluble in the neutral oil; it
 

further rovealed that at a particular pH, thuso run-away 

gums aie thrown out, As a practical application of this 

finding, the waohed miscolla's p1l is rugulated and the
 

eluding gums effootively eviotud froi the mainotroam.
 

'After a further washing with isopropanol and final do

cantation, thu pure mlsoella is distilled in a classic 
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Eoonomisr-oum-DDistillation Unit. 

The impurities in the alearly-dofined intermodiary layers
 

from the various dcoantors, pass through two more gum

deorantors for vffoctive separation and reoovory of 

miscella and alcohol. 
 Finally, tho iripuritivs are
 

acidulated in a aptcial mixur by ioacne of 
 the acidulated 

alcohol from the final fatty acid docantor. Thia aoidu

lation converts th6 fluffy impuritics into a corapact 

layor, rQlasing further quantitLs of miscolla and 

alcohol which aro r.covtrod in a final decantor. 

Ultimately, thu impurities are drastically strij~pod of 

all solvunt in a gums boiler and thrown out as a spent
 

mass, incapable of polluting the main products 
- oil 

and fatty acids. 

The distinctive f4ature of the floumi Process is the
 

automatic rugulation of the processing conditions for 

aohievina a turnary Hoterogencous Azeotrope of Hoxane
 

Isopripanol and water, distilling at a very low tompo

raturo 3f 56.5*C. Pr.,:i the point of removal of the last 

tracos of ooap frow thu misculla, an optimum Isopropanol

water mixtur ia indisponsable - Isopropanol alone is in

117
 



adequate for the .pu pos*, "It is only after extensive 

reseiroh that the ternary phase diagram was established 

and applied to tho prooess, This is the crux of the
 

,Neumi, Process. 

On-the equipment side, the De Smet Liquid-Liquid 

extraction oolumnsobviously play a vital role. A large 

surface area and alternate intimate mixing and decanta

tion are necessary. It is obvious that in the intimate 

mixing emulsions should not be formed which would inter

f9re with subsequent phase separation. In the Neumi 

Processi -the choice of solvents a d the solvent-solute 

ratios are such, and'the mixing is so good, that the 

liqid-liquid extraction is inaependent of the rate of
 

.nter-phase diffusion.
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ULACkG OF oSbYBEAN OIL. * 

There are three major types of clor in vegetable oil t
 

1. Organic color pigments of known oompowition
 

2, Organio degraddtion products
 
3. Color formed by oxidation of colorless precursors6
 

.In the unoxidized state, .the principal organio color
 

pigments of known composition are quite readily removed
 

-by bleaohing clayS.. The pigments in the.mast common
 

vegetable oij," are 8 

. a)' Alpha and Beta Carotene (04e56) 

The carotenes are.yQllow to red,, and s.truoturally consist 

of highly unsaturated hydrocprbons arrangod in various 

cyclic configurationp.. An important characteristic of 

oartenoid pigments from the standpoint of bleaching is
 

that they are unstable to heat.and, as .oxidation progrossest
 

they radusaly fqde practically .to a colorless state.
 

.- b)..Xanthophyll (C40 5602 ) 

Xanthophyll is colored yellow and is. strzoturally similar
 

td the cartenes except for an extra oxygen-in the cyclic
 

ring at"each end of the hydrogga ohain*.
 

•c) Clorophyll A.and. (C5: 7 2MgN 465) and (O~ 70 gN406 ) 
The chlorophylls.are.gTeen, and .truc4rally are unsaturated 

magnesium-containing pyrol derivatives 
nd osters of the
 

Extrants from paper by WJ.Lehmannt Courtesy National
 
Soybean Prooessors Association of the U.SoA., New Delhi.
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Uiiiko the cartolloid
unsaturated' imar Alcohol phytole 


onpigments, the .Qhlorophyl. do not fade apprediably 

low
heatingi 'They--aro more readily adsorbed by. clay with 

stabilize chlorophyll whereas
pH, beoause alkali tends to 


acid decomposes it.
 

color and
The :organio degradation products are bro4n in 

are present in vegetable oil usually from daiagod 
seeds. 

They :are generally composed of dogradod proteins, 
oarbo

hydrates, muoilagenous materialt and phospholipids, 
and 

normally are present as positive colloidal dispersions 

are the organio pigments
rather than being oil soluble as 


This type of color is usually difficult
mentioned above. 


'-oem"nove by adsorption.
 

Color formed in oil by oxidation of ooiorless preoursers,
 

such as dark.red ohroman-5, 6-guinonod from gamma to oo-


It has been known
remove by adsorption.
pherol:.1s difficult to 


for some year. that as a vegetable and animal 
fat ages,
 

it beomei ' ore 'diffioult.• .. bleach. .. :.... . 'If the aged oil 

is dazr-than L whndeorease in 

the formation of now color whichbleach rooponueSis due to 

On the other hand, if the oil in
is difficult to adsbb. 
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lighter, in ool. :upQn. aging, the .oolor pLmnents have 

.beoome fixed ot 7on-rosposive to -adsorpti.on, in all 

Probability by oxidation, 

The"meohaaim of blaaohing was well .expressed by King 

and Wha ton when.they staiea .that bleaching has two 

.fa~otoll. wo~ikink Iito fa~vor (±,e,, lowering color) 

4dsorptioj and .oolor fading -by .oxdationg and two factors 

working against it O.e):,-t6 dken polor) . new oolor 

formation and fixatior), both by oxidation, 

Bleaohin Contact. adsopbent blenahong is usualy aoooplished 

&uipment. 
pithex btohwiso-.in open kettles or..under vacuum or 

oontinuously under vaouum(, 

Bath Open 
Kettle 
Method 

This is thp oldest and simplest method and-is still in 

upe Xn..some plants... The .oil is oh rgod, Into a kettle 

equipped with a pnd;Ile agitator and steam ooils, the 

Agitti6n and,hoating star.ted,, and the bleaching clay 

ano/or carbon adde..t.° 70-800C. ,Agitation is continued 

for. time after the bloaching temperature, usually about 

"45Q0G is reaohfd, The oil'ip recycled through a filter 

-to' Qbtatn olakity for approximate 1O minutes and then 
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transferred to bleached oil storage. When the filter is 

full of clay it is.6lown with air for a few moments, then 

,.with steam at low pressure, to remove as much oil as 

possible, then with~ ai, o'dry' the pross cake. Because af 

this high surface area, spent clay from the bleaching of 

unsaturated oils tends to undergo spontaneous combustion, 

and care must be taken in cleaning the presseq. Theuse 

of 10w p'H 'blyrb with unsaturated oi ls tend to increase 

%spontanetous combusti'on. 

Batch Vaouum The use of activaed l ys san igher bleaching tempera-
Method, 

tures led to the development of vacuum bleaching systems 

to kroteot the 'ils from oxidation. The process is similz.. 

.t6 the'open kettle method except that it is conducted under 

an absolute prossuee 'of fromn 50 to 75 mm, The adsorbent 

can be added as a slurry in oil from a separate oil slurry 

tank or drkwn "in dibotly from a clay hopper through a 
2. 

valved line leading ftom'the hopper below or above the 

vessel fo below the surface of the oil. The addition of 

"e'ley as an oil"Slurry is recommended, particularly if 

the oil i' rofinoa and/or washed and dried in a combination 

-process vessel, to avoid oxidation of the oil by drawing 

in 642 with the bleaohing mat'rials, If this cannot be 
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'aooompli hedq then tho oil after washing ,rod drying sa,)ld 

be cooled'to at least 60-70c0 before drawing in the 

Continuous There appears to b$.a widespread impression that as far as
 
Vacuum
 
Bleaohing. the Bleaching operation is oonoerned, continuous processing
 

is an unnecessary sophistication, the extra investment on
 

which is not justifiable as an investment. As would bo
 

evident from the following paragraphs, this impreasion is
 

not factually validl indeed, if any process or equipment
 

be not economically viable, it would be meaningless to
 

discuss it at all.
 

-. he ibleaching.o vegetkq,. :oils.is,a. ,pbsieal phenomenon 

involving the adsorption of the coloring matter on special 

materials such as .llers Earth, Activated Carbon, ate. 

The impediments to obtaining best results are: moisture, air 

and soap. The temperature of procoeossing and time of con

tact aro important factors. Continuous bleaching offers 

the following advantages i
 

1, Removal of moisture from the oil under proceas is
 
more efficiently and effectively accompliahod by 
the Flash Drier. It is hardly a debatable point 
that drying a mass of oil under vacuum is not as 
effective as atomising the oil heated to the 
desired temperature in a chamber which is under 



h4gh vseuu. The sudden entry of the hot oil 
in.a finely:dspersed and atomised sprar into 
an evacuated chamber is the miost effective 

.nown method 'of drying a liquid. An Moisture 
is undesirable for efficient bleaching, better 

drying would naturally lead to. better bleseige 

The 	presence of soap, even in minute quantities#
2, 

the oil under process$ is highly undesirable
in 

'for the bleaching operation. In batch drying#
 

of soap and moisture frequentl$
the presence 
-results in frothing and foaming, impeding the 

drying operation and posing problems of process 

control.. These problems are eliminated,in toto 
in the Flash Drying system. 

3. 	Introduotion of a separate Doaeration stage in
 

the.ConttnuouR Bleaching System i..an important
 

stop forward for elimination of dissolved and
 
the 	bleaehing
occluded air in the oil as well as 


materials. In this connection, the following 

exqerpt from Baileyls 'Industrial Oils$ Pats rnd 
W&"s - Page 663 is signiftiants 

*The efficiency of soap removal during bleaoh! 

appears to depend upon the thooughness with 

which oil and earth are dehydrated during the 

operationp as the oil retains soap tenaciously 

only in the presence of dissolved moisture, 

Because of this, a low soap content is favoured 
by vacuum bleaching and particularly by gonti

nuous vacuum bleaching, where moisture removal 

to faeilitated by spraying the oil and clay 

slurry into an evacuated okmber. In a series 

of comparative plant tests, King & Wherton found 

that batch atmospheric bloaohing reduces the soap 

in refined oil fvoa an average of 103 to 32 parts 
per million wba"Sp continuous vacuum bleaching 

effeoted an ayevw, reduotion of frod 114 top 15 

parts per millioni
 

4,. 	A aignifioant advantage of the special Deaeration 

stWa isminimising, if not eliminating, oxidation 
hasads. In this qonneoti6n also we cannot do 
better +han quote from pages 666-667 of Bailejr 

the 	oil
"Continuous vacuum bleaching protects 
(Vom.the harmful effects of oxidation even more
 

124
 



effectively than batch vacuum bleaching since 
better deaeration is effedted by spraying the 
oil into a vacuum than can ordinarily be 
obtained by agitating a large batch under 
vacuum. Also the oil and earth are more comple
tely deaerated and the contact time btween oil
 
and 	earth is reduced. This reduces the soap
 
6ontent of the bleached oil, minimises free
 
fatty acid development when acid earths are
 
used and has been reported to produce oils of
 
improved flavour stability".
 

5. Another important fact, khioh is perhaps little 
appreciated, is that continuous system of blea
ohing significantly improves the shelf-life of 
the finished product. We quote the authority of 
Bailey for the following observation: 
"Mitchell and Kraybill havo demonstrated by means 
of ultra violet absorption speotra that commercial 
bleaching commonly produces 0.1 - 0.2V of conju
gated fatty acids in the glyceridon of cottonueedt 
corn, soybean and linseed oils, through the isomeri
zation of nonconjugated fatty acids. Their observa
tion is of some interest in its relation to the 
stability of bleached oils, in view of the readiness 
with which oxidation occurs in con4ugated fatty acids 
and the anti-catalytic nature of the oxidation reaction
 
in fats. Since some amount of prior oxidation was
 
found to be pre-requisite to this isomerization, it
 
would seem that it could be maintained at a minimum by
 
deaerating the oil before bleaching, and carrying out
 
the bleaching under vacuum. Continuous vacuum bleach
ing should be particularly effective in inhibiting
 
isomerization, since the latter presumably requires
 
appreciable time and the time of contact botween earth
 
and oil is much shorter in continuous bleaching than
 
in bleaching by the batch system".
 

6. In continuous system the heating of the oil under
 
process to the desired operating temperature is
 
conducted only after the doaeration stage. It
 

follois therefore that full protection is afforded
 

to oolour-sensitive oils.
 

7. 	 The bleaching operation itself is conducted in a 
speoially designed Bleaohtower where optimum oondi
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tions are easily maintained. By atomising the oil 

uilder process oentaining the requisite amount of
 
flow in thin
bleaohing materials and allowing it to 


films'over an extended,surface, near-ideal conditions
 

are aohieved f6r maximum,bleaching effect with 
minimum
 

*amount of'bleaching materials. This arrangement 
is
 

.obviously far gore efficacious than agitating a huge 

mabss'of oil .withthe -bleachingmaterials suspended 
in 

steam faoilitatesControlled injection of open
* 	

during themain~iteihnce ,of,the desired temperature 
operation. A significant advantage is that contact
 

time betweei ,thebleaching material.and the oil is
 

reduced to the barest minimum practicable.
 

6. 	It can hardly be gainsaid that the continuous process 
In the event oflends itself to finger-tip control. 


'the finished ooloqr of the oil being not satisfactory
 

a.fliek'of a valve would divert the cil into the feed
 

tank for recycling'and simultaneous adjustments of
 

the d6se'of the bleaching materials.
 

•9. Yet another outstanding facility is the automatic
 

Dosing ]Device for.,proportioning,the entry of the 

bleaching materials into the system. By a slight 

turn of a.wheel the. feed of the bleaching materials 

can be' increased or decreased with the greatest of 

ease,
 

Stbrage bins of adequate capa4ty are mounted on the
10. 

Dosing Device s that generally a 24-hour supply of
 

the bleaching materials can ,be held on tap in the 
that this simple
plant itself. It is easy to see 


• 	 arrangemenb substantially reduces the operating
 

"labour for the process.
 

Another salient feature of the continuous syktom is
114" 
that filtration operation is also continuous. In the 

batch process the fi-ltration is intermittant and a lot 

of time is lost in initial start-up of filtration. In 

the continuous process once t1e .plant iq put into 

operation, the filtration aspe9t needs little control. 

Two filters are provided:in qtdor to.,ensure continuity 
filt has to be cleaned,
of the process - when one 

This also results
the other is.pressed'into service. 

in saving in labour costs.
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12. The continuous bleaohing system iS compaot, occupying
little space. Its operation is praotioally automatio
 
requiring no special supervision. All that is
 
required is to have an eye on the oolour of the
 
bleaching oil.- a job which takes only a small 
fraction of an operatorts time. Requirements of
 
steam, water, etc.-are substantially lower when
 
compared to the batch system. 

Continuous 
 The oil to be bleached is first deaerated and dehydrate&

Couinterourrent 
Vaouum Bleaeh- by spraying into the lower section of the process tower
 
ing Systam, 

at about 55*C. Deaeration is aided by a small amount of

sparge tt
 steam below the oil level. The deasrated oil is
 

then heated to 105-1150C by passing through an economizer 

counter current to the hot oil leaving the system and by
 

use of a steam to oil exchanger. 

The unbleached heated oil is then filtered through a
 

closed press containing the spent oake from a previous
 

batch and then pumped into the upper chamber of the 

process vessel. A clay slurry madeis up of coal bleached 

oil leaving the system and metered clay in a separate 

agitated slurry tank. The final slurry is fed, again 

through a spraying device, into the upper section of the 

process vessel whore it is mixed with the main stream of 

the oil. Herep too, sparge steam aids in the mixing andf.............
 

steam ooils maintain the temporature. After about 10 
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minutes 'residence time, the o1 is filtered through a clean 

press, partially cooled bypassing through the economizer 

(oil to'oil exohanger) and finallycoooied to a temperature 

of 556C by passing t.hrough a .ater to oil hoat oxohangor 

before being. sent to storage, 

l .	 The trend is to replace plate and frame open deliveiry 

filters with eithor plate and frame enclosed delivery 

filters. or. with pre.asure-le.af filters. In the United 

States more and more refiners are installing pressure

leaf filters o the Niagara horizonta4 leaf-type for all 

filtration purposes, The purpose is to inorease the 

rate of filtration by. filtering at the bleaching tempe

rature and to avoid oxidation by cooling the oil before. 

it is discharged into a stoage tank. 

Bleaching 	chemicals retain a lot of oil notwithstanding 

steam and 	air blowing operations. Besides# prolonged
 

.steam or air.blowing is liable to have deleterious offsets 

on the oil that is rpoovered.. 

At least 20% of oil is lost *6 Fullers Earth, the quantity 

retained bqtug more with activated earths and even higher 
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with aotivatQd .oarbop. 

An advantage or using Hermetio pressure;-leaf filtore is 

that after the filtration.operation is over# the 

blpaohing materials. could be extraote&.with a non

inflammable,solvent and-praotioally all the'oil retained 

.may bo recovered. This operation should be eoonomioally 

interesting in view of the prevailing high'prices of oil. 



DEODORIZATION OF SOYBEAN OIL. 

As any other triglyceride, soybean oil contains some 

odoriferous substances. The green "beany" odour and 

flavour is characteristio of soybean oil. Vakamiya 

reported the presence of an unsaturated hydrocarbon, 

C-18H-32, gadusne, also present in fish oils. A 

nitrogen containing odoriferous material that reducod 

Fehling's solution has been reported to be found in
 

soybean oil by Veskresenskii and Dobruinina. Jaeprson
 

and Jones identified terponee, aliphatic hydrocarbons,
 

methyl ketonos and other alkyl methyl carbinols in
 

deodoriser distillates.
 

These can be removed by low pressure steam stripping.
 

Steam deodorization is effeotive in view of the great 

difference in the volatility botweon the triglyceridea 

and the substanoos whioh give them the odors and flavours. 

The process is conducted at high temperatures to ensux,) 

higher volatility of the odoriferous substances, Very 

low pressures are used to protect the oil from oxidation 

at the higher temperatures. It will prevent hydrolysis 

of the glyoerides and minimise steam consumption. It 

has boon observed that notwithstanding such drastio 
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treatment, there is always curtain amount of rovreion of
 

odors and flavors, ,.articularly when stronlly rancid oils
 

are deodorized and exposed to air for longer periods even 

at lower temperatures. The rancidity is followed by
 

increase of tho frue fatty acids dercenta;e, an increase
 

in thL peroxide value. 

In deodorization process th. stea;n functions cs an inurt 

gaa and has no dc.vmical action on the volatile matt-rs. 

The injecteL steai=i has no chancCor condenain#, An inurt 

gas like Nitrogen is useful but thu ..-con.mics and L:asy 

availabilitylof low pressure steara singlQs it out as an 

excellent tool, 

The amount of odoriferous matter present is different in 

difforent oils and sometimes in the same oil. It is in
 

the region of 0.1% to 0.5%, Salway estimated the amount 

of methyl-nonyl-kvtone in palm krncl oil as O. 12 and in 

coconut oil as 0.03p. Phurzan estitmated It as 0.12% in 

groundnut oil and 1.75A in bef fat. 

Vapour pressare data of volatil. componunts are given
 

as a general rufarunce:
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MP BP
 
deg,t. ds d. 

are equal to the vapour pressure 

Methyl-heptyl-ketone 
Methyl-nonyl-cetone 
Methyldeoyl-ketone 
Methyl-unde oyl-ke tons . 

15 
15 
21 
28 

193 
225 
247 
263 

(YBrach, J.Seoo.Chem.Ind. XLV Mi), 73 T,1926) 

Assuming that the vapout pressures at the melting points 

of water at zero deg.C# 

vapour pressure curves are drawn by maens of Duhring 

Rule. The vapour pressure of methyl nonyl ketone at 

223.3 mm.Ng. It' may also be assumed100'C will be about 

that the v.p. of the substance dissolved in tho oil is 

direotly proportional to its ooncenttatin. Therefore,
 

0.2% of methyl nonyl ketone in'o$l would'have, at 16000, 

a Y.po of about 0.517 mm.Hg. This points out the 

difficulty of deodorisation. Compared to the partial 

pressure of steamt the effect of the v.p. of the odori

ferous substanoes appdars to be negligible. 

It is'also observed that 'the'removal of odor of an oil 

is proportiona with the emoval *ofie FFA'oontento 

The roduotion of PFA is a moasure of the oxtent of
 

deodorisation. This is used as a roferenoe in the
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A glance at the table of the boiling points of some 

saturated fatty acids shows that the vapour pressure 

increases with decrease in the number of carbon atoms
 

in the fatty.acids at any fixed temperature, i.e., at a 

speoif-ied temperature of doodorisation the PFA with a 

lower number of carbon atoms will be removed with a 

greater ease than the higher carbon acids. The fatty 

acids of a given chain length exhibit very slight 

difference in volatility with different degree of un

saturation. This also means that ai any temperature 

during deodorisation tho removal of steario and oloio 

acids could be oonourrent and simultaneousi there is no 

preferential vaporisation of the unsaturated fatty acids. 

Theoretical The process of deodorisation is a simple steam distillation
 
Minimum Steam 
consumption, operation. Under ideal conditions, it should consume 

minimum stripping steam and establish equilibrium
 

between the vapour and liquid. Oviously the more effec

tive the contact betweon thu 'steamand the odoriferous 

matter, the closer the aiproach to 'ihd equilibrium 

concentration. By making use of Raoult's and Dalton's
 

laws of partial pressures, Bailey proposed the 

following equatiorks 



s PF/P (01/02) 

S - Moles of steam used for stripping 
P - Total pressure within deodoriser 
P - Moles of oil being stripped 
E m Vaporization efficienoy 

pressure of pure volatile oomponont to be
P6-Vapor 
stripped from the oil (odoriferous matter, free 
fatty acids) 

firsal conoentrations of the01 	 &.02w Initial and 
volatile component in the oil.
 

steamIt 	 is, thor-fore, observed that the quantity of 

required for tb2 deodorization ist 

a) 	direotly proportional to tne amount of non-volatile
 

glycerides present
 
B) directly proportional to the total pressure in the 
. Deodorizer 
a) direotly proportional to the logarithm of tb. ratio 

initially
of.concontration of volatile component s 

present to that finally present
 

d) inversely proportional to the vapour pressure of the
 

pure volatile component 
e) 	inversely proportional to the vaporization officienoy
 

of the process.
 

It 	may be remembered that it is absumed that the system 

obeys Ra ult's law and that Dalton's law of partial 

pressure is obeyed by the mixture of ofeam and volatile 

vapours. However, this is true only 'to a limited extent, 

Gnber and Lorman proposed an equation, besides the above 

assumptions, on the consideration of phase rule. The
 

has been assumedequilibrium partial pressure, p* 
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to be a function of two variables, e.g., tomperature(T) 

and ooncentration of volatile material x); oonsiduring 
.
 -K 

I ' . S* 	 . . .* 
I "'i. 

' -1the,..three components: non-volatilo oil, volatile subs

tanoes and the inert stripping medium (steam); and the 

two phases: liquid and vapour system. 

A study of te vaporiza.tion effioienoy obtained by the 

two equations show oriiical variatioA influenced by the 

only major variable as the total ptedsure of operation 

which directly influenoes the factor for systems obeying 

Raoult0s Law.
 

It may also be observed that at o6nstant steaming rate 

and temperature the total pressure is direotly propor

tional to 
the vaporization offl'oinoy.o 'Since this is the 

funotion of the shape of the steam bubble at the surface 

of tho oil, the former falls when thb"pressure is reduced,
 

but in faot, the temperatureof the process is maintained
 

so high that during its travel' through the bulk of the 

oil the steam bubbles get saturated and a slight change 

in the total pressure does not affect the efficiency 

appreciably., 

2nt 	 entrainment iosiEntn 3ut the 	 dIreotiiiroportional to the 
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head space of the deodorizer,vaouum maintained in the 

the higher the Yaouum the higher is the lose and this 

indreases on h.logatithm scale' the rate of oil lose 

to and becomesinoreased exponentially between 250 4000F 

almost constant at the higher temperatures Bailey has 

shown that at a constant rate of steaming of 1000 lbs. 

of oil per hour the oil loss due to entrainment is about 

18 lbs. at 25 mm. total pressure whereas the loss becomes 

times when the total pressure is
116 lbs. or about 6.5 

10 mm. Souders and Brown havereduced from 25 mm, to 

which theshown the theorotical suspending velocity with 

oil droplets are carried away. At elevated temperaturos, 

some hydrolysis of the oil takes place resulting in loss 

of oil. A slight increase in temporature causes appre

ciable increase in the vapour preasure of the volatile 

substances thus reducing the steam consumption. Simul

it increases the loss of oil due to hydrolysis.
taneously 

An optimum relationship between these two variables will 

have to be maintained. 

Apart from the above, by increasing the temperature the
 

time requirod for the same reduction o: FTA content is
 

enormously reduced. In other words, the total effect
 

,of ino ease in temperature will rather go in favour of' 
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an inocease in effioent operation in so far as the
 

distillation losses are concerned*
 

EIntrainment Losses in Deodorisation
 
at two differen kressureXe
 

Flow of injected 
steam lbsper hour. 600 880 1000 1200 

Loss in lbsaper hour 
at 10 mm. HR. 9.09 40,46 113,9
 

Lose in lbe,per. hour
 
at 25 =. Hc. - 6.82 18918 34.1
 

(Bailey A.Zot J.IA.&ig.Chom,t 33,405 (1941).
 
Distillation Loss during Deodorization
 

of HydroRenAted Cottonseed Oil,
 

Pressures 10.mm.kH . Injection Steam: 30 lbs.per hour.
 

Temperatare, eg .P, 300 250 400 450 475
 
Loss lbs.per hour 3.86 7.95 17.04 30,0 40.91
 

(Bailey i.E,, J.Ind.eag.Chem., 3%407 (1941).)
 

Dodnan et &I oalculated the amount!of stripping steam
 

required to deodorize Soybean oil maintained'at a tuompe

ratuxe of 2500 and a blow steam rate of 400 lbeper hour 

using fhe vapour pressure of oleio aoid -as a basis as 

belows
 

Tamp.d.0. vp of Ol%;o Blow Steam 
A2l -=* mWEI-o 

204 4.5 2660
 
233 1540 000

250 30.0 400

265 500 240 

For fear of .entrainment losses# the high quantity of blow 

steam at low temporature is reduoed, and time inoreased, 
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Reduotion of
FFA &-Colors-

A study of the various changes during deodorization
 

showed that the rate of fall of FPA during the first two 

hours was rapid and tried to level off after 3 hours.
 

Similarly the color (Lovibond - 5,25 inches) of 2.5 units 

fell to about 1.7 units in the first hour and remained
 

steady thereafter. The relative oxidative stability was 

found to drop down steeply due to the so-called metal 

effect of iron. Baldwin (JAOCS 25P 33-35P 1948) found 

that the stability increased rapidly during the initial
 

part of deodorization and then dropped off. The product
 

obtained from a glass deodorizer or a Chrome-Nickel unit
 

showed no loss in oxidative stability, To counter the
 

flavour reversion phenomenon, the material of construction
 

of the deodorizer assumed a vital function, Ziels and
 

Schmidt (N.I.Ziels and W.H.Schmidto Oil and Soap, 22, 

327-330, 1945) found that aluminium and nickel were the 

only ones absolutely free of the pro-oxidant effect, It 

was'also mentioned in literature that the presence of even 

Minute quantities of lecithin during deodorization was 

responsible for flavour instability. Deguming totallyp 

avoiding higher temperatures during neutralization and 

bleaching, and addition of 0.01% of itrio "aoid as a 20% 

solution added just prior to deodorization to inactivate 

wy.'remaining lecithin are some of the itops indicated to 
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Batoh 
Deodorizers, 

arest flavour reversion. Dutton# Moser and Cowan(JAOCS 

24,' 261-264, 1947) observed that the citric acid treat

ment significantly arrested the flavor rovorsion even on
 

aging. 

The batch deodorizers are tall closed cylindriol vessels 

equipped with steam coils'for heating and cooling and 

generally a three stage stea. ejector vacuum system. A 

sparging coil ia located in the bottom of the deodorizer 

to prevent heat losses. In operation, the deodorizer is 

loaded under about 25" vacuum with oil to be deodorized, 

to a level about half to 2/3 the height of the vesselp and 

steam is turned into the heating coils, the vacuum on the 

booster stage of the vacuum system. Live steam is then 

turned on, passing upward through the oil, the absolute 

pressure rising to about 8 mm. The oil is heated to about 

210*-230'C, depending upon the stoam pressure available, 

and deodorization is carried on for about 4 to 5 hours at 

this temperature. When the oil is sufficiently well deo

dorized, cooling water is fed to the coils and the oil 

cooled to about 700, At about 120*-1400 or so, a small 

sunt of citric acid in generally added to the oil to 

scavenge the metallic ioi .'and thereby improve the 

keeping quality of the oil. 
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Relatively recently the use of Dowtherm for heating has 

become common. By the use of this heating medium high 

temperature for deodorization has become practical since 

high temperatures can be attained with low pressures of 

Dowtherm as contrasted to %eryhigh pressures for steam. 

Temperatures up to 22500 or even higher are now usod with 

subsequent better deodorizing results.
 

Normally the course of deodorization is not followed
 

analytically, but is continued for a definite period of 

time which has 	 shown by experionce to give satisfactory 

results. After 	deodorizing, the oil is filtered to a
 

brilliant clarity before filling. A sample of the oil is 

checked for flavor and odor, and subjected to tho accele

rated stability test known as the Swift test, or A.0.M. 

test. 

_emi-Con-	 New installations of deodorizers are most likely to be 
tinuous
 
Deodorizers. 	 semi-continuous or continuous units. The semi-ontinuous 

unit consists 9 f five deodorizing chambers, called trays, 

mounted inside a vertical cylindrical vessel, all main

tained under vacuum. The trays are light weight, since 

they contain little oil and do not have to support the 

vacuum, and are usually nade of monel or stainless steel. 
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The outer vessel supports these trays 'nd is made of 

thiok steel plate. In operation# a measured amount of 

oil is pulled by vacuum into the upper "tray, where it is 

heated.to 1600-1900 by steam or Dowtherm while being
 

agitated by a ourthit of steam." Afteranother 3 minutes
 

the oil is-Aropped to the third tray and again after 30 

-minutes to the fourth tray. In both trays a heavy 

current of steam acoomplished deodorizing. fn the fifth 

tray the oil is cooled by water flowing through ooils, 

while the oil is agitated with steam. In this tray the 

.*oitrio aoid, and any other antioxidant i's added before 

pumping the oil thio.ugh a filter to a holding tank. All 

movement of oil -from the measuring tank to each of the 

various trays, and to storage, and all heating and oool

ing#,.are controlled by sequenoe timer operating the 

various valves at the iroper time. In other words, the 

operation is completely automatic. The advantages of the 

semioontinuoue deodorizer are: 
 much reduced stripping 

.steam requirements (4 to. 5 pounds of steam per 100 pounds 

of oil as odmpaed to*20 to 50 pounds used in batch doeo

d&rization)h savings in ejector steam and oondensor water; 

and reduotion of peak loads on heating'and cooling utili

ties. olor reduction is equivalent to that of batch 

deodorization, free fatty acid reduction is about equal, 
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b 1 .ijrp c4.l
entr6inment losses 	are not higher and may 

as or better thian with batoh de ,d ,:i
flavour is as good 

for 	doodorilation?ounditionsC nows "Whatare 	the ideal 

vacuum (or lowest 	possible1. 	 iheat p6ssible 
systet eonomioallyabsolute pressure) 	 in the 

obtainable. 	 " 

2. 	 'Mximum possible utilisation of the heating 
steam or minimum oonsumption ofand 	stripping 

steam for obtaining best possible results. 

contact between theJ. 	 Aohibving most intimate 

oil and the stripping steam.
 

of the deodorizing4. 	 Perfect vapour-tightness 
ontx7
equipment to eliminate possibilities of 

of air in order to prevent oxidation and 

oolour impairmont-. 

5, Flexibility in operation, facilitating the
 
1processing of all 	kinds of oils.
 

6. Minimum quantity of oil in process for 
easy changeachieving quick start-up and 

over from one kind 	of oil to another.
 

Having laid down the criteria, lot us eo how best 

to requirements:CONTINUOUS DEODORIZING SYSTEM 	 stands up 

I. 	 In batch doodorization the stripping steam 
a of oil andjust bubbles up through column 

is rendered useless thereafter. From the 

point of view of intimate contact betwoen 

the steam and oil and effective stripping 

action, the conditions provailing in the 
leave much to be desired..batch deodorizer 

In the Continuous Doodorizin# Systom, intimate 

contact between the steam and the oil is 
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achieved by speoial injeotion-mixing devices 
by which the stripping steam is mado to tiLrow 
up the oil in process in the form of fine 
spray simultaneously establishing perfect
 
contact between the two. A series of such 
devices located in the bottom compartment of 
the Deodorizer achioves drastic strpping 
action unattainable in the batch system. 

A further noticeable feature is, after per
forming its function in the bottom compartment,
the escaping steam is made to do further work 
by encountering the incoming oil in thin films. 
It would be evident therefore that the strip
ping steam is atleast twice as effective in 
the continuous system when compared to the 
batch system.
 

2. 	 As large batch sizes are generally in vogue 
even upto 10;Tonnes - and, as mentioned above, 
the stripping conditions are unsatisfactory, a 
huge quantity of stripping steam is requireeL
in the batch process. In contrast, in the 
continuous system the quantity of oil in
 
process is reduced to the barest minimum and
 
consequently tho consumption of steam is
 
likewise reduced to the minimum.
 

3. 	 Another significant advantage of minimum 
quantity of oil in process is that the start
up time is remarkably shorter and changeover 
from one kind of oil to another can be 
achieved easily and speedily. 

4. 	 Intermittent operations in the batch system 
are not conducive to heat exchange practices
and effective utilisation of the process heat. 
The continuous syster4, by virtue of being con
tinuoue in operation, lends itself to efficient
 
heat exchange techniques resulting in the maxi
mum possible ;%rofitable use of the process heat. 
This contributes further to economy in steam 
consumption.
 

5. 	 In the batch deodorizer considerable amount of 
steam is wasted for maintaining agitation in 
the oil during heating and cooling processes;
such wastage of steam is totally eliminated in 
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the continuous system as the heating and
 

oooling operations are conducted under dyncaic
 

conditions not requiring extraneous agitation.
 

6. 	 The function of the deoforization equipment is 

to-conduct the deodorising operation; in the 

batch process, utilization of equipment fror 
this point of view amounts only to about 60%, 
the remaining time being consumed for chirgtng, 
heating, cooling and discharging oporationu. 
In the continuous system the deodorizer is uti
lized upto 100% for the deddorization process
 
alone as the flow of oil is continuous and
 
-heating and cooling operations are conducted 
outside the Deodorizer. 

7. 	 Air is the arch enemy of the deodorizing process.
 
It results in oxidation and impairment of oolour
 
under the conditions of process. In the conti
nuous system a special Deaeration Stage ensures
 
effective removal of all entrainud air before
 
the oil is heated to the operating termpurature 
and subjected to the deodorizing procuss. Better 
stability of th. finished product and lighter 
oulour is therefore achieved in the continuous 
system than in tho batch system.
 

8. 	 A certain amount of loss, termed the 'entrainnent 

10881p is involved in the deodorizing process. 
The entrainment lose is reduced in the continuous 
system by virtue of the short duration of the 
deodorizing process - about 25% when o-impared to 
the batch processing -reduces correspondingly 
pousibilities of hydrolysis of the oil and loss 
of the resulting volatile fatty acid. 

9. 	 By virtue of its low consumption of steam - about 
40% as compared to batch processing - the require
monte of condenser water in the continuous system 
are co respondingly lower when compared t) the 
batch i.roosing, Thanks to the effective heat 
exchange techniques, the requirements of cooling 
water are also aignifioantly lower. 

10. 	 The equipment of continuous system is very compact 
and occupy a fraction of the space that wuuld be 
required for batch operation of equal capacity. 
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This feature is of particular advantagu atthe 	 time of oxpansion of tho existing plaa,ts
as higher capacities can be achievel without 
any 	 extension of the building which wjuld
otherwise be necess ry 	fir batch system. 

11. 	Above all, the continuous system ensures
 
uniform quality throughout. It requires

practically no labour for operational

purposes once the plant has been started up.
 

Deaerated
 
Steam an First of all, deodorizer operation is olisely tied in with

important

factor. 
 good boiler operation. 
The first step in the operation of
 

boilers supplying steam to 
the deodorizer is to be sure
 

that the boiler food-water is deaerated prior to entry in
 

the boiler. 
Water at normal tempezatures contain dis

solved air; 
 if this air is not removed before the water
 

enters the boiler, then the air leaves the water inside
 

the 	boiler and travels along with the steam. When this
 

steam passes through the 	oil in the deodorizer, the air
 

also passes through the oil, and we have a condition 

existing that the deodorizer is designed to avoid - that 

is, direct contact with air at high teperatures. To 

avoid this, the water should be passed through a do

aerating preheater where the water is heated to, or close 

to, the boiling point under conditions where the air is 

removed from the water, 
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Dry Steam is If boilers are operated olse to their maximum oapaoity, 
Essential,
 

there are two potentially dangerous conditions that can
 

adversely affect deodorizer operation. Surge loads, such 

as caused by opening steam to heat a batoh of il, 

applied to a boiler close to maximum output, will often 

cause the boiler to prime, that is, water from the boiler 

will oarry over with the steam. When this slug of water 

reaohes the deodorizer, it can cause two things to happens 

wet steam passing through the ejector orifices will upset 

the vacuum system, and a slug of water entering the oil
 

with the livestoam will cause a sudden vacuum breaks the 

water upon contact with the oil at 2100-230*0 will flash 

into large volumes of steam, momentarily overloading the 

ejector system, and possibly even causing a oarry-over of 

oil into the condensor downlog. Also evaporation of this 

water will deposit boiler solids into the oil. 

Steady Steam The same overloads applied to the boiler can cause drops 

in boiler pressure, and if the steam pressure drops too 

low the steam ejectors on the deodorizer vacuum system do 

not work efficiently. The vacuum drops, or more correctly, 

the absolute pressure.in the deodorizer rises, sometimes 

as high as 20 to 30 mm,
 

146
 

http:pressure.in


The net result of all tho above describod diffioultiGs,
 

or any part of them, ie a decrease in stability of t.' 

produot, as well as a deterioration in flavor and odor. 

The produot is not as good as it can and should be. 
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HnROGEWATI0N. * 

means of oonverting liquid oilsHydrogenation provides 

shortening andinto semisolid plastic fats suitble for 

margarine manufacture. Howeverl it also enhanoes the 

stability and improves the oolour of the oil. 

The reaction requires a oatalyst; the catalyst employed 

in oommeroial 	 plants consists basically of nickelp although 

of copper, alumina etc.p may be incorporatedminor amounts 

for their promoter action. By far the greatest cnjunt of 

hydrogenation is carried out with powdered catalyst with 

the metal in a very finely divided form prepared by special 

methods and of ton supported on highly porous inert re

fraotory materials, suoh as diatomaoeous earth. The 

suspended in the oil during hydrogenation andcatalyst is 

is subsequently removed by filtration at the conclusion 

of the reaction.
 

liquidYor hydrogenation to take plaoet gaseous hydrogen, 

oil, and solid oatalysts muot be brjug,t together at a 

it may besuitable temperature. In ordinary praotioo, 


that the hydrogen is first oaused to dissolve in
assumed 

* Extracts from paper by W.J.Lehmann, Courtesy National
 

Soyboan Processors Assooiatibn of the U.S.A., New Delhi.
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the oil nd the hydrogen laden oil is brought in contact 

with the catalyst by mechanical means. In the usual type 

of equipment, reaction is brought about by agitating the 

oil-oatalyst mixture in an atmosphere of hydrogen. Agi

tation serves the double purpose of promoting solution of 

the hydrogen in the oil and continuously renewing the oil 

at the surface of the catalyst. The solubility of hydro

gen gas increases as the temperature and pressure are
 

increased.
 

The rate at which hydrogenation proceeds depends upon the 

temperature, the nature of the oil, the activity and oon

centration of the catalyst, 
 and the rate at which the 

hydrogen and the unsaturated oil molecules are supplied 

together to the active catalytic surfaoe. The hydrogenated 

product may vary according to the position of the double 

bonds which are hydrogenated, as well as certain 

i.somerising influences accompanying the reaction and are 

dependent upon the temperature. 

Ordinarily, the oonoentration of nickel employed as a 

oatalyst for the hydrogenation of fats does not exceed 

a few hundreds of 1.0%of the weight of the fat. The 
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total oomoroial usage of niekel for fai hydrogenation 

in the united States is estimatod at 800,000 lbs. per 

year plus about 500,000 lbW4 per year oaptive to produoo 

about futu billion pounds. of hydrogenated fats. The total 

wor d usage of nickel wa estimated to be 2.3 million 

pounds "in 1962. 

catalysis that operates in fat hydrogenationMlysis Te typo of 

gis hetrogensous catalysis. By definition, a hetrogeneous. 

system is one in which the catalyst and the reactants 

exist in different physical states. 

In hetrogeneous catalysis it is the catalyst surface 

which performs the catalytic funation; hence the nature 

of the surface is of extreme importance. The fact that 

the characteristics of a solid catalyst are determined by 

the submicroscopio character of surface renders the study 

and control of such catalysts very difficult, Aparently, 

similar catalysts may differ enormously in activity and 

specific action. 

It is now generally'assumed that roaotion in hotrageneous 

catalysis proceeds through the formation of unstable 
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intermediate compounds or adsorption complexes, in which 

the catalyst is temporarily combined with one or more of 

the reaotants. 

Cat s 	 Hydrogen catalysts have a strong attraction for traces of 

soap and other impurities found in all oils6 Their 

adsorption hai a poisoning effect on the catalyst; that 

,is the portions of the catalytic surface which combine 

with the impurities lose their ability to react cataly

tioally. The concentration to which the oatalyst can be 

reduoed in practice is limited by the necessity for pro

viding a certain 	amount of active nickel for the absorp

tion of poisons. The hydrogenation rate falls off rapidly
 

as the amount of catalyst approaches that required to 

adsorb the poisons, and with any oil there is a catalyst 

level below which hydrogenation becomes impraotioally slow. 

With most oils and oatalysts, this level is in the neigh

bourhood of 0.02 	 to O.O% where hydrogenation is to be 

practically complete,
 

The presence of moisture and peroxides will reduce the
 

rate and the course of the hydrogenation. The oil must
 

be thoroughly dehydrated before hydrogenation. It was 
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demonstrated in pilot plant investigations that elimina

tion of peroxides by redeodorization inoreased the rate 

of hydrogenation and in addition improved the flavor 

stability 	of the oil. 

gisiou 	 The worst poisons are gaseous sulphur compounds; h..top. 

sulphide, carbon disulphide, sulphur dioxide, oarbon 

oxysulphidet etc., since they occur in oxide hydrogen 

prepared by the steam-iron, water gas catalytic or hydro

carbon reforming process. Sulphur poisons the oatalyst 

irreversibly. 

Besides 	sulphur compounds, the poison moot likely t3 give 

trouble is carbon monoxido which is also present in small 

amount in 	 unpurified steam-iron and steam-hydroorbon 

hydrogen. Oarbon" monoxide is ateorbed more slowly than 

are the"sulphur oomp.)unds and poisons the catalyst 

reverbibly. The poisoning effect of carbon monoxide is 

highly dependent upon the conditions of hydrogenation and 

particularly the temperature of hydrogenation. At 4000, 

carbon monoxide in the concentration of 0.5%in the 

hydrogen 	will slow tho opration to a barely notioeable 

d6iree. 	 At 300"Pt'the effect will be much more notiooablep 

and at 3006P# it will not be possible to hydrogenate when 

152
 



as little as 0.1% carbon monoxide is present without 

frequent evaouation. The poisoning effeot of carbon 

monoxide is more troublesome at low hydrogen pressures. 

Most other gases which may be present as impurities are 

oarbon dioxide# nitrogen, methane t and in the case of 

eleotrolytio hydrogen, oxygen. These are not catalytio 

poisons although in the operation of the "dead-end" type 

of hydrogenators, they will slow the reaction if allowed 

to acoumulato in the head space and dilute the hydrogen. 

Oxygen, of oourse, which cause oxidation of the oil if 

present in the hydrogen and have a harmful effeot on the 

stability of the finished product.
 

E2LL& The matter of catalyst poisoning through impurities in
the oil. 
the oil has been discussed to a slight extent pretiously. 

Not a great deal is known about the natural oil and fat 

impurities that may funotion as oatalyst poisons. Free 

fatty acids in mall concentrations have little effeot on
 

the aotivity of the oatalyst, Oartenoid pigments appear to 

be devoid of poisoning tendenoies since there is no oor-.
 

relation between the oolour of the oil and the readiness
 

with which it may be hydrogenated. There are oatalytio 
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poisons (probably phosphatides) in most ewude oils;
 

however, these oils are more easily hydrogenated after 

case of some oils$ such as cruderefining. In the 


a quantity of activefish oil$ treatment with liberal 

in removing the poisonsasbleaching clay is effective 

expe
as alkali refining. However, in some instance the 

a pretreatdient is sometimes adopted of giving the oil 

catalyst auring the bleaching step or at
ment with old 

times prior to it. 

are pronounced catalystSodium and other alkali soaps 

poisons. Suffioint soap to poison the catalyst will 

seldom be found in vegetable oils which have boon well 

after alkali refining.water washed, driod and bleached 

A wide varioty of substanooes were :osted for their effect 

on nickel catalysts by Ueno. 

is often observed to accumulate in closedCarbon monoxide 


considored to be
hydrogenation systems and is generally 


of the oil. However, this
formed by the decomposition 

compound is also a trace impurity in such oommeroial 

hydrogen and there is considerable doubt that there is 

of 00 from oil except at quiteany appreciable evolution 
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elevated operating temperatures.
 

Effect of 
 Partial poisoning can effect other oharacteristic than

Poisoning
 
on Product Just the aotivitios of the catalyst. Sulphur poisoned
 
Characteristios. oatalysts, in dartioular, produoe large quantitios of 

iso-oleio aoids in hydrogenated oils. Catalysts which 

have beoome partially inactivated in use also produce 

hydrogenated products which are higher in isooleio aoids 

at a given saturated aoid level. 

Heat of Hydrogenation is an exoohemio reaction. From tho best
 
Reaction.
 

available specific hoat-data, the temperaturo rise
 

recorded by Kaufmann oorresponds,to 1.6 - 1.7 BTU/lb.por 

unit drop in iodine numbor. Hydrogenation of olive oil
 

castor oil and oloio acid yields sufficient hoat of re

action to raise tho temperature 1.6 to 1.7°C per unit 

deoroase in iodine number. 

Incidental In the hydrogenation of fats there is oonsiderable 
Effects 
accompqnying tendency toward the frmation of isomeric unsaturated
Hydrogenation.
Isomerization. fatty aoids with proporties different from the natural 

ooourring forms. Such isomers may originate from (a) 

addition of hydrogen at a djuble bond which is not 
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normally maturated by natural process, (b) the migration 

of double bonds, or (0) conversion of natural #o trans 

acids. 

COnulusions regarding composition of hydrogenated fate, 

especially those published prior to about 1955 must be 

accepted with reservation. Now analytieal tools intro

duced at that time, such as, the infrared sprotrophoto

metric technique of proved reliability, have provided a 

better pioture of what incidental effects aocompany 

hydrogenation. 

From praotieal standpoint these isomers or new acids of 

hydrogenation are of interest chiefly because of their 

relatively high melting points and subsequent effeot on 

the ooiisiotenoy of the hydrogenated products. In the 

parlance of the industry the term "isooleio acids" refers 

simply to tho unsaturated acids of high melting point 

whioh appear with the saturated acids in the oonven

tional lead soap separation of the latter. Aooording to 

Jackson and Colon at least six different isooleio acids 

are to be found in partially hydrogenated oottnseed or 

soyboan oil, with melting points ranging from 44e to 53*0, 
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Sims and iftman observed .on hydrogenating lard, tEll 1w 

linseed, cottonseed, soybean and olive oils that at.thi. 

point where the trans acids reached their maximum they 

represented one half to two-thirds of the total double 

bonds present in the hydrogenated fat. 

In addition to its bearing upon the consistency of the 

hydrogenated fats, the fozmation of various isomers is 

some concern in relation to th9ir stability. The posi

tion of the double bonds has a great influence upon the 

rate at which a polyunsaturated fatty acid or its estor 

will oxidise. In particular, an acid with widely sepa

rated double bonds, such as 9 1 10, 15 a 16 ootodeoadienoio 

acid is much more resistant to oxidation than a natural 

acid of equal unsaturation which contains the active -

CH CHCH 2CH: CH - group or the methylone interrupted 

double bonds.
 

When it is recalled that all natural fate consist not of 

one but of a number of different glycerides, it will be 

appreciated that hydrogenation is too complicated and 

methods of analysis too inadequato for any but the main 

trends of the overall reaction to be discerniblo by even
 

present analytical techniques.
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Influence of 
Temwe rature, 
Pressure$ 
AgLtation & 
Catalyst, 

In discussing the influence of any single operat@g 

variable upon selectivity and trans-isomer formation, 

its depondenoe upon other existing operating conditions 

cannot be ignored. This inter-dependenoe is well demon

strated in the work of Eldib and Albright. 

Thus whereas selectivity is improved in general by in

creasing the temperature of hydrogenationg in some oombi

nations of operating conditions the influenoe of this 

operating variable is essentially absent. In the case of 

rate of agitation and catalyst concentration, their 

influence can not only be nullified by other conditions 

but k may be reversed, as at high pressures. 

It is noted that not only is the rate of agitation a 

variable of some consequence but so is the type of agita

tion. Influences that are effective using a bladed paddle 

agitator are eliminated when a gas dispersing turbine 

type agitator is substituted under otherwise identisl 

conditions. Keeping all these factors in mindp under 

normal operating conditions selectivity is improved by 

increasing the temperature and the degree of agitation. 

Diene conjugation follows a like pattern. 
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Effeot of 
ohain length 
on ease of 
Xydrogenation., 

_ydroRenation 

*Tn suMmary, .the higher the temperature the greater the
 

'eeleotivity and the more ±sooleio (trens acids) 
 are
 

- formed. The rate of hydrogenation also increases. 

The higher the pressure the loe selective the reaction 

beoomeap with lees trans-isomer formation. The rate of 

hydrogenation increases.
 

The higher the catalyst concentration the greater the 

selectivity with more transisomer formation and again 

the rate increases.
 

Acids of high molecular weight appear to hydrogenate less 

rapidly than lower-a6Iocular-weight acids of the same 

equivalent uneaturation. Hilditch and Paul have 

observed, for examplep that eruoio aoid is hydrogenated 

with more .difficulty than Artameonovoleio aoid. oon

firmed this observation and suggested this might explain 

in part j'the difficulty of hydrogenating such oils as 

'apeseed and muBtar4 seed oil# 

Almost all of the oil hydrogenated oommercially is pro

oesed in batch equipment. Although the development and 
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adoption of continuous prooesses have been the general 

rule in ot4er oil prooess.ng opr tionsp continuous equip

ment has not become popular for hydrogenation. This fact 
I .. ""' 

may be attributed to oonsiderable mechanioal difficulties 

in a&.okeving the olose ontrol and high saleotivity by 

modern prooessors., and ,the diversity of ,hardening oondi

tions in most plants whioh .require greater flexibility 

than is readily obtained in a oontinuous systems Con

tinuous hydrogenation prooesses are under continual
 

investigation.
 

In designing a hydrogenation reaotor the principal objeot
 

is to obtain good mixing of hydrogen and oil; mixing or 

oil and oatalyst is of minor importance.. Henoe an effi

.oient hydrogenator is essentially an effioienztand easily. 

oontrolled gas absorber.
 

In the early days of hydrogenationg favour was divided 

between the so-called Wilfussohewitook eystom, in which 

oil sprayed into an atmosphere of hydrogen, and the Norman 

system in which hydrogen is bubbled into a body of the oil. 

In the United States, .the development of the modern Norman 

system has been in the direotion of simplifying rather 
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than elaborating the apparatus. The -former system is now 

seldom use4.. The hydrogenation planets ow operating 

pommeroialy in. th United States are essentially divided 

b9tween, reoircula.ting systems in hioh agitation and dis

persion of hydrogen are ,aohieved'b 'oontinuously recycling 

hydrogen in large volumes through the reactor, and the
 

nfev9r "dead-end", systemn.-in which the r'aotor is supplied 

cnly with as much hydrogen as is absorbed, 'and the die

persion of the. gas is .aooomplished' by mechanioal agitation. 

Batch Equip- The r9aotor proper is a tall cylinderi6al vessel having a 
.ment- Re61r
oulation .oapacity varying .between 20,000 to 40j000 lbs. of oilsystem,
 

containing .heating ooills and "a-distibuting device in the 

bottom for breaking up the injecting hydrogen into a 

stream of very fine bubbles.. A blower or compressor is 

provided,of large oapaoit# whioh continuously withdraws 

hydrogen from the headspaoe of the reaotors, forces it 

through a purifioation train'and'xpargos it back into the
 

oil. Undue build up of impurities and other non

removable impuritios is avoided by intermittent venting 

to the atmosphore.. With hydrogen of good quality venting 

3 or 4% of the total hydrogen is adequate. Although 

hydrqoge iq sometimes supplied from a high pressure 



tank it ":i 'more usual to store it in a-loX pressure 

holder. The r6eoiroulating blower.may be. designed to 

build up a moderate pressure upon..the~reaotor, but more 

oommonly the Teaotion is oarried but.at slightly above 

atmospherio pressure. 

Thore are ootiiderable differencee of opinion as to the 

benefit's Of the putifioation train and this portion 

varies oonaiderably in design. The earlier plants 

subjeoted the reoiroulating gas to water washing, caustia 

sorubbing, and in some eases, to contact with aotive 

carbon. In'uding the relatively pure hydrogen supplie'd' 

by modern electrolytic, steam hydrooarbon, or steam-iion 

"plant there is ~o real advantage in elaborate purifica

tions and some processors employing this. seem omit all 

steps except 'water washing anduse this step only as a 

'oonvenient means of cooling the exit hydrogen before it 

rba6hea the recirculating blower. 

Int the operatioh of the rebiroulation system, the reactor
 

iu&lmost hlways.kept filled..with hydrogen under low 

pkessure at all times exoept when hydrogenation is 

actually in progress. When the catalyst is added to the 
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oil, hydrogenation 
. I 

takes place during the hoating 

period, and thereafter as long as it is required to 

reduce the tooil the proper speoifications; water~is 

admitted to the coils to carry away heat of reaction and 

maintain the temperature within proper limits. At the 

conclusion of the reaction? the reaction is stopped by 

shutting down the compressor and the finished charge is 

pumped out through an external cooler to a filter press 

where the catalyst is removed and thence "poet refining" 

and to storage. 

- Modern dead-end hydrogenators are closed vertical cylin
mont - Dead 
EndSystem* drical vessels of about 10,000 to 60,000 lbs. capacity 

designed for full vacuum, and 100-150 pounds working 

pressure. 
Coils within the vessel are proyided to take
 

either water for cooling or steam for heating. As these
 

reactors require less head space above the oil charge,
 

they are genorally somewhat shorter in relation to their 

diameter than the reactors used in the circulating system. 

Only special agitators designed to give effioient hydrogen 

dippersion, are satisfactory for dead-end hydrogenators, 

A widely used agitator at present has two or more turbine 

type impillers of a special shrouded design, with the top 
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impeller jelatively near the surface of the oil and 

provided with a suction sleeve, that projeots into the 

hea space and induces hydrogen from the head space back 

into the' ail
 

A newer tut highly efficient agitator employed impellers 

oonsisting of flat paddles set vertically around the 

periphery of a flat horizontal diso. In iome units 

vertical banks of tubes around the inner wall serve the 

or the charge and prodouble purpose of heating cooling 

viding baffles to limit swiiling of the oil and improves 

hydrogen dispersion. Howcver, the upper manifold consists 

of an exparsion loop to avoid fracturing of the tubes" due 

expansion and cotraction during the heating'and cool.to 

ing periods. Others have helioal coils with baffles 

mounted to then to obtain the impiovement in gas dispersion. 

of th e dead-en& hydrogenator is aAi important accessory 

stiam ejeotor capable of quickly evacuating the empty 

a of 28 inches, Thehydrogenator and maintaining vacuum 


a single or two stage non-oondensing
eva uator can be of 

type. Hyfrogen is supplied to the unit from high pressure 

storage tanks throug a reducing valve set at a constant 
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operating pressure and is admitted to the unit only when
 

hydrogenation is actually in progress.
 

In operation of the dead-end, hydrogenator is kept under
 

vacuum while the charge of oil ,and catalyst is being
 

.pumped in, and also while the oil is being heated to the
 

operating temperature, the object being to deacrate and
 

dry the oil before it reaches high temperature, When the
 

batch reaches the opexating temperature., the vacuum line
 

J8 .olosed, and hydrogen is admitted to 
the vessel until
 

the pressure is Just above atmospheric pressure. 
The
 

hydrogen supply is 
 shut off and the vessel again evacuated 

.Joat.least 125 mm absolute pressure. This is a safety 

practice to avoid having an explosive mixture in the
 

hydrogonatoi while the reaction is being carried out.
 

Investigations were 
onnduoted in produotion scale hydro

genators (12A5 -ton mni.ts) which indicated by analysis of
 

the gas 
in the head space that an explosive mixture was
 

.present in a hydrogenation unit at 
125 mm and 50 mm
 

absolute pressures and waS.aVoided only when the absolute
 

pressure was at 12.5 mm or loss. 
 It requires at least
 

two purges and evaouations to 
125 mm if .the original vacuum 

is 125 mm absolute pressure. 

165
 



are. normally equipped with two reliefThe hydrogenators 
the head spaoe should avalves and steam. supply line. to 

fire occur at the stuffling box or seal of the shaft of 

the agitator. An open steam line is normally installed 

or seal to aid in extinguishdirect to the stuffling box 

ing the fire from the outside of the unit. The steam 

spaoe should be openedvalve supplying steam to the head 

to avoid drawingbefore closing the hydrogen supply valve 

air into the unit and causing an explosion. 

At the end of the hydrogenation period the flow of 

hydrogen is stopped, the hydrogen in the head space is 

drawn out by the vacuum system and the hydrogenated oil 

flowing through the coils.cooled to 160-190*F by water 


is then purged with air or preferably
The hydrogenator 


an oxplosive
nitrogen one, two or throe times to avoid 

mixture in the case of air forming in the unit. A vent 

line to the atmosphere should be installed in the hydrogen 

blook valves prevent hydrogen fromline between double to 


leaking into the hydrogenator while pumping out the
 

charge to the filters.
 

operate 
agitated hydrognatorsSome processore/meohanically 
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in such a manner to combine typical features of th dead-

For exampleg a 
reoiroulating systems.

end units and the 

is bled back through the purify
small amount of hydrogen 

.in 
ing system and then reoompressed and added to thu gas 

tank. Another example is that 
the high pressure storage 

a heat exchan
cooled externally through

the batch may be 

tank under vacuum where it is 
gor or dropped into a second 


pumped into the hydro
a second charge is

cooled while 

of the hydro

genator. One processor utilises the heat 

it 
preheat the incoming charge by pumping 

genated air to 


drop tank.
coils located in thethrough 

with evacuationdead-end hydrogenationThe advantages of 

hydrogenation by
in comparison with 

of the hydrogenator 

are sgas circulation 


and hydrolysis of
of oxidationa) Prevention 
the oils, through deaeration 

and do

charge.hydration of the 

the reaction and 
b) More positive controls of 

improved product uniformity (the
consequent at a definite
reaction being carried out 

ofand the amount
and oc~stant temperature)

the oil is eaoily ascer
hydrogen absorbod by 

drop in the hydrogen
from the pressuretained 


supply tank.
 

o) Greater latitude in selectivity 
and
 

the temperaturedoendence upondecreased 
as a factor detormining selectivity. 

d) Less expensive and more easily 
maintained. 
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Effect of 
Hydrogenation 
on charaoter-
istios other 
than melting 

The characteristic of fat most directly affected by 

hydrogenation is the iodine number which deoreasol in 

direct proportion to the amount of hydrogen absorbed. 

Certain nonglyceride constituents of fats and oils are 

reduced during hydrogenation including oarotenoid pig

ments and probably unsaturated hydro oarbons. The hydro

genation of the oarotenoids usually causes a marked de

crease in the colour of vegetable .oils. Unbleached palm 

oil which is deep orange red is no darker than other 

vegetable oils after it is hydrogenated, 

Ordinarily the free fatty aoid of a dry oil is 

affected by hydrogenation and may increase by 

not much 

0.1 to 0.2%. 

Hydrogenation will destroy the natural flavour and odour 

of any oil or fat, produoing instead a distinctive rather 

unpleasant hydrogenation odour which must be removed by 

deodorization. 

The stability of the oils as measured by the accelerated 

oxidation tests is progressivel2y increaed as the oils 

are hydrogenated, 
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Hydrogenation reduoee the zotraotive index. Tho 

relationship 'bo'tweerr iodine numbei and refraotivo iadex 

depend's largely upon the average' moleoular' Wight of the 

glyoerides. The aorrei~1on between the refraotive 

li ex and the idine number ;is not pre,6ise for any given 

va.iety of"oil but 'the -refraotive' index will indioate the 

iodine number 6o a hydrogenated -oil within one or two 

units. Since -th6 refraotive index measurements can be 

easily and 'quiokir made, they are often used as a means 

'of ontrolling hydrogenation& 

Effect of During the first stages of hydrogenation the coneistenoy 
Hydrogenation 
upon the melt- 'of an oil and the 6hraotoristios -related to it, such. as 
ing pointoon
aetencyand. the melting point, soffening point, congeal point an&' 
solid Fat Index 
bY Dilatometry)oolid fat index depend S.great deal upon the conditions 

of hydrogenation and the charaoteristice of the catalyst& 

The melting point varios'according to the saturated aoid 

'oonntenf and henoe dopbnds upon the selectivity of the 

readtiofi. 

The laok of seleotivity With reapiot"to hydrogenation of 

61yt4rides, quite ae much' a' the uqually unavoidable 

fomation of transiaomere renders it impossible to 
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are equivalent toproduce hydrogenated fats or oils which 

fate tend to be softer 
some of the natural fate, Natural 

i.n consistency and lower in melting point than it 
is
 

possible to make hydrogenated Ale of the same iodine 

number, Olive oil, for example, has an iodine number of 

quite low temperatures.about 80 but remains liquid to 

Cottonseed and Soybean oil hydrogenated to this ioddze 

number are lard-like in consistency at ordinary room
 

temperature. Consequently, lard substitutes can be 

prepared by the hydrogenation of vegetable oils to lodJna 

lard.numbers in the same range as 

Methods for Even though different batches of oil are hydrogenated to 

Hydro en4tion 
the same iodine number under uniform oonditions, s.light'

control, 

the andvariations occur immediately in composition 

characteristics. Hence it is necessary to oontrol the 

their physical charactehydrogenation of edible oils to 

ristios, rather than strictly to tho quantity of hydrogen
 

adjust the conabsorbed. In practice it is customary to4 

ditions of hydrogenation so as to obtain the proper
 

balance between the fornation of saturated acids and 

isooleic aoids (trans-isomers) and then hydrogenate the 

oil for enough to bring all batches to a uniform oonsis
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tenoy at ordinary temperatures (70-80F).
 

The problem-of hydrogenation control is loss difficult if
 

more than one hydrogenated stock is blended to produce the
 

produot in question and if a number of converter batches
 

can be blended in making up the lot. In the manufaoturo
 

of some stocks it is almost essential to intorrupt hydro

genation at some point short of the end point and check 

the oonsistldncy of the oil by analysis-before finishing
 

the batch*. 

Of the various methods that are used to control hydro

genation are the congeal point and the solid fat index, 

Beoause the solid rat index determination is time

consuming, the congeal point is used along with the 

refractive index as the control with the solid fat index
 

as the final control after hydrogenation.
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.PRODUCTION OF HYDROGEN GAS.
 

Several methods are available for producing Hydrogen Gas.
 

The ohoice of any particular mdthod is however governed
 

ly several oohiderations. The most important methods 

of-hydrogen-gas generation are by means of a 

a) Ateam-Hydro carbon process
 

b) Steam-Iron process,. 

o) Electrolysis of water. 

This process is also called hydro-oarbozi reforming
.Stea-Hydro 
Carbon Pro-. 

process for hydrogen manufacture. 'Zt is based on the
 oess, 


concept that hydro-carbons react with steam to produce 

The proodas using Prpaneoarbon-di-oxide and hydrogen. 


as hydro-carbon has boon devoloped to produce high quality 

hydrogen required for fatty oil hydrogenation. This pro

cess envisages removal of organic sulphur compounds from 

the Propane by heating tho gas to 700OF and passing the 

vapours over a catalyst such as Bauxite )r other metallic
 

oxides. The sulphur compounds are converted into hydrogen
 

sulfides. Hydrogen sulfide is removed by sorubbing by
 

alkali such as caustic soda or sodium carbonate solution.
 

The purified propane gas is then mixed with steam and
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passed through furnace tubes containing a nickel o.tc.l;-ot. 

The reaction takes place at a temperature of abjut 1500 . 

The furnace consists of one or more'long alloy steel 

tubes supported vertically within rofraotory walls and
 

heated by burners 
su'plied with natural or manufacturod 

gas, fuel oil cr some other available fuel, The reaction
 

takes place according to the following equations

3N+ 3H20o Co + 7H2. 
A portion of the carbon monoxide formed undergoes further 

reaotion, which is termed as 'Watir gas shift reaotion'. 

The following equation is apllicable:
 

CO + H20 CO2 + H2 .
 
The mixture of hydrogen, carbon monoxide and oarbon-di

oxide emanating from the furnace is furthur mixed with 

steam t3 ool it aboutto 7000F. The mixture is then 

passed through a bed of another mtalyst In section. this 

90-95% of thu carbon monoxide is converted into oarbon-di

oxide and hydrigen as per the above -equation. The gone

rated gases are cooled to 100OF and carbon-di-oxide is 

removed by sorubbinj with ethanolauine solution. Obviously 

all the carbon monoxides must be removed from the hydrogen 

gas boforo it can be uood for hydrogenation of oil. 

Otherwise carbon monoxide is a strong catalyst poison and 
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even trace of this would seriously affect the hyIdroena

tion reaction. 	Sometimes traces of carbon monoxide are
 

removed by catalytic reaction with hydrogen, forming
 

methane, Methane is a gao which will not affect the
 

hydrogenation reactions
 

It may be noted that watez?-gas shift reaotionp unlike 

the reforming reaetion, is highly exothermic. This exo

thermio heat could be used profitably to heat the incoming 

as mixture. It is estimated that approximately 2.75
 

gallons of propane are required to produce 1000 standard
 

Cft. of hydrogen. In addlitione 300 Cft. of oarbot:.-di

oxide is produced as by-product. 

The steam-hydrocarbon process has great flexibility for 

producing hydrogen gas. The output can be comfortably 

reduced without signifioant decrease of operating 

economy. The process however is advantageous when 

approximately 5000 Cft. of gas per hour or more is 

required, 

Stam-Irgn 	 This process consists essentially of alternate oxidation 

and reduot16n of a hot'iron mass. Reduction is accom

plished by means of the hydrogen and carbon monoxide in 
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ordinary water gas, made by blowing hot ooke with etean# 

or reformer gAs iade,by paoting steam with natural gas 

.or other light. .hydraoarbon. In the oxidation cycle the 

ore mass a .blown with superheated steam, with the oxygen 

.0othe latter combining with th9 previously reduoed ore 

,and the hydrogen being set .Omo. 

There ate mny. side reactions which do not contribute to 

the production of hydrogen. Considerable quantity of 

impurities are produced and they must be removed before 

the gas is rendered suitable for fatty ol hydrogenation.
 

Carbon monoxide is also produced in the furnace. This is 

used for reducing the Ferrio Oxide to an elemental iron.
 

The carbon monoxide is oonvorted into. oarbon-di-oxide.
 

The water gas is used as reducing agent. Sulphur compounds
 

-in this gas combine with iron ore in the furnace to form 

iron sulfides. The iron sulfide is in turn reaoted'.with 

steam, producing hydrogen sulfide and other sulphur oom

.4pounds which are also carried with the hydrogen gas. 

-Sulphur compounds aro worse catalyst poisons than carbon
 

monoxide. Therefore, the sulphur compounds must be totally
 

eliminated before the hydrogen gas could be successfully
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Electrolysis

of Water., 


used for hydrogenation. 

it may also be observed that theIlarjegt single item of
 

expenoe 'in making steam-iron hydrogen by utilisation of 

wate6r gas is the coke for the manufaoture of reducing gas, 

The e6ffioienoy of the hydaoen gas varies largely accord

ing to the dd'i4-'s of thb equipment. The ratio of 1.5
 

volumes of water gas to produce one volume of hydrogen
 

is oonside'rod to be reasonably e'ffioient'.
 

The possibility of reversible reaotions during the manu

facture of hydrogen by this process are substantial.
 

These must be guarded against. The investment is fairly
 

heavy and a substantial quantity of gas of approximately
 

10,000 Cft. of hydrogen per hour should be generated to
 

make this prooeas eoonomioalo
 

Produotion of hydrogen gas by means of aleotrolytio die
,


sooiation of watei is very popdar"and most dependable
 

pVooeso. The prinoiple oonsib s of pavi '.ng direct current 

through the eleotrolyte solution in a 'cell'. The current 

serves to dissociate the water into 1igh'purity hydrogen 

and oxygen gases which -are separatdly oolleoted at the 
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respective electrodes. The gesis led to low procoure 

gas holders and subsequently oompressed into high pres

sure storage cylinders. 

Megtrolytioo process yields without much of difficulty 

hydtogen gas of 9969% purityb No further purification 

conritepi will be necessary.. In general the process is 


tinuous and needs negligible supervision and ontrol,
 

orrent is obtained by passing an alternate
The direct 

current through a rectifier, which onverts the latter 

into DC current. Pure disttlled water is necessary to 

replace the dissociated water in the cells, constantly, 

If the leakage within the call is negligible, excellent
 

results are obtained relating to the input of current
 

and the outout of hydogoen gas,
 

When direct current is passed through water, hydrogen is 

at the pegative elootrole(cathode).depositod and disoharged 

a oxygn is deposited and discharged at the po3ai.Ive 

eleotrode (anode). As pure water isa prnar conluctor of
 

electricity, acid alkalis or salts vill ave to be added
 

to this water to inoreace the oonuotivity. In irduetry,
 

sodium hydroxide or potassium hydroxide is used to carMy 
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the currnt, " O.:oofduot"rikty of the oolution varies with 

the ,onoentratl:on and.'emperatuce and the most effeotivo 

solutionl chosen to' giVe the maximum (nduotivity at a 

particular operavion tempekature of. thebattery and hence 

the mi."inmum vc %LR,' The potertial and over voltage of 

the ano4e t d .thoae Affect the tot?- volta4r. of the cell. 

These idpreient the energy required to fi oharge oxyga) and 

hydrogek at the positive and negative olotrodee rospoo

tively. Sy Judioiuwus veleotion o£'meiAaIs of c.%nstruc-. 

\tion, thd voltes o* the cell' could bc .kept to a ml.,Amum. 

*8o .t]ioretioal vol'Aage required t? diseoiate water is 

1 N'2'l o that 1ocOCu6rrent efficlehoy at ihis voltagG 

will .'e'n utilication f 78.8 KwHr of direct ourrent to 

produoe 'bo stilAard OfI..%of hydrogen v±ifh' 50O r.tanderd 

VoxyLn gas, Zn industrial pr,' Icpv however,. 

a voltage ffk2 ;Pr cell ip. common. This, would mean that 

V-4VIoximatO 145 KwHr "would be"rjUired to pro oe 1000 

standard .ft,.of hydroten. NiF-mum voltage tolee'oed is 

2.5 per ve:)l at whdch point th6 electrolyte is usually 

replaced, 
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