AGENCY POR INTEMNATIONAL DEVELOPMEN T POR AID USE ONLY

WABHINGTON, O. C. 2002
BIBLIOGRAPHIC INPUT SHEET eh 70
A, PRBAARNY
. susiect [ pood production and nutrition AQ10-0336-G635
CLLASS.
FICATION 8, 87 unbDARY . . .
Food processing—O1l herbs and bushes—Soybean--India

2, TITLE AND SUBTITLE
Soybean processing feasibility study,volume II

3. AUTHORIS)

(101) SERVOTECH,Bombay,India

4. DOCUMENT DATE S. NUMBE". OF PAGES 8. ARC NUMBER
1972 192p. ARC

7. REFERENCE ORGANIZATION NAME ANOD ADDRESS
AID/ASIA/USAID/India

8. SUPPLEMENTARY NOTES (Sponeoring Organisation, Publishers, Availledility)

(V.1,192p.: PN-AAE-481)

9. ABSTRACTY

10. CONTROL NUMBER
PN-AAE-482

11, PRICE OF DOCUMENT

12. DESCRIPTORS 13, PROJECT NUMBER

Feasibility Soybean
Irdia K6 EARMY Pindia
Project planning 15. TYPE OF DOCUMENT

AlD 800+ (4e74)



THIS DOCUMENT HAS BEEN EVALUATED AS SUBSTANDARD COPY FOR
ROUTINE REPRODUCTION. EFFORTS IN AID/W TO OBTAIN A MORE
ACCEPTABLE COPY OF THE DOCUMENT HAVE NOT BEEN SUCCESSFUL.
DESPITE THIS DISADVANTAGE, WE HAVE CHOSEN TO REPRODUCE THE
DOCUMENT BECAUSE OF THE SUBJECT TREATED AND TO MAKE THE

DISCERNIBLE INFORMATION AVAILABLE.



PROCESSING OF SOYBEANS
IN INDIA
FEASIBILITY STUDY (TECHNICAL)
VOLUME I

BY
SERVOTECH

DESICN, CONSULTING AND
CONSTRUCTION ENGINEERS
POST BOX 6073
COLABA - BOMBAY-S BR,

FOR

UNITED STATES AGENCY FOR
INTERNATIONAL DEVELOPMENT
INDIA.



1,
2.
3.
4.
5
6.

8.

9.
10,
1,
12,

VOLUME II ~ TABLE OF CONTENTS:

FULL FAT SOYFLOUR

SOYMILK

SOYPROTEIN CONCENTRATES AND ISOLATES
SOYBEAN PROTEIN INDUSTRIAL PRODUCTS
DEGUMMING & GUMS RECOVLRY

PROCESSING SOYBEAN OIL INTO HIGEw
QUALITY EDIBLE PRODUCTS

CENTRIFUGAL SEPARATORS
MISCELLA REFINING

BLEACHING OF SOYBEAN OIL
DEODORIZATION OF SOYBEAN OIL
HYDROGENATION

PRODUCTION OF HYDROGEN GAS

APPENDICES.

PAGES:

1-6

7=~18
19 = 27
28 -~ 58
59 - 70
1 -99
100 - 112
113 - 118
119 - 129
130 - 147
148 - 1M
172 - 178



FULL FAT SOYFLOUR.

Cooked unextrasted soybeans have been tried in poultry

‘feoding tests by Hill & Stephenson. They found subs-
4anttdl bemefiolal results. Experiments conducted a$.

‘Purdue University on ‘feéding awine with full fat flour

have ‘indlocated comparable weight gains and food conver-
sion efficiencies. ‘Further work iras also done by
Mustakas ot al at the Northern Regional Research

Laboratory, Peoria, -

The manufacture of full ‘fat soyflour involves the

following steps:’

' Bbybeans are clesned with extra oare inm the four stege

cleaning equipment detailed elsewhere in this Report,
The beans are dried through a paddle drier to reduce
the moisture content. The hot beans are oooled through
a cooling oonveyor. The cooled beans are oracked in a

gtandard crmoking machine, « The mixture of soybean meats

. and huXle’ ats than separadéd, first through a Shakex=

Separator With aspiratidn arrengomény ahd finally on a
gravity teble to remove completely the hulls. The



tion
of Heat — A
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delicate
operabion,

practically dried meats are then pulverised in a hammer
mill into grits.

The grits are passed through a steam Jaocketted pre-~
oonditioner in whi&h the requisife amount of open stean
15 injeoted for oonditioning them. The oonditions of
temperature and moisture should be ocarefully regulated.
Lepkovseky suggests thats '

"Heat must be applied oau;ioualy and intillegently in
the proocessing of foéds.. Those foods containing toxio
proteins must be heated sufficiently to destroy their
toxio properties, but thoy must not be.overheéted~;'“
because excess heat deoreases the bilologiocal value of
non-toxib and detoxified proteins. Frequently, thexe
is little difference between just enough and too much
heat, so that oareful oontrol muat be exerocised in the

heat processing of tooda.

It 1s, the:o:&xo', obvicus that in the manufaoture of
tull fat flour from ooybeans, great care should be
takon in laintaining temporaturoa and pressures,


http:bioloel.al

The Extrudex,

The conditioned soybean meats are then passed through

a high-speed mixer where the feed stoock is properly and
homogeniously mixed tefore it is fed into the high
temperature extruder. The extruder is the heart of

the whole prooess.

In the Extruder, the oil cells of the seed are ruptured
due to high levels of temperature, pressure and moieturol
existing in the barrel of the extruder. During passage
through the various seetions, the material is gradually
subjected to inoreased preasure and temperature, By
Judiocious seleotion 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 sorew
or oold nose section., The temperature of the feed
stook in this seotion attains high 4aluen. When the
material extrudes through the final die, the sudden
great reduction in pressure ocauses the material to
expand instantanaously., This phenomenon will totally
rupture tho ocells. Bimultaneously the oil which is
expelled in the oold nose seotion through the colls



Advantageg of
re-cook

struoture as free oil is reabsorbed the moment the
material passes through the die into the atmosphere.
It is reported that the oil in tﬁo free state has
higher digestability in various trials oconduoted by
the University of Delware.

The quest for protein supplements in human food has
oentred attention on full fat soyflour. The produch
obtained from the extruder is ground into a fine floux
which is highly nutritious as human food, It provides

protein of high biological value as well as fat energy

. 6%t low cost, Full fat soyflour, being a precooked

produot, offers the following advantagess

a) The cereal portion will be fully gelatinimed for
maximum digestability and calorie availadbility.

b) Is would help the binding of proteins, vitemins
and minerals with carbohydrates %o ensure even
distribution in the product.

0) The cooked material could be formed into suitable
shapes and textures to suit consumer acceptability.

4) TFlavours and oolours could be added to such cooked
food 40 make 4he product broadbased and appealing,



Criteria fox
Edible Flour.

Field Tests
in Taiwapn,

It also meets' .«ecognised requirements as an

edidle flour:

1.

2.

3.

4.

5.

6.

7.

8.

9.

It should give a soyflour.with a high
biological value.
The beans should be cooked to inactivate the

‘growth of inhibitors in the beans.

The cooking should not impair the protein
blological value,

It should not impair the protein solubility
of the product.

The pro.nct should be bland and palatable,
It should not de bitter.

It should not have any 'beany' taste of the
original soybeau.

The produot should have adequate shelf life
at ambient temperatures,

It should be striotly in acocordance with the
high standards of sanitation,

10. The produot should be reasonably economiocal,

Extensive infant feeding trials were undertaken by
DeMasyer and his teanm,

The trials were oonducted in



& Nursery which was set up with the assistance of
UNIOEP on the campus of the University in Taipei,
Infants usualiy four months old, from lower middle
olass familiss, were seleoted for éhése trials, It was
observed that soy preparations were gradually and
perfeotly azoepted, by babios. Weight gains were found
to be generally good and in some cases exocellent., In
his report, DeMaeyer states as followss

"These trials have thus established the usefulness of
full fat soy produots as practisal and satisfaotory
alternatives %5 infant foods based on animal milk when
they are fed at levels which are not oritical from the
Protein and calorfe vView PoiNt cveeecrerccccocsvosssss
IThe practioal value of soybean mixtures as alternate
source of protoin ig 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 aushorities."

4ds nearly 100 million children in tho agoe group upto and
inoluding 5 years are said to be suffering from protein
defioiency in tho country, full fat soyflour will have

an exoeedingly important role to play in our country,



SOYMILK, #

Soymilk is very nutritious, it is cheap, and casy t>
meke, Tie Chinese discovered the process about two
thousand years ago. It looks as though it should be

a major contridbutor to the protein-calorie malnutrition
of tropical countries. The problem howevaor is that
soymilk has a terridble flavour. The flavour has been
desoribed as "beany", "bitter", "painty", "throat
cateching”. No matter what you call the taste, most

people find it objeotionable,

About ten yoars ago the Food Tochnology group at

Cornoll University becamo intorested in the soyboan ae
a rioh source of low=-cost protein. They quickly came o
the oconolusion that soymilk provided a good vehicle to
bring a nutritious, low cost protein food to puople in
the developing ocountries but that the bad flavour of
soynilk was the prinoipal obstaocle to its widespread
acceptance, 4 lengthy study of the chemigtry, bio-

¥Extraote from paper preosonted by Dr.Malcolm C.Bourne,
Visiting Professor of Food Scionce, University of the
Philippinus and Associate Director, USAID/Cornell
University contract-csd-1815, April 8, 1970.



chemistry and nutritional value of tho soybuan vwas
initiated. At tho present time, this work is being
supported by a rescarch grant from the U.S8. Agency for
International Development. Particular emphasis has
been placed on datermining the origin of the bad
flavour of soymilk, For somo ycars tho experimental
soymilks tasted so bad that it was diffioult to find

peoply who would oconsent to be on the taste penel.

BEventually it was found that the enzyme lipoxidase,
which is naturally present in the soybean, was the ocause
of the trouble., 4&s soon as tho soybcan is ground with
watai the lipoxidaso aots on tho unsaturated fatty aoid
chains producing & largo number of smaller moleccular
weight compounds, By mcans of modern sophisticated
chemical tochniques such as gas-liquid ochromatography,
mess speotrometry, nuclear magnotioc rosonance, and
{nfra-red and ultra~violet specotrometry eighty volatile
compounds were isolated from soymilk and 41 of them

were idontified.



They are listed bolow 3
VOLATILES FOUND IN COLD-GRIND SOYBEANSt

PENTANE 2 NONENAL

PENTANAL DECANE

1 PENTEN-3-01 HEPTADECANE

HEXANAL VINYLETHYLKETONE

HEXANOL VINYL AMYLKETONE

2 HEXENAL PROPYLFURAN

2, 4 HEXADIENAL PENTYLFURAN

HEXANOIC ACID BENZALDEHYDE

HEPTANAL N-PROPYLBENZENE

2 HEPTANONE N-BUTYLEENZENE

OCTANAL DIPHENYL ETHER

OCTANOL GAMMANONALACTONE

7 OCTANOL 2 TRANS-4 CIS HEPTADIENAL
7 OCTANONE 2 Tra2S-4 TRANS-HEPTADIENAL
¢ OCTANONE 2 TRANS-~4 CIS~-DECADIENAL

2 OCTENAL 2 TRANS-4 TRANS-DECADIENAL
1 OCTEN-3-01 2 TRANS-4 CIS-NONADIENAL

2 OCTEN-1-t1 2 TRANS-4 TRANS-NONADIENAL
1,7 OCTADIENE 5 HYDROXYMETHYLFURFURAL
NONANAL

Tho majority of these compounds are aldehydes, ketones,
or aloohols, At least 31 of these volatilo ocompounds
have some flavour impact, and with few exoceptions, the
flavour of thoe compound is unploasant. One oompound
in particular has a tyﬁioal "boany™ note., This is
ethyl vinyl ketone, The addition of 5 pp.m, of ethyl
§1nw1 ketone to a bl?nd-flavoured milk impacts a
distinet "beany" flevour,



Table below shows the postulated mechanism of formation
of ethyl vinyl ketone from the linolenio acid portion of
thp faf component of aoym11¥z

Postulated Mechanism of Formation of Ethyl Vinyl!'
Ketone in Soymilk,

CH}-CB2-CH - CH—CKa

(o)

CHB-CHZ-CH " CH-CH2

(o) 3 0

CH,-CH,-CH = CH~CH,-Cf ~ OH= CH - CH=CE~{ CH, ). ~C » OR
]

~CH = CH=-CH, ~CH = CH-{CH,),=C-0-R
- 27"

2
Linolenic aoid 0

40404 = OH~CE = CH~(CH,) ~C - OR
[ "

'

! 00H )
'
t
. - - OH% !
CB3-932 CH= CH 032 :
:
- - 1
035 CHa-GH CHw CH2 :
1
(2)
- - - !
083 CH2 CH CH2 ;
O0H i
CH~OH,~C ~CH= CH, |

0

ETHYL VINYL KETONE

The ethyl vinyl ketone 1s formed in six steps through
froé radical and peroxide intermediatos and is

catalysed by tho enzyﬁe 1ipoxidase.
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The problem was, how to inaotivate the lipoxidase
before it cauged flavour damage. Heating the milk
immediately after grinding did not work beosuse the
lipoxidase acted so rapidly that the beany flavour was
evident no ma‘ter how quickly the milk was heated.
Heating the beans before grinding inaotivated the
lipoxidase and solved the flavour prodlem, but it also
rendered the protein insoluble, thus g8iving almost no
milk, After many trials the answer to the problem waa
found, and it proved to bo a very simple solution,
Instead of grinding the beans with water at ambient
temperature, beans were ground with boiling water, This
simple modification of & eenturies-old technique in-
activates the lipoxidase before it produces tho bad
flavour, and at tho same time it brings the protein
in% solution before it is rendered insoluble by the
heat,

The go=-called "boiling watexr® grind produces a soymilk
that is bland and pleasant tasting., The objeotionadle
beany flavour is entirely missing. A pleasant odour

and tgsto ie present that reseombles cooked ocereals,

11



Only one volatile compound is present in detes%gbio
oconcentration in the milk. The compound is.t-octep—-3—otl,-- ’
It is formed in-the intaot-beans during the initial
soaking period, The flavour of 1-ooten-3-01 is mildly
pleasant., In fact it is one of the oonstifuents of

mushroom flavour,

Table below shows the procedure for making a sterilized
soymilk in bottlee and a loose milk to be dispensed from

& container:

BOILING WATER PROCESS FOR SQYMILK:

1. Soak beans in cold water 5-10 hours, Disocard

soak water, .

2. Preheat grinder

3+ Grind oold beans with boiling water
. 9 parts water plus 2 parts soaked beans
maximum slurry temperature 80°C,

4. Filter. Filter cake is used for animal
food or human food. ' :

‘Bottled Soynilk.  Fresh Soymilk.
5. Formulate (sugar,fat, Hold at boiling point for
minor nutrients) 30 to 60 minutes to
destroy antitrypsin,
6. F1ll into bottles, Formulate Seugar
seal, flavouring
T. Bterilize, 12 mins. Refrigerata.,
at 250°F,

Shelf lifes 6 months, Shelf life: 1-5 days with

refrigeration 8 hours
without refrigeration.

12



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, fuel, overhead selling
expenses will have to be added., The important thing

is that for less than one cent ingredient cost, e
substantial contribution can be made to the daily pro-
tein inteke by means of a highly acceptable refreshing
beverage,

INGREDIENT COST OF SOYMILK (estimated)

L.5.8

1.0 kg. Soybeans at 20 cents/kg 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 IR | BT;Z;

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

Ingredient cost per serving 0,345 = 0.69 cents.
50

(feed value of filter cake has not beon taken into
account ),

Table below shows the poreont of dgily protein intake
supplied to various age groups by one seven fluid oz.
gerving of soymilk: Two standards of roference are
listed, One is the FAO-WHO recommended daily protein
intake, The other is the FAO-WHO-Interim Btandard for

13



the Westorn Pacifio which is about 204 lower than the
FAO-WHO world standard., Using either soale it can be
seen that one serving of soymilk cen supply a signifiocant
proportion of the daily protein requirement to every age
group. In the age group most susceptidble to protein-
esalorie-malnutrition, the preschool ehild, a single
sexrving of soymilk can supply as much as 50% of the
recommended dadly protein intake,

PROTEIN SUPPLIED BY SOYMILK

$WHO-WESTERN Pacifio :FAO-WHO Recom=-
Type of Person sInterim Standard forsmended Daily

sDat Protein IntakostProtein Inteko .
xStandard:%Sf etandard:Stand-s%Sf Stan

t grams tsupplied by : ard :ard supp

H xg fluid oz, sgromg.slied dy

3 s Soyuilk, H $fluid o2

3 s $ $Soymilk,
Toddlex( 1-3 yoars) 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
Schoolage(10=12 * ) 22.4 27 31.0 19
8choolage(13=15 " ) 32,8 18 41,1 15
Adult Male 39 15 46 13
Adult Female 35 17 39 15
Lactating Fomale 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 oan be

14



tormulated in many different -ways in oxrder to oomply

with regional taste preferences, traditions, or ulfh

epeoial nutritional needs. . The soymilk oan be flavoured

with chocolats, 3poqnn§,‘raspberry,.ogramel, and most

other Qlavourp, It can be fortified with extra fat, or

Al

with minerals and vitamins, The sugar ocontent can be
' ot - :

changed to suit the taste. of any group., It can be used
TR A

succeesfully to tone the high fat milk of water buffalo

in order to reduce the fat .content to that of oows milk
without reducing the protein content. It londs itself

vy

to adaptation to almogt.apy‘situation.

There is a great potential for soymilk in‘India. Now
that the major off-flavour problem has been solved, all
that 18 needed is to develop a flavour formulation that

TS
AT

is highly acceptable to the Indian palate.

In A;OFt, we boliove that the boiling water grind
technique is an elegant example of how food technology
can oonvqrt a cheap raw material into & highly acceptable
food produot thus bringing improved nutritjon to the

peoples of Southern Asia at low ocost.

15



Cornell ﬁni-
vergity - .
Process,

Cornell University, New York State Agrioultural
Eipdiiment Station, Geneva, New York 14456, are
reported to have developed another process for the
manufacture of Soymilk and a patent for the same is
applisd foi. In this prooess, soybeans are cleanad and
preparéd'in the normallway intended for edible products

and fhé brepared flakes are extragted under carefully

‘eontrolled conditions specially designed to avoid heat

damage to the protein., A unique featurs of this process
is the use of two solvents in the extraction process,
ong of whioh is intended to eliminate those minorx
oonstituents which are responsible for the offensive

flavour of the beans,

Details of the procbss cannot be revealed as the informa=
tion is olassified but the following extracts from a
private communication from Dr, Keith H, S8teinkraus,
Professor Miecrobiology and Food Soience, Cornell Univer=-
sity, Geneva, may be of interest

"As far as our process for the produotion of synthetio
sow's milk is concorned, the first step-solvent extrao~

tion can be done easily in the equipment you have

16



designed for U,P.Agriocultural University at Paut Nugcr,
Subsequent ‘processing to an imitdtion ocow's milk is duno
by aqueous extraetion 'of the defatted powdered soybean
flakes, followed by ‘ocentrifuging to remove any insolu-
‘bles, followed by incorporation of a suitable vegetable
oil and flavouring, followed by homogenization,

followed by bottling, followed by sterilization in the

bottle if a produoct with a long shelf 1life is desired",

"Our most recent prdocessing studies adapting the
Cornell patent-applied-for process to proocessing ocondi-
" tions planned for U.P, Agricultural University heave
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 i8 in-line with plans Sorvotech has bdbuen working
on for a solvert extraotion plant for your University.
By ocontrolling temperatures, we have been able to in-
oreage overall aquoous solubility of the defatted
soybean flour baso from about 18% (Soxhlet extracted)
to 5% (batoh~temporature controlled extracted). The
dmplication of this is that the milk base to whioch fat,

17



sdéai, and milk flavours are added bosomos much cheaper
in cost, much more economioal to produce so that, in
faot, the aqueous, fat-free base can be diluted before
"addition of the fat, sugar, and milk flavour and still

yibid milk equivalent to ocow's milk in proteoin oontent",

"In addition, our studies on milk flavours have prompted
soveral ocompanies to develop milk flavours for speoifio
"use in the soy base produced by tho Comnell process,

Our most recent milks are gotting oloser and oloser to

~ the specification -~ as similar to cow's milk as good
quality margarine is to butter, General Foods Conpany
has evaluated some of our most recent milks and desoribed
then 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 tho first
place in tho world to demonstrate on a semi-commoroial
scalc that simulated cow's milk or buffalo milk with
flavours virtually indigtinguishable from tho animal
milks and with similar nutritive values oan be

produced economiocally",

18



PROTEIN CONCENTRATES & ISOLATES

8oy Protein In the manufaoture of 8oy Protein Ooncent:qio, thzbo -
Concentrate, . '
' ' baaio prooesses are nvailable. .The prooesees difter
in the teohniquea to ommobilise the major protein
'fraotion during extraotion of Oligosasharides, mineral

matter and othor oomponenxa.

Water In the water lenohing proocess at a pH value of 4.5, the

Loaching
Proocess, lower m019~ular weight material ig romoved leaving the

ﬁ_ .
'major Globulin fraoctton,

The defatted soybean flakes are treated in a stainlese
gteel vessal fitted with slow moving sgitator paddles
with water, The entire mags is made into a good slurry
:at ambient temperature. After this operation the con-

" tents aro acidified by a suitable mimoral doid to o pH
value of 4.5; At‘this sbage t&e major protein is ratained
in the mass while most of the sugars and mineral mattors
iésa into the extraot, However, it may be.noted that the
"Whey" Proteine are soluble in water at 8 pH of 4,5 and
thoa: are lost in the aqueous extraoct. The remaining

noybean flekes are further troated with L£apd qFade alk%if
"%o remove oompletely traces of aoidity. The matorial is

19



Iield and

agte

filtered and dried,

ia-the*ﬁroooiaéa 1nvént£g§té&ké§'cirole & Whitney,
Mustakas, et al it was observed ‘that using 60 to éOﬁ
Aqueous Aloohel:aided the separationof the sugar
fraction without removal ‘of the "Whey" Protein as is
the ocase with acidio water leaching. ‘It was also
olaimed that the use of aloohol helped in enhanoing the
acceptability of the final produot, in view of the fact
that traces of bitter elements are also rsooved simul-

‘taneously,

The leached liquors of the above process contained the

sugars, suorose, stachyose, raffinose and some amount of

verbasoose, These liquors could be concentrated by eva-

poration to a syrup of Molasses-~like oonsistency and
oolour, This syrup oan be used in animal feeds.

A typloal flow sheet following the' Aquecus Aleohol

_ Leaching Process and using hydrocyclonss is presented

in PLS1PCNs78 (at the end of ‘the voluhe),

The yield of dxry concentrate is approximatol& €0 to 70%
of the weight defatted flakas,

20



The compositional characteristios of the contentrates

': "Apé¢’ shown in' the following Table s

COMPOSITION OF - PROTEIN
CONCENTRATE OF THREE PROCESSES:

\-

Leaching Aqueous Moist heatd
with water Aloohol Denatura-~

pH 4.6. Leaching. tion,

..ﬂgietyre'ﬂ ‘ e 6.7 5.2 3.1
Protetn % . 66.2 67.3 69.6
“INn 2, o '
Protein, moisture
free basis_% X 7009 . 7101 7202
Fat oo 0.3 0.3 1.2
Crude Fibra % = . 3.5 3.4 4.4
.i\' Aah % ' . e . 5.6 4.8. 3.7

Nitrogen solubi~
14ty index % o 0.5 69.0 3.0

pH( 1110 aqueous
dispersion) % . 6.9 6.6 539.

It mey be seen that the protein eontents on moisture
free basis are above 70%, The conoentrates obtained
by aloohol and water washing have low pretein solubility
on. aoopunt of denaturation, 'Tﬁo'pr;duot regulting from
acid wvashing has deoidedly higher protein’ solubility,

whon it is neutralised before drying.,

a1



The Polysacoharide Constituents of the concentrates
inolude Arabinoéélaotan, Aoidio Polysaocharides, some

Galaotomannan ahd celluloses,.

The concentrates have generally bdbetter flavour
charaoteristios than compercial soy flour. They are
bland in taste and have 9glours ranging from oream to

light tan,

The eoncentrates are used in oake mixtures and
speoiality breads. The chazagteristios of moisture
absorption, juice holding and fat binding are useful in

special foods such as comminuted meat produots,

8oy Protein Rotwithstanding extensive references to work done on
Igolates,
8oy 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 gensral process is indicated in PL8iPIS101 (at the
end of the vélume). While the prinoiples of processing are



éenéraii&'indizatga,’iha deaign 5T e4ipment and proces-
sing technology continués to'bh trade sebrsts.
‘- BN TIPS SRl ST A P B UL TS
'Thahoohéi%iJﬂs %éqdiféd;fof sﬁeéliI'Eéié%%Ibn and clean=-
ing of tho'beans’ sanitation in processing and miorobial
control are’ very important. The main raw material will
be the defatted soy flakes which have undergone higher
" heat ‘treatnont. Thé’ tlakes'dre fed 1hto’ a stainless
“gtoel’ sktiactlon voshol Titted with slow moving paddles
“bnd stean he”a.'%ix'lg: ja.'éic'e’f. ' o this vessel wator is added
* t5 hake ‘the contents into & slurry. After agitation fox
"ah houf," the conténts are treated with alkali. The pH
valus W11l ‘bo mainfatied from neutrality to en alkeline pH.
L KA ‘e L .
.(?he pg?¢1cle{aize?'the liquiad solidsugatiq,.the pH, time
. a.nd t'efnp.era_t}zre are 8eleoted to achieve tho.bust yields
in the alkaline wator phase in whioh m.o;gjg. of the proteins
" afesoive 'rab'ih:iy :l'éb.vmg the fibrous residue. Tho aqueous
axtraot is then ée'ﬁatatod in a filter and sometimes the
!.Yibro.\xli'; residue is weshed with alkaline wator to obtain
as much protein as possidble. The pz’?q_'tein liquid is then
transferred to a seoond stainlpaq ategl' vassel again

‘tittod with slow 'movi,ng paddles, "It 45 troated with

23


http:mos,t.pf

mineral aocids to a pH of 4.5. At this point the major
globulin fraction of the protein precipitates. The
slurry is filtered and:the ocurd is.oconcentrated., Most
of the edible protein produced commercially is sold
either in the neutral form or as sodium protoinate,
This product is water dispersible, Consequently, it

- ocan be incorporated in wet food systems,

The isolated soy protein is generally spray dried. The
resulting product is oream white in eolour-and has a low
flavour intensity. ,This flavouxr has often been desoribed
as ocooked cereal-like, The following table indicates the
proximate analyses of several ocommercial isolates :

PROXIMATE ANALYSES OF COMPOSITION
S0Y PROTEIN ISOLATES.

COMPOSITTON A, B, G Db
Molsture % 41 64 1.6 37
Protein % 92,8 92,2 92,9 94.7
?rotoin % SMoisturo |

ree basis 97.4 98,7 100.0 98.4
Crude Fibre % .02 0,1 0.1 0,2
Ash % : . 3.8 3.5 2,0 2.7
Nitrogen solubility , '

index % 85,0 95,0 = -

hﬁn(is10 aqueous
- di@persion) % . Tel 6.8.5,2 5,5
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Yiold and
Usea,

It ncy bo noted tkat all of then have high protein

'oontvnt ond Iow fibro nercontage. The percontage of

Iaolutqs C& D are of the Ino~Zlectrio type. These

“~e non disperoible. 4ypo,

It has baen roportod ‘taat about 30 to 40% of protein
yiolds aro obtained on tho basis of the woipht of the

de*atted soy flakeo,.
The Iseletaes have aroparties ao enulsifying, onuloion
otabilizing, at-and-wator-binding, o? gollina,

thicLoning, toxture foming, oto,

Soy Protoin Isolatos are generally forttfiod nith DL~

' :Methionine Zor infant formulations. ' In the U 8. the

lsolates cre largely used in oonminutod meat produots
wierein it onhances water adsorption, juice holding,
diaporsing and 2ot oaulsion otedbilioing charcotorigtics.,
The impact of the Iqolutoe,on.dciry prdducts nasecs

furthor dovelopmont, This will .be eninontly suiteble

in Indiu.vﬁoro tio aon.availobility and non -conounption
of animal »roteins by tho najority of the population

noeds & high auality nrotoin like the Soy Protoin,



.The :typically essential anino aeid sompositions of the
protein concentrate dand isolate are shown below 3

. AMINO ACID GOMPOSITION QP 'S0Y PROTEIN PRODUCTS:

Essential Amino Defatted Soy Protein Isoclated
Acids g, /16 g, N, Soy flour, Concentrate. Soy Protein.

Lysine ‘ 6.2 6.2 6.0
Motﬁionina o 1.3 1.3 1.1
Cystine | 1.2 1.6 1,0
Tryptophan 1.4 | 1.4 1.3
Threonine 4.2 4¢3 367
| Iaolouoin;.. | : 4.6" - 4.9 4.8
Loﬁoiﬁo o 1.7 | | e;q 1.8
Phenylalanine | 5.3 R '5.3 5¢5

Valine 409 Sao 4,8

Ve -

’ ;t may be opservod that Soy Protein does show limitation
in thp sulphur amino aqids.‘methionino and qystine,

It iq'?gpn}ly interesting .to_note that these

léniting amino acids are lost inisolated soy protein,
Thia_;g‘ﬁhe result of protein fraotionation, The pro-

. tein effiolenocy ratio of commercial concentrates range
between 2,29 and 2,36, When_ these ooncentrates were

fortifjed with 0,15% of DL-Methionine, the PER value
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range botween 3,00 aaxd 3.06. Tao figures for tha

isolatod soy nrotein &re 1,00-2,11 and in tho fortigiod

protoin it roages Sotwoen 2,12 and 2.45. Obviously,

soe ingrecdiants in the coacentrates tre nutritioaclly

superior to the Isolctes.

1)

2)

~OISCICTS
a2ieed uead

Procuction of Proteia Fools cad Concontratoes yYron
Oilooods, Tropic:sl 2roducto Instituts Zavort, suno
1037 « Zlizedoth ORL & Dovic dair,

2r0coadinzs 07 tho Co=leronce on Proteia~rici Food
Procucts from 0ilosecs aeld ot ilew Orlcans,
Louioeno, lity 1663 - /55 page 2 -~ 71, jay 1€6¢ -

o =~

U.U.d.l~.

3oractt 1,5, 19581 - Soyborn Protein Jooc Procucts -
Soyt2aa ead Joyacen Products - Chaptors 23-24 -
ZeShilnrzley, Intorseioaco Publictoro,

Cirole 3.5, 10560 -~ Froteing and other ilitrozonous
Coastituton, I3ID - iuotskzs G.C, - Aldrecat 4.4J.,
Boolzrelter C.il, 2ac Gri?fin S.L. Sr, 1667 -~ Full
Fet Soy Floeur by a g8i:nlo nrocess “or villagos,
livotal:es G.C, 2a¢ GriZZia 3.L., or, 1988 - Hothod

0 prepering acidlo soyboen ciarectorised by
groectly oahanced wotor avoorntion,

SLIR L., 1869 = Srotoartious ouser conpooition and
aotiod o2 presaring noy nrotein ooxncontratos cnd
igolaton,
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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 ocasein, are ordinarily prepared
in the alkaline pH range., However, soybean proteins
having solubilities, viscosities, adhesive strengths,
and other characteristios 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,
eto. 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 possidle to produce "tailor-made™ proteins which
exhibit a wide range in behavior and proterties and,

hence, adaptability to many uses.,

Industrial Iso- Most isolation and modification processes for soybean
lation and Modi-
fioca%ion processes,

* Extracts from Soybeans and Soybean Produots,
Intersoience Publishers Inc., 1950,
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protein have been designed to develop good solubility,
‘ high adhesive strength for Winding the pigments in paper
coatings or water-thinned paints, and visooéity charao=

teristics similar to those of casein,

The firat process for modifying soybean protein by means
of alkali to impart to it more desirable characteristiocs
was described in a patent by Cone and Brown, They treated
100 parts of ground press cake with 2000 parts of water
and 10 parts of caustioc soda and digested the mixture at
60°F for 24 hours, Digestion at 120°F shortened the time
to about two hours, The; stated that the digestion had a
denaturing action on the protein and that its ultimate
viscosity ocould be controlled, but warned that if the de-
naturing action is ocarried too far thé adhesive properties
may be impaired. To the clarified extraot liquor they
added lime to preoipitate about 10-20% of lime-insoluble
'prdtein} which treatment was claimed to impiove the colorxr
of the final protein product, and when ﬁsed with lime-
containing material, such as satin white, to prevent
detting and thickening. As an alternative method, they

extracted the protein with an alkaline salt solution, such

29



.ag asdiun sullite, =2d acdec 10 serto oZ line to the
Liaoeroio: i* ordar to ’lochlate out tha linmoa-insoluble

‘ Zraction aad to de:".ggo the soluble prorain. Sy & third
aotaod téoy oxtr;ctod a:zd nodified the srotein in ono

otey with 10% linmo, on & 2lour bao;o, prior to its oeparation
Zron tle 2lour, “hooo noci?iod protoins wore finally
2rocipiteted at pI 4.4 aad 2209F, Thoso concitions for
p;ocipitatiqc t:0 >rotein wore glainod to jnprovo tho
ha:dliag.prgpartioo o2 t23 cuxd, Tyay also nontioncd that
aéglonoraﬁion 02 t-o nrociviteted prgtoin ig pronoted by
tho additioa o2 certon iiou{fida. Cono &ac 3rown reducod
‘“o noioturo contont of tl0 ocurd to 88%, iisintegrated it,
6ad dried it at 00-100°F, efter waioh it wao cround to

40 nesih,

The idoen presexted ia tle ebove satont ere congidored
basic and, as stoted by Wahl2oros anc Jatosly, tho
nrincinel cdva:tago of the Cono a2ac Srowa natoat lies in
tho 2eot t_"t oo:trollad uni;orn vzuconity cen he cttained,
They aloo poiztod out taat t;o rojoction 02 the line-in-
nolublo drotaia Ty Cozo ead 3rovm loverod t:o ovor-sall
yiold of protein to 20-28%, &= taoy daosoribed a netiod

whioh izeraased this to 32% by oxtractiag and cigoating
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tao 2lelzes ot 86°F for 14 hours with 3 rarts of ceustie
soda and 7 nerte o2 hydratod linme, Thoy clained thet
undor theso coaditions a portioa of tao lino=~inoolublo

orotoin is resolubilizod,

Tho axtraction of protoin 2rog soyboca flalkos with

coustic 8llmli solution nroducos & slurry wiiocld is
diffioult.to aendle by scrooaing oad ceatrifugation;
taoreZore, Julina 2ad Lelter rocomucadad tlia uoo of water
so the oxtraction nodiwa, Tho slurry obteinod witi this
nadiun woc roadily scoscrated iato o wator oxiract cad
flalzo residue. ‘Taig oxtrect weo tion digasteé Zor 8 Jours
ct 110°F with 2,5% onch of ccuotic sod.n oac¢ lire, based on
ti0 srotein conieat. ‘Tho oxtraot ligquor wao clorified by
coatrifugetion during tie pvoriod of digastion and the die-
nsolved p?otoin pr&cipitatod b7 odiuotiag the »>d to 4.,0-4.8.
The nrotein curd was tﬁiokened in a tiiokonor, woohed by
roolurrying &nd rotiickoning, iltered, driod, &nd ground.
Thoy obtoinod & yiold of dry nrotoin by thie »rocoos of

24-20% beood on t:e original woigat of fleZos,

Davideoon dogoribod ¢ nmatiod Zor cCoturaiaiag the propor

ccount o2 aliell to uoe Zor extéaotion &nd digestion -of
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tiae protein froa eny given ooybesa cecl, Jevorcl proli-
niaery batches o proteia ore 2irat ande fron the moel by
oxtrootion wits vorying emouats of slkali in t:o renge of
3-0 narto of sodiunm tycroxide jer 100 nerta o2 wmocl., Tho
vicconitios o2 10% solutions o2 tho isolated proteins,
adjusted to p3 10,0, &re tioz nlotted againot t:e anount
of slleli uood to oxtract tho >roteins, Troc tao »lot of
theoe date, it is poosible to seloot the coacaatration of
alkzli socuired to obiein & cu~d vhica is ecsy to aendle
and & finishad proteia wit: tie racuized acheoivo or othor

choractorintion,

Julion =zd Zngstron deocribed & :rocens for treatiag
soyboen Zleizeo prior to extraction cad nodificotion wita
elleli ia wiiek sulluric or tyérochlorio ccid ig added to
tho ccucous slurry to obtaia ¢ 2 o2 4,7 at waich veluo
tha slurry io 2old Zor 2 Jours ot 170-100°F. This digeo-
tion wit: Eot ceid inoolubilizos »ort of the protein in
aliolk, Ioprovemanto in viscocity, color, cad ad:asive

otrength ero clainad Zor tho igolsted and nodiliod protein,

Lowronco aad Zioronyaus extractod tie protoin rom ooybean

2aos ot 48-859C wita ¢ 0.3% trioticnolamine solution end
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modified the protein, after separation from tha residue,

by heating the solution to 60-70°C.

Henning disocussed the difficulties of separating the
extraot liquor from the voluminous muoilaginous and
gummy meal residue when soybean protein is extracted
with caustio 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 isoelectrioc point of the protein
which is thon 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 aetion of the acetate ions.

Julian and Malter added sodium peroxide to an alkalil
extraot of soybean protein to improve ocolor, adhesive
strength, viscosity, and tendenoy to gel. The improved
flow properties of the isolated protein were claimed to de
especially useful in the preparation of cold water paste

paints.

Rauer and Torrington claimed that e free-filtering meal
slurry is obtained by tho addition of sodium hypochlorite.
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Acocording to this process the protein is extraoted at 60°F

with ten parts of a solution containing 0. 3% gsodium sulfite
and 0.1% sodium hypoohlorite. These inventors also claimed
that the use of a mixture of 90% hydrochloric acid with 10%

sulfuric aocid produced a less gunmy protein precipitate.

In a process described by Morse, 80-100 mesh soybean flour
is leached at the isoeleotrioc point of the protein to
remove sugars, salts, and other soluble materials inoluding
coloring matter. Leaching is carried out at about 70°C for
40 minutes, It is claimed that under these conditions
coloring matter, allied with and probably derived from
gluoosides, is hydrolyzed to yield pentosans and a water-

goludble color-base,

Boyer et al patented a process in which soybean protein
ourd is dehydrated by slow-freezing. On thawing, the
protein settles out and the curd is readily washed. They
olaim that the slow-freezing denatures the protein, thus
meking it suitable for spinning fibres and for pzper

ooating and cold-water paints.

Other processing oonditions have been proposed but the
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Industrial
adhegives

emulsifying
produots,

d

present praotice in this country is, in general, covered

by the various patents disocussed above.

Soybean flour ia the basis of important industrial
adheai#ﬁs and emulsifying prodgots. Its most important
use, froh a tohnage standpoint, is in the manufacture of
water-resigtant plywood, Considerable amounts are also
used és an adhesive in the manufacture of washable wall-
paper. It is not entirely suitable as the sole adhesive
in the ooating'ot magagzine, bqok, art, and l1ithograph
papers, but 1t.1e extensively used in mixtures with casein
in which the soybean flour content amounts to 20-30% of
the total adheqive. In operatipns'where a specific degree
of tackiness is required, such as in tube winding, it oan
b; used provided about 1 pgrt of isolated soybean protein
of casein is added to every 4 parts of flour. Soybean
flouy has been ext;naively employed as an adhesive and
emulsifying agent for oro@grd sprays and as a8 binder for

Qater—thinned_painte prepaged for intexrior decoration.
In addition to its use as a paper-ocoating adhesive,

iaolated soyboan protein is used to varying degrees in

vater-thinned paints, in the spinning of synthetic protein
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fibres, as a protective colloid in the manufacture of
rubbexr produots, in leather finishing, as a fire foam
stabilizer, in plastios to improve flow properties, as
paper and textile eizing agenta, and in other applications,
For a list of aotual 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 presorvatives host frequently used in adhesives are “
the ohlorinated and/or phenylated phenols.  These
materials will preservo protein adheaivee successfully
'provided they are used in sufficient amounts ordinaxrily,
4-5%, baged on the dry weight of the adhosive, is suffi-
"ofent, prévidéd gross contamination with bacteria from

unclean equipment is avoided,

Ons of the most effeotive preservatives is the sodium salt
of pentachlorophenol, which is marketod under the trade
nemes Santobri te and Dowiocide G. Another effeotive pre-
aergatlvb>oommon1y'uaéd is the sodium salt of chloro-2-
phenylphenol, which 1a maxketed undor the trade name of
Dovioide C., Whon oither ot those two preservatives is used,

"“there are occasional oomplaints of dernatitis among the



Plywood Glues.

workers handling them or mixturos 6ontaining thor.s o
preservative least apt to cause dermatitis is tho eociuc
salt of o~phenylphenol or Dowicide 4, which is often

preferred to the other aforementioned phenols,

The first large-socale industrial use of soybean flour was
the develoﬁment of plywood glue in the Paocific Northwest
about 20 years ago by I.F. Laucks and Glenn Davidson, who
imported specially prepared hydraulic-pressed soybean mcal
from Manchuria. In the preparation of this neal, special
precantions were taken to avoid overheating in order to

keep protein insolubilization to a ninimum,

Beaides being rolatively cheap and plentiful, soybean
flour adhesives produce a strong bind which, although not
waterproof, is highly water-resistant. Beocause the adhe~
sive mixtures are not tacky, the glued veneor is easy to
handle, and theraefore the manufaoturing prooess ocan bo
speeded up considorably, Another advantage oocurs from
the fact that veneers containing 20-35% of moisture can be
successfully glued, thus reducing oonsiderably the losses
resulting from splitting., In addition to its extensive

‘use in the manufaoture of water-resistant Douglas fir Ply=-
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wood, large amounts of soybean flour plywood adhesive are
algo used for making box-shooks in the Eastern and Southern
States, water-resigtan£ plywood boxes being especially use-=
- ful for packaging goods foxr export., Soybean flour glues,
in common with casoin glues, have been unable to make any
great progress in the fields where thin venscers are used

because the alkali in the glue discolors the wood.

The following formula is typical for a soy flour plywood
glues soyboan flour, 100 lbs.} water, 390 lbs.; ?ydrated
lime, 3 1bs.}; caustio soda, 7 lbs.j silicate of soda(Phila-
delphia Quartz "N" brand or equivalent), 15 lbs.; and

oarbon tetrasulfide (equal parts cs, and 0014), 1 qt.

Soybean flour is also used extensively in blends with other
adhesive bases, For example, soluble dried blood is added
to inorease water resistance, espeolally for use in hot-
press mothods. Mixtures of soybean flour and casein have

lower water requirements and inoreased wator resistance.
Another developmont which has contributed to the continued

large-gcale use of soybean flour glues is the succoss of

hot-press soybean glues, According to Laucks, the soybean
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Soybean Flour
Paper-Coating

Adhesives,

glues, as finally formulated, were found to have ¢ araect
advantage as compared to other types of glues in the iot-
press. They were found to be much speedier than othexr
glues and speed is the essence of the hot-press method.
The hot-press development also led to the so-called

"mastioc" 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 oquipment
had to be devigsed. With mastio glues an exceptionelly uni-
form and high quality product is obtained with mass produc-
tion economy. The fortifiocation of soybean flour with’
spray~-dried blood has also contributed to the inoreased

use of hot-press protein glues.

Soybean flour is an important coating adhesive. When
prepared for this purpose its partiole 8ize should be
smaller than that ordinarily required for plywood glues,
watef-thinned paints, etc. For best results, 98% of the

flour should pass a 300-mesh soreen.
Dilute alkaline dispersions of soybean flour have a low

visocosity, but as the concentration approaches one part

of flour to give parts of watexr the dispersion develops
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oonagiderable body although it will still flow well at

room temperatures, At oonocentrations above 16.5%, however,
the visoosity inoreases rapidly, resulting in poor flow and
eventual gelation. One of the most useful properties of
soybean flour dispersions is their thixotropic behavior
when they are allowed tostand without stirring. This
thiockening effect is valuable in keeping pigments and olays
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
marks 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
caustioc soda are used per 100 parts of soybean flour, which
glves a dispersion having a pH of about 11,0 ~ 12,0, The
pH and visoosity will remain reiatively stable for long
periods of time provided bacterial and mold spoilage 1is

prevented by the use of sufficient preservative,
About 4 parts of pine oil (defoamer) and 400-450 parts of

water at 7p-100°F axre placed in a mixer., The nixer is
ata;tod. 100 parts of soybean flour are slowly added, and,
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after a smooth paste is obtained, 40-50 parts of 10%
sodium hydroxide solution are added, Mixing is coatinuod
from the time the flour is added until 3Ominutes after
the solution is made alksline with the ocaustic soda
solution. A solution of preservative is added, and the

| final ooncentration of the iispersion is adjusted with
water to the desired visocosity., The product is now ready

for mixing with the olay or pigment slip.

Bain et al have reported that a slight inorease in adhe~
sive strength of coated paper is obtained if the adhesive
golution containing soyboan flour is heated for one hour
at 140°F in the range of 2-5% caustic soda. Heating at
temperatures above 135-140°F with caustio goda darkens

~ the mixture,

Bleaching of soybean flour dispersions to obtain lightex
colored coatings is sometimes desirable, This ocan be
accomplished by the addition of 1-2% of sodium hydro=-
sulfite, based on the weight of the flour, to the dis-
persion after the ocaustic soda is added. The reagent
also reduces the viscosity of the dispersion and its use

is ofton recommended fox this purpose, The addition of
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sodium or zino hydrosulfite to bleach the pigmente asso-
olated with soybean protein has been disoussed by Smith

and Max.

Weter rosistance and a high degrce of washability can be
imparted to soybean flour coatings by the application of
a8 "converting" or tanning agent after the paper is coated
and partially dried. The tanning solution is applied,
usually with roller applisctors, after the coated paper
has passed through the dryers, A typical foraula for a
converting solution is alum (iron-freo), 14 1lbs.; water,

85 1bs.; and formaldehyde, 1 1lb,

This flour is not only used as an adhosive 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 quantities of casein or isolated soybdean
protein to tho flour adhesive mixture, it is possible to
meke a high grade washable wallpaper using only soyboan
flour, A4s high or even a higher degree of weshability

is obtained with soybean flour as with isolatod protein

or casein,by the use of tanning solutions similar to the

one given above,
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oyboan Pro- It is noteworthy t:et tho largest sianglo uss of crooin
tain Papor-

Coating aad soyboen protein is in poror costingo, Thao avorago
Adhosivos,

1940-1046 conoumption o2 otpoin ia tae United Statos wao
about 85 nillion poundﬁ %24 of ooyboan »rotein about 18
nillion nounds, apzroxinzicly one-hal? of oce: enount

being consuned in penor coctings.

linokine coating of papor sad tho dovelopnaat 2ad uso of
isolatod soyboan nroteiz as ¢ coating adicsive beocase
comercially importent ia the Uaitod States during the

doccdo 1935-1044,

Bain ot al hove otated that the anountq of verious
allzalis ordinarily rocuired to :riag about tho solubility
of curmorciel soyvoon nroteia in wator cre soda ash 10%,
eonoaia (2893e) 108, ccuotic soca 3.5%, and borax, 17%.
Thooe anounts ere basoec a2 t:o dry weight of the arotein,
The coating nille, aowovor, com:oaly use more olkali, ce
shown in t-o followias typiccl Cirootions Zor nropcring

adhesivo Zor uso ia cocting nanor otock.

Jtir 100 perto of srotoiz into 480 narts o wator,

Continuo to cgitoto polorcioly cand allow mixturo to soak
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Phgor ond

Toxtilo
YT

1% ninutos. Thon £3d 2 :orto of cmnonis (2892e) with
continucd ogitction, tloxt add 10 sarts of ooca noh
(previously cissolved .in B0 narts o2 wotor), end raioe
the temjerature to 130°F, Continuo to otir batoh for ono
hour or until solution of tae arotein is comdlote, Tho
adhooive sslution is taea ready for oddition to tae

pigoont or cley slip to rclkze thy cocting color,

Contqd poporo cax bo ucde wator regiotont by iha acdition
of 3-8% of tochaical grede 2orncldedyde to tko coating
colors based on tae woizat o2 t1a soyboon srotoin, ‘hen
Zoranldehyds is uocod, c=liclio puca 6s borax or crnoaie
o=ould be cddoc to dissolve ta3 protein. For atcxinun
wator ronistonce, it is goaorally advisable to map tko
pd of t-o color betweon 7 2ad 8, It is cloo conoidared
edvioeble to diluto tho 2orzaldehyde with woter prior to
woo, It kos booa found tist botter weoter rosistonce 1o
obtained 12 tae Zormcldeiyde io addec to the color juot

nrior to use and if tsa color is uood s oooa &o doooidlo,

Soyboon protoin is oa inmportiat sising notorisl in tao
aonulacture of paver, cad it is also uoed Co ° toxtiloe

pizo. Iroectiecally all grodas- o popar, wita tae oxoeption



of blotting, towelling, 2ilter, &ad otler similar typeas,
ere oized in the nrocess of nenulecture to nacle thea
reaiastant to the nenetration of liguids aad noisture.
Viriting »8per, Zor oxerinle, is sized to resict tie pene-~
tration of inlz, juot as food vwrapping paper isockaed to

resist the penetretion o? water, nest juices, ete.

The usuel nethod o2 sizing is cCesigacted &8s Veeter or
engine sizing, It consiots oiaply o edding & sizing
acterial to nulp wiile it is beaten in such & way tact
the neterial adiaerss to the pud fibres in the IcLriocation
02 tie shieet on tle perer-naliny mzciine, Ordincrily, a
rosin emulsion nreperoed by cooking and saponifying rosin
wvith sode esh is =dded to tae pulp in the bdstter charge.
The rosin present in %:0 eaxuloion is nrecipitzied on tae
fibres by the adcition of pajermalier's alum, Lany dif?i-
culties develop in the manulecture of uniformly eized
paper, which users ol t:is type of rooin size Leve novor
veen eble to overcone, ALi.on; the variedle Zectors
af2ecting the onarctioa tre :ind of nulp, cctioa of the
beater, hont, anrczeso o2 t:e woter used, £nd sneel of
paper-2oming nmoacaine. Furthornorb, tie use of excaooive

eaounts of rosin or alun, or both, caunes tie resulting
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paper to deteriorcte wnculy witi ace,

A nethod of ocizing 1aa been prteated by “owlsnd which is
said to overcone nost o2 tie ci?2icultion o2 oxdinary
"engine oising", T:iio develonment io the besis of the
"Prooige" process in whioh eoybeen nrotein is used, The
improved cizing aataricl is osroneared Ly adcding soybean
protein to & 2,8% colution o2 sodiun resinato contcining
a slight excess o2 Iroe rosin but no 2lun, The anount of
nrotein nddec, according to the natent, usy vary Zron
10-80% bHooed on wweight of dry podiun resincte, Tao nixture
is otirred and tae nrotein combines with eny Zree alkali
present cal with gsone o2 tho all:ali in the rosin asize,
3oric soid io then addad in & cuoatity to ZJorz a lerge
anount of Zinely <ivided rosia narticles, which, in tum,
are stabilized by the nrotein, Tko theorotical basise of
this developaoaat 2o doon discussed by Nowlead and 3ein,
vho olein the procoss rocuces rosin recuirenorts 35-88%,

aad alum racuironentas 20-458%,

Worren heo olcined that soyboan protein io superior to
oasoin for surfcoe aising on clialine-£illed (oloiun

ccrbonate or t:o lilo) uncoated papor,



Jator-Thianad
Paintg,

Banford aco roported t:at scetato rayon woeavars 2ovo fouad

soybean nrotein o22ors cortain advsatages ovar ostendard

. weletin end casein sizoo, Frobably the »rincinal advan-

tago io that olash-oylinder tomporituron cra aot oo oritical
with goyvaen protein &o wit: tho othaer oison, Tooto havo
2oma thot it 1o virtuclly iapoogiblo to b2za or ovoriaoent
tho oise within tio noracl renzoe o2 itounerstures soaerally
otteinablo on olookors. It hao Booa Zound tiat thorg is
littlo or a0 dangor ol cauwsing tie ocize to dotoriorete or
bocome insoludle, JLccording to Sanford, oao o2 tho princi-
281 probdleas in slasiing ccotzte yorns acs Lausa thot of
ponotration, Teot runs 2xc croco sectioncl photoaiorogradhas
Zove olowz tlat ozo o2 tha advantajes of coybaca nrotoin sise

io ito ability to ponotrate ccolate yora,

B8oyhoan protoin is uool ia 0ll tynoo of wator-tiinned pcinto
and in peny inotcacoes soytosa flour is oqdally 02octiva,
Boybocd srotein 18 ugol as t:0 cdhoesive, 2ila-foraing tnd
watororooling cgoat in nagto zacd owdoer colc-wator =ainto,
In rosin-oil sauloion wainto, soyhora srotein cad 2leur

eid 12 to Clonoroal o” t:a5 rosin-oil ::noo wnd otedild-

cation of tho oaulaeioan,
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Plaoticn.

‘lator ptote nainto aro Heoed on ecooin or soybesn drotein
dionorscod by allz21l or borax undar controlled coaditions
ond :oﬂi#iad with drying oils or oithor wetor-insoluble
£11n componoats., Theso peinto are usunlly noro durable

thon tho cold-watar powdor painto,

Zowovar, ia oono tynes of paint soybatn »rotoin hes
cortain cdvamtazoo, Jor oxandle, tho thickening cetion
of caleiun-dase nigmoats ia o casein paint reoults from
tho forzation o2 tho onaringly coludlo celeiun ocrseinato;
thorofora, & nrotoctiva colloic ouch co soybosa protein,
vhioh 88 boen procossod to romove lime-iasoluble
notorials, is nroforrod, It is also claizoec tlct soybodn
protein doop not 2cve tho otringy, oticly casracteriotics
nooulier to otsein wion usod in wvator-thinned peinte and
tiat its uoo improves bruolicdility sad nckos the noint
21iln noro whshable, Tio rocdor is roZorrod to Lcttiollo
and othorn for a dotailod discuosion o2 tho formulation

oaad nonufacturo of wator-tiinned points,

It wvas 2ound that roducing tio wator contont o2 soybocn
nodl or srotoin Lolow about 85 zave a baso nttorial from

whioh o tyno of nlastie oould La :aade awing proportioes
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nore closely rosenbling zoin thon ocsein plastiocs.

3rothor cnd MeXinney found that soybean urotein,

hardened or tconaed at a pd of 4.1, nroduced a aaterial
thict wvas thormonlastic and of ninioun wetor cdsorption,
tho water aboorption of this natericl ia 24 Lhours boing
about 10%. Tho Zorasldehyde-hordenod nrotein, sltiough
t&oru;plaotio, rocuirod 10% or moro water coatent cnd
rathor high nolding »ressuros, Theso sane authors later
reportod tiat a oracldohyde-iardened »rotoia powdor
could be proparcd wiil a moioturc conteat ol 8% or laos
and glccticized with othyleno glycol, glycorol, or the
likke, 3rothoar et cl concidored nono of thoso plasticizors
entiroly satisfactory, altlouch taoy did pornit tao pro-
toin plastic to cone finishod Zrom the die. Thoy atated
thcf 2ornnldehyde=-hordenad soybotn protein is tierno-
nlastic, aad nuct ba chilled ia tie dioc uncer prossuroc
before renmovel, yot it doas Lot flov roccily onough to
0llow noldiag injootion dica., To be of coamorcial
inportenco it must bé ncdo to worl: ia injootors or bo
rondored_nuffioio:tly ttornqootting to allow rono;al fron |

2ot cCios,

The higi wator obsordbont »ronortios ol soybodn nool
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rooult ?ron t15 3rosezce of nrotein aad of othor solubl:
notorials such co osusors sad oclto, In ordor to minimizo
tho in:iuonco 02 t:o solublo coaotituonts of soybodn meal,
the ooluble nonprotein compononts wore roroved by leaching
at tho iooelootric poiat o2 tho »rotoin, Thio stop was
followod by o 2oat troatnent to donature or insolubilisze
tho wrotein in the nocl, The donc.turction nrococure was
-oarriod out Yy ccjustiag tie noisturo contont of tho meal
to about 20% axd 2aotizs wadsr prosoure at a toaparature
of 228-280°F Zor two or tireo lJoura, &loo ol intorast

in tkie oco:nootion i{so tas worli of 3aclel, 3ull, ond
Jdonpor oa tie ia2lucace of toat ead noisture on tho nHrogros-

sivo insolubilization 02 the protein in soyboon mocl,

Tho rosicducal incoludle aael tict reneins altor the
extraotion 02 the »rotoin cca be used in plece of tho
loachod nocl, It io rolatively 2roo of wator-soluble
ouzars cad salts o2 noy coatcin 35-60% o2 orotoin., Thio
by=produot, reoultianz Z2ro= 4o induotricl isolction of
soyboan protoin, can boa addad to the nhenolio rooin if it
io first hoat-donaturod, and ito uco in >lostics 1o more

artoticnl tian t:o loaocioec noal,
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Loao10d, denatured soyy.na =08l oan be used to roplace oo
nuoh 68 B-10% of th1e more ex3aneive phonol ormaldehyde
resins without altoring cooreciably tho ocuring time and
strongth o2 tho 2inal nlaotio, Sinc; 19 =e0l contains
only chout B0F protoin tad t2o roacindor is imort noa-
plastic =nctorial, 1095 o2 tie necl nmuot 30 used to roplzoe
B% of rooin and 5§ o? wood flour. ‘102 soyveon moal 1o
used to replace wood 2lour, = strilzincly largo iacrosso is
notod in o nlestic 2low o2 taa a0lding powder 2nd o 2rao
flowing =ollding powdor asy o nroduced by wing 50% roein,
40% wood 2lour, cad 10% troatec manl or nrotein residuo,
Juch free~flowirg moléing nowders cro usuclly mado by using
60% resin ond 40% vooé flour, Jince tha introduotion into
the noldingincustry of eleotroaic nrohoating ocuivnoat,
nolding powder or prefoms are ususlly proisatod bofore

nolding,

Sottor flovw chinractoriotios ihen cre Zound in othor hig:
inpaot nlcoticn cre clained for this nroduct vhleh cone
taino chonped tire cord or mceoratoc cloth as a fillor,
About 0% o2 this metoriel ic “oing sold in nroforuad

- disko, oubes, reotanglen, and other otaadaré chenos, Tao

prelorns nre out 2ron slhootod otool: Laotocd of Loing §ro-
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Toxtile i'ibrosg,

ptrod by forning prosses, It io claimac it the oxzcop-

tional 2low proserties o? these compounis noles it poosible

 to obtnin noldodhiocos 2roe o2 rooin sogragction usiag

nolding tenneratures aad prosgures lower than thoce

racuired to mold coxzvoationcl impzct conmpounds,

Soyer hnn.roconnonéod tho uso o2 & woalkly olizline solvent,
such c8 0,1% socdiun sulfiie solution, to oxtrnet the nro-
toin and oo indieciad tiaet tho sinmplor motliods ero the
noot satislaotory. Tho resvlting zrotein oxtract io
clariZioc cnd the protein »sreseinitotad with ceic, sumothor
inportant point, ocoldon nontioaed, h2s Laon emphsizad Ly
3oyar ot al, namely, thot tho procinitotod nrotein ouct bo
thoroughly washed to elimincte undosircble solublo soclts
cad oxcoos ncide, The nrotoir curd is Zinclly dewatered
and driod zrior to use in propering tho 2ibor-opinning

solution,

T:o epinning solution is osrdimarily »renared by éissolving
tke protoin in couctio soda et ¢ higl »3 to procduce &
stringy, viscouo salution, Cline, for oxample, k2o
desorilocd tie use o2 an 1C% oolution of nrotein Loving o
pd of 12,6 ozc Vornmoll ot ol o 18% solutioa of nroiein
disoolved in o ;.4$ occustiec soda solution &s ¢ ouitablo

ospiaaing nodiun,
83
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Secance o the tondonoy of soyboon protein to forn gels

et bigh concentrations, it is difffeult to orepcre nolutions
having nore thon 12§ of polide. The reader is agein rofor-
red to viscosity Curve - which onphosize ¢txo necesoity for
using low concentrationo of unnodified protein to propare
solutions thet will not sel. Coybean protoin solutions
nrepored ¢t pH valuos noor acutrality will eithor 2241 to
form fibran in tae cosgulating both or will fomm 2ibres

to00 wotl to haadle,

The £inol otep ia tao acnulacture of protoin 2ibroo is the
oxtrusion of t:e protein oolution through spinerattes into
the nc@d-coogulating bath cac colloeting the filaments on

o reel, bobbin, or in o cpiaaing pot. L1touge ueny
varictions in'prooipitsting botas sre voocoible, they usue
olly conoipt of suliuric oeid, formeldohyco, cad o salt
guch 08 oodiuﬁ oaloride or cluniaiun sulfcta to Jcoilitote
dohydrction o2 tio filanerts, Stratohing curing cad citer
coagulction to orioat tho fibros io importent cad tho £ilo-
aonts aroe nullod thirouch tio ceid beth end ovar "Godot
whoels.” Cline 20s omphosicoed thoe iaportence o2 otrotohing
the filaoneats ia the congulcting bath Lollowed by furtior
otretolins in o 2ot salt bath to ordent soybocn ond otaor

2rotein 2ibros,
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Taclzy oad

Ronoistoning '

Adixcsivoo.

Tho after-troatment o2 the fiber involves & rolctivoly

- long i:noroibn of tio fibar in a formeldohyde bath to set

it copnplotely, cutting it into t=0 desired stanle leagtk,
and drying it uncor controlled hunidity end tomporaturo

condi tions.

During forld “Jar II, tie gractor nort of tho ioolated
goybocn protoin sroduced wos hydrolyzed oad usod by the
U.J, ilovy to nropcroe ¢ Zoan Zor fightiang oil and gesolino
firoo on war ohins. i coydaca protein solution was Zod
into a wator strocm and 4he zixture coavorted ianto & foan

by noens o2 on cerotiag no%zlo.

Jetzor dbncribod a Jrocoos for tao contrclled hycrolyoio
of soyboon oad othor sroteins vith lito to nroduce o
hydrolyznte hcving 28-80% of the nitrozenous constituents
in tho Zorm 02 nortonos, lleutral acueous solutions con-
toining 1% o2 the hycrolytie nrocucts aro recommoancded for

procducing air-foan Jor ire oxtinguisiing 2Uurponoo,

Thoro i8 nloo o lorze cdhosivo fiold in whieh a dried
gluo coctiapg nust dovolon adhasive proportics and Zomm
¢ bond whoa it is moistonocd witi wator, OSueh ndlosivos

)

are odlled “romofstoninz™ or gurming adheoivos,
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3urnott ot al heve siowa thet, wnder cortcin concditious,
soyboda and pednut >roteins cta Lo used in t:o 3reporation
of taoky and romoisting typoo o2 adhosivos, PFor tiais nur-
pose taey used a srotoin that had not Laoa subjocted to
nodification but was »roncred uader conditions oirilor to
thoso previously cosoribed im tho isolztioa of protoin for
2iber spinning, Tho isolctod aroteino ore used in the

Z2orn o2 hydrotea, Thoe protein hydrates cre concble of
binding inoroasiag amounts of water, Zrom avout 30-70% by
woight.of the 1, es tho pd valuo of tho systen io increased
from 4,56-9,0, Tho preseace o2 wator in oxcoss ol tact Tound
by the protoin raoults in disintogration o2 tio protein-
vetor syston, Tae protein hydrates cre taelyy cnd at pH
volues near noutrality have viocooity chertotorictios that
nake them osuitebloe for use as adhosives, Gurmod tape Hro-
porod fron vosnut nrotein hydrates has relatively good
adhooivo strength. Jinilar cate for soybocn »rotoein io

not availablo,

It is too ocrly to ovaluate taio develonnent fully, but
it is notontially irportont boocndusoe it oneans con oeatirely
new 2i0ld for wiich vogotahle zroteine hitvo not heroto-

2ore boon oo:osidexod auitshloe,



Printing Inls,

Hinccllonous
Usoa,

Sohautzler end Otamer investipgoted the utility of soybocn
arotein cispersioas £o voliclos for tao tyno ol printing

ink wiiich is ccusec to set tc o ord 2iln by procipitation.

A& osuiteble diopersiox wes cede un of 130 parto of ooyboon
srotoin, 48 »erts o2 gucaidine carbonate cs tie cismersing
agent, &ad 592 narto of diethylene glycol., Jatiofcctory
nrinting inke w:ic: wero htordened by exposure to stecn

wvore =ade with tl:is diopoersion but the wator resiotcace of |
tho prints wap poor., Thio dofect wopo cttributed to tho
high clkaliaity o2 the digsnersioa conttiniag the large

caouat of guaaidiae carboncote.

The boost rooults vere obiained whoan tiae »rotein was

tllowved to reect witih poraloracldehyde in thaa prosenca of
cetolyots, oucl as cluciniua chloride cnd zine nitrate, oad
of protein-precipitating rosgoats, such 2o pheayl isotaio-
oycnate cnd ohenolic resins. The q:trocteristiec proportios
92 tloso liprordbns iaciccto taat ouel nroducts nay ba

ugoful ia othor fioldls.

In tho rubbor incustry, soyboca arotoin is usod 5@ o

atebilizor of lotox onuloions,



Goyboan 2lour in used as a ocore bindor, For.oxanplo,

Lone hes doscribed tho nrenaration o2 s foundry core made
fron oore sond, unextrected (i.e., full-fat) soybean flour
ond gasolino-insoluble nine wood rasin,

Joyboon 2lour is used extoasively in the ncnufacture of
agrioultursl sprays. It eids in dispersing the active
ingredionts curing nixing aad leops taon suspended while

the snray mixture ds boing coplied., Soybean flour ai:voo
excellont wotting cualitics to the epray nixture and assurco
oven, 02Zeotive covorcge with o nininmun of waste caused by
run-022 fron onrayod surfaces., It binds or oticks the
activo ingredionts firmly to tho len? surZacos, this nini-
nizing ronoval by =nin, yot it pafﬁits aasy renoval of
spray resicuaio during washing onerationa, Tho flour puot be
ground suZficiently fino to avoid clo;ging the spray noszloo,
For tho nronaration of orecheord sprays, Edd& has degoribed a
stock 03% oil onuloion which containe 10% of what ho colls
& ooyboan gol, ‘Tho soybatn zel io nropcred by cooking ono
nert o2 tho soyboon mesl with ohout 180 narto of wator,
after vaiol obout 10% csuotic poinoh, basced on the weight

02 tha nocl, io addoc with consteni stirring, - Tho otoolk oil

opuloion 1o dilutod to 2% for use as a onray.
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Tho linoloun inlvotry uces boih soybean Zlour ond

ioolctod orotoin in the proparstion o? tceliag sriners

for asnacli-coated Zelt, Joybean yroteih is also usod

ap on enulcifying cgent Jor oils ia Jelt beso floor
covaring acralcoture, Soctuse o2 its sealing proporties,
it ncses ¢z idozl omuloion orimer sealor ovor sspaclt folt

boZore nrocossiag oilo cre espliod to fianish tae nroduct.

Thao aiga tolorcnce o2 soybasa zrotein Zor Zormoldelyde
nclzeo it & dosiradlo ingcrociont o2 loatior Zinisheo waore

vator roocistxiico io rocuired,

Tho uso o? soybora Zlour in t2a srescrction of asphalt
onuloions 4as Haon natorntad iy Zonlo et al aad Toylor,
Tho natoat 02 tho lcotter ougsoots tho use of such

onulsiono 2or :igkwvey building, as ¢ »0int, watorproofing

natericl, 2looring natorinl, oto,
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DRGUIRING AilD GUI3 SECOVIRY.

Pats and oils obirinod eiihor by oxpollor process or

2ron solvoat oxtractiog coatein a varioty of non-
glycoride conotituontn, Tho oonstituonts donond upon tho
source ol raw r:otoricl, nothod o2 extraction, nmonner of
otorage, ote, Tho 2oa-glycaride connoaonts condrioce
ceaerclly ol »iaosdhctidoes, cervbohycrctes, storols, ote.
llot el1 t:o conctitueats cro undooirchble; Jor izctanoco,
otorols lio Tocophorols sro “eolpZul in tho awoveation
of ogidatio: ol unsaturcied constituonts o2 wogatollo

oils, Thay act as cnti-oxidants,

“hosphatidoo cre basicelly associatod with 2ato and oils
in ceny plaﬁt ticoues, Thoy cozoist of a poly-hydric
8loohol ocuch as Glycorol or Lipozii:lo estorifiod with
Zatty noids oxd eloc with phosphoric ocid, Tho phos-
phoric acid is in turn ocombined vith & nitrozoen conpouad,
Two cormon phooiiactices are Loeithia ead Copianlin cond in
tliose phdnphatidon ono fatty ceid radienl is ropleoced
w7ith phosphoric noid., In Conhelin, nhooshorie acid io

ostoriliod wviti Oycroxy 2thyl Anino or ecolanmino., 1In
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Lipositol tie 8lco20l cordonoat is not Glyoarol but
Inooitol, Taio io how it {s estorifiod with Zatty

cseida, »hoonhorio coid, Galaotoso ond othor oubstanocoes,

Jchol2iold ot ol acvoe ronorted taat ooybocn oil phoo-
ohatidoo consist of apnrozimstoly 26% Looithin, 31%
Canhelin oad 40% Inoositol, 7o Locitiias cre geaernlly
‘tcotono olooliol solublo aad tho roemeiaing Cepkalia and

Inooitol phosnheotides aro insoluble,

Thoe linice conaist o2 two grouns, vis, tze phosiiacticoeo
aad tho cqrobroﬁioeo; tao Zor:ior group ccntaino the
locit§1nn, conialine and opiingonyolins aad t2o lottor
group, the ph-enosino exnd izoracine, Tho looitiino and
caplaling contain nitrogon cad nhosnlhorous in tiao ratio
02 1:1, Tho carobrodides contain nitrosea but no vhos-
phorous ond coatein & carbohydrate group, Acooraiag to
dougncnn, orude soybesz oil coztaina cbout 1.0% shos-
phctides and ooznotinos as nuchk o 3,28, Lecitiains cad
oophaline cax o oerxroatad 2-o0n tie foity ao0id glyoceridos
by tieir incolubvility ia acetono in wiieh 2aity coid

clycorides =re soluble, The coephaline cre sporingly

2o



coluble in ethanol wiile tie lecitiins aro more ooluble.
(Moeloan oad Uaelocn, Jpiogel-idolf, Wintorstein aad
Wintorstein, Grun, 3ull, ‘orlinz aad indrows, Bloor,

llaricley and Gose, &nd Btaaloy).

Looithino contoin one molacule of nhoonhoric acid, One
02 the hycroxyl gsrouns of tio nhoophoric ncid rolocule

ig ia turm ontorified with ¢ noloocule of choline 20052

cazn(cné)é):. Thoy oxist in alphe cnd bota formo. The
olpha forn io optically ecetive as tia contral carbon

atoz io aoyrmotrio. Cophalin cif”ors 2rom Locithin in
containiny o colemino group or hycroxyothylanine
HOCH‘CHz(HH)é, wiich is atteczod et tho hydroxyl group

of tlo ohoaphoric ceid. ‘Joolley ioolatod an inositol
paoaphatide vhick 33 nenoed lipositol, wiich lod Foleh

to conecludo tizt conicliz-is o mixture of inooitol,
nhoanhatidyl=sorino ~ad a nore unoaturﬁtod conpound 7hioh

containg a0 cnino aoids,
Tao 2otty coido ol 2lhoophotidos capoor to bo nmany,

Tabastor ronorted fodine valuos of nixed 2atty ocoids o2 the

acotono inocolublo nhosplatidoo oo 92,8 indienting the
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prosonce ot noro unsoturoted acids than oleic, Susuki,
.YoLohama 1nolatod a norios of loocithins a8 bnonideo
yiolding palnitolinoleo-a-looithin, oloolinoloo-a-looithin,
and dioloo-a-loocithin, ato, Delozerskii and Kornov identi-
fied linoieio cad linolonie acid phogphetides in greater
guantities in tle qotylodon locithin than in the enbdryo
leoithin, | |

Hilditoh ead Pedolty.oxanihed thé fotty acid conetituente
of.tha nhosphatides aad observed that "tho rengo of fatty
aoide ia t:o phosphatides in cuelitatively the caue as
thet in tho ;orronpondiﬁg-glyceridos, but tha proportions
of the ooqponeat oéido vﬁry.widely ag botwoon the two
t7pos of ueod lipids. Thoy nqted the coaciotcnt oceur-
ranco of 3 to 6% of Jichly unoaturatec ccidas of the C=20
and C=22 oorigs vwhich aro ot »Hrooont-in the glycorides
"o theoo oilo, ond oloo thet the phosphatidoo contained
larcor vorcontagon o? saturctod soids tbaa wore found 1n
'tho glycorides, Thoy sloo notod the prosonce of . cpp¢..
ciable cnounts of highly unocturated acido of highaes

noloculor woight tiaan c-1o, tho nrosonce of whiecl &ppoars

ta be charactoristic of all naturcl phoophotides ond

.


http:rooont.in

Ti:o Procoos

DGL/07

pointed t:2t linoloic acid in the‘moot characteristic

8oid ol ooed phosrhatides,

120 ohoniotry of vhosphotides of tho soybedn neodsmuch

aore izvastigotion, Tho nuzbar.cnd acture of the phoo~

phatides aro unknown, T:o rotio of thogo coavonoxnto to

6n9 caothgr,or ol tio variability of thio,rdtio in
di22oront soybecn oils aoeds invootipgation, Tioy cro aot
coﬁplétoly rosovod by tho laowm mroocessds, Daudaert obe
oo¥voo.th:t "b2ood oa tao 1iz: perceatago of linoloie
acid in coytoca phoorhctidaes cad tho 2cot taat only two

fotty ceid grounn.ero »rosoat in & givea eotor, tiero

' o2culd bo a 20061bility o2 igolating diil:oloo-nubntitutod

phoopiatidio optors.

Crﬁdo poyb2an qil rocoivod frop {:o oxtractioa plent io

storod in doy tanlk (300), Tho oil 4a homosocisod i3 the

teak by mo2no o2 o olow opood saddle cxitator, Lotor

uniorn nixing, tho oil io pummod into a Zoctor (332)

wioro tho tounorature is reiced to elout 60°C, fhia oil

o jumpoc tirougi o eartridge tyve cutonatic 24lter (301),
. v

0 loavos o2 wiiol oro. oorlior pro-contod with 2ilter
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aide (303), Any odopendet ingurition afo ‘thus soperated,
Tha ¢lenn oil 1d thea ‘stored in o soocond surge tonk (304).
Tho oil is thon punped tirough & notoring dovice into 8
pizing uait wioro dure diotillod water, 2roo frou ccleiun
ooatanination, is punmnad acain throuzh o retering cevico,
On ocoro occnniono roagontofeuch as p=oll cusutitios of
~ydrogon Poroxide or.Acotio iahydrido zr2 oloo potared
.into this pizing unit, TFrom the pizing uait the nixzturo
0f oil, wator snd roagonts >2os tarough o soocond 200t
oxchanzer (308) whore tiao teupariture is further rcicod

to about 700C, Tao zixturo io then.zaouad tirough rotoa=-
tion tenl:e (309) wiore tae disobiﬁod cuns in wotor aad tho
daguaced oil umdergo gentle 'Lreak!, Iron thooe ratontion
taalko tie nixturo is punped iato o Contrifugo (810) wiore
t:o oil io senarctad Zror tho hydrated nixture of gunso,.
Lt taio otage tho guns sro otill in dilute colution ond
it will bo necoccery o farihor troat taio solution with
bloacaing rocgonio to roluce o colour, Iroa the ot
Guno Tank (318) t:o olurry io ‘punpel iato o Flooh Drier
(319) whioh {s uncer high vacuun. OSubstanticl aznount of
wator 1o ro:oved in this onorction cnd sumo containing

’

20 to 28% o2 wztor cfb'punpod into Procuct :iolding



Tanke (317), At this stege the Leoithin is in pre=-
vonderaat quantity, Thio Leocithin 18 uood to fortify
Soyflour intonded to bo used os high protein product,

Thoe soperated oil Zron tho Ceatri!uéo (310) 1s collected
in Surgo Tonl: (314), Tko o4l is pumpec iato o Eestor(312),
into & Flash Drier (311) to romovo all tho wotor ond nake
tho oil éry. Tha driod oil io thon pumpod tirough o

Coolor (313) cnd puanod into Dogumed 01 Storsgo Tani,

For tho nroduotioa of soy~locithin with 65% phoophatide
contont (Acotono insoluble) and 1% moisture froo oil
containing 2% ohoophotides ani with the cddition of 5%
20tty acido to enoure fluid cé:niotonoy, an:roxiastely

20 Kgo o2 coznorecinl leocithin. product is obtoained fron
onraroxiatoly 6¥2 Tono of erude oil, It is importaat to
a0te tist foity ceids aro aogesoary to.nnko dehydrotod\
looi thin end apoune fluid consisotenoy for botter hnndllnd
(Poabiolninc). (Toforonce: JAOC3, lsrch 1087).

Ia & noyor os tho Cegumming otop Myors observod tant in
nornsl dogunning procoosos aot uoro thon 90% of loeithin
oould bo ronoved ao weier deguaning otop will a0t conplo=

toly sydroto looithin, In tho nommel proocecaos, tho

L1



remaining lecithin has always been reméved in the
subsequent alkali refining step along with the free
fatty acids, Hayes & Wolff (JA0CS, Vol.33, 1956) dis-
covered that adding about 0.1% of Aeetic Anhydride in
the orude oil before degumming would help the leoithin
to 'break!., The subsequent addition of degumming water
would cause all Lecithin to hydrate. This could be
removed in subsequent centrifugal separation. It was
ebserved that approximately 66 to 68% acetone insoluble
Leoithin 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 losses 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 produot
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 co-morcial locithino aro of six com:on grales, Thaso
crot nleotic-conointeroy unbloached, singlo~bleachod cnd
double~blocchod lecithins ocacd tha'fluid-co:oiotoncy une~
bleached, singlo~blocchod and Zoublowblocelod lecithing,
Looitaia with o high feitty ceid coatent wro elways fluid
or pourablo, [luid oonoictezoy lacitiain io nade Ly
adding 2 to 8% 2aiiy coids to plastic cousioitonsy laci-
tiin, Tho oil-Zroo locithias ere ncdo by oxtreeting tho
soyboba oil withesetono, &xl drying tia rasicuo uacdor
vaotun, Tao lizht Hrowm grenules kaop woll, Thay oruloify
otsily ovox in cold wator to form hicﬂly Gionvorced aad

trenolucoat onmulsions. Jlomnlotely oil-froo niaosohatides

will oxidico dioscolour aad daeco:o uno:ulnifinbl&\and in-

colublo quiel:ly oa oxposuro to cir.

Conr-orcial loocitiiin io Lrowm to light yollow in eolour.

It a6 no odour ond heo o blend teote, It io coluble dn
alishatic aad cronntie hydroecrdono, Lika otier anti-
polar curfaco-nctivo agonts t:0 phoophatidos cro inocoluble
in polar solvoats 1liko -:otonon, »ortioularly cocotona, It
i6 inosolublo ia wator. oniod above 10090 it gradually

oxidisen, darlkons and docorposcs.
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Ia Lot water, olightly oll:alized to o pH cbove 8, tao
opulsiZicotion o locitlin is roa@ily acconpliched, Tho
enuloions cro usod in tho textile, tunning, cad coonetic
industrios. Thoy c~ro oubjoct to microbial attacl: and may
bo p;ooorvod by additioa of hydrogon naroxi~e, bonzoie
acid, hoxanothyloaetotranine, ete., 3y uwsing o suitoble
oynthotic dotorgoat, locitlia oaulsions cay be provonted
fron preocipitoting. Ao ito cozstituont Iotty ceid-con-
taining phospiaatides are cntinolar arecoating tae

otron;ly linodhilie 2et-Zcrring 2oty acid nuclei 2t one
ené 02 tid molacule, and tio sirongly yirophilic anino

or nhosonhorie coid aueclei at i:o opnrosito ond, soybean
locit2in 10 o wotting ogent, 1% io o2 adiblo iatorfacicl
cotivo agont ia tha Z2o00d iadustries, Tho Jydrophilic axcd
lipophilic grouno in scch rolocule aro balcacoed, cac henco
it is cn oxcolloat wotting agent evea in oil syotoms, suech
as okocoletes, painis, pyt.. t ~ dnlo, ate, Obviously
coanareizl looithia hag tho atructursl wotocts o2 on

onionie iatorlaco nodifior,

Looithin ooy bo soponifiod rocdily by boiling with aguoous

vasos, /Lold hydrolysio »rocucoo f{roe fatty acice to yiold
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8 otoarine lilo ocolid. It ea=mot bo sulfoxntad oaoily.
3y consorvatiag wator-soluble droea tloy o6y Yo nede oid

golubloe,

o DATETS CTRIIISLYL COMPOSIRION OF SO LICIT:II.

(Soyhoens end Soydoan products .. %.3, lizrkloy)
Coaotituont: Por count,
Phoonhatidyleloline T 21
Phognhatidyloticnolanince 0
2aoszlroinositides, lipositol, ote, © 20
Phoorheticdes, othars 11
Ooyboeca oil 33
Storolo, tocopharols, ote. 2
Srdohylirates, froo 6

) tcl seoe 100

Soybecn loeitiain slould bo odiblo, waolesoro fal lysionio

Zorx, 200G 1zlusiry,

Ldded to Horccria; in onell sorcoateges, it couces an
adoqration of:oisture cad mravaais "blaodiag". It
countoracts npattori£3 caring fryins. 1Ia caocolatoo, it
heo 2n oxcolloat wetting cotion. At 1% accaition to oil,

it couson o ra’id onuloificstion o2 tho .0il ead oyrup

during coolting rooultinz ix ocootior, richor aad acne

otiolzy nrocuct. Ja ioe orecn, it funotiono cs an
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emulsifier like egg yolk or glyceryl monostearate. It
represses orystallisation of lactose in {o0e oream ocon-
taining high serum solids and produces a smooth prodmot.
In pharmaceutieal products it is used as a scurce of
choline and inositol., In cosmetios, 1t is used for its
emulsifying, emollient, penetrative and absorptive
properties, It improves the stability of lather in soaps,
In paint products it is a dispersing agent and improves
their levelling and brushing qualities, In rubbers, it

increases its tearing sttength and aots as an anti-axidant,
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Introduction

PROCES8ING SOYBsAll (IL IilT0 9 4 N

QUALITY £LISLE F-.CTUCTS *

The problen of the ilevour stability of ooyboan oil has
been given wide publicity by ceny investizators.

Soybo;n oil and other oils containing poly~unsaturated
acide, such as raposced, safflower, corn, and cottoaneed
oil all develop of? 2levours waich are deacrivec as

buttery, beany, graosy, nusty or Liohy,

Ail of the investigections coacucted on the flavour
otability of soybean oil .-v: lec to the manu?aocture of
prodgctl of inproved quality rasarcless o? the.oompooi-
tidﬁ o tae starting material, That the Zlavour
stability of products of ;ood conswmor rcceptence can
be manufactured from ao&bonn oil is ochowm: by tie

increased utilication of tiis oil all over the world,

-

P

e e o &
¥ Harold Vestling, Freo, Uwecdiah ilarzcrine Induotry at
IFli4 foafcrance, Stoc:olu, 24-28 iday, 1067,
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To achieve the highest quality produoct it is necessary
to start with a good quality orude oil., The oil must
then be protected from oxidation as much as possible
during processing. Oxygen is absorbed by the doubdle
bonds of an unsaturated triglyceride forming peroxides,
The peroxides are decomposed during proocessing, refining,
bleaching, hydrogenation and deodorization to form
carbonyl compounds are volatile and are removed during
deodorization. Others are non-volatile, odorless,
tastelesa and remain in the producds after deodorization.
The non-volatile compounds accelerate the formasion and
deecmposition of peroxides during storage of the ppoducts
made from the oils,

Motal contamination should be avoided, particularly
oopper, since copper has a very pro-exidant effect on
the oil, The replacement of one brass valve with a steel

one is said to improve the quality of the product

72



manufectured, Copper io Lnowz to have a- civorso effoct

on oils evez whox sresent i3 irsce enounto,

Uetel sequosterin; ageato suci o oitric ncié end Pio0-
phoric ceid uood uncer tho aroser co=diiiors can roduce

t-e effoct o2 etallic tracos tc cirirel caourtso,

Yool en€ diriculturel Crpenizction of the Unitod
iletions S=ecilic-tiono 20> soy-ern oil

-3

Esoestic) Couvosition end [uality Jzctero

&8, Idontity clarecteristico

~eletive Denoity (2CCC Jater at 2CCC) e C,016-0,02E
ReZroetive iacdex (= 422C) = 1,400-1,470
Scronification Value (ug L4 por gn) = 109-10

Iocirne Velue |.ijo) 1,8% 5y wt,

C AR IR
®* e e
[ ]

b, Quality characterictico

1, Colour
Caorceteriotico of Teoizacted Irocdrvet

2, Ocdouvr c=i Teote
Cisrectoriotic of cesigarted rocuct ezd
freo Iro.. Joreigsn end rcicid ocour snc isote,

3. hcid Telue (i.c:,level) ag..i0. zer 3 = 0,8
. 4 - . . A . -~
4. Peroxice Veluo (.eax.ievel) 1g. per .:iio = 10,0
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6, Oontaminates
Max,Level

Matter Volatile at 150°C 0.2% by wt,
Insoluble impurities 0.05% by wt.
Soap content 0,005% by wt,
Iron 1,5 wg/Ke
Copper 0.1 mg/Kg
Lead 0.1 mg/Kg
Arsonic 0.1 mg/Kg.

Fatty Acid Soybean 0ils have a rather wide range in fatty acid

Composition

of Soybean ocomposition, The composition is influenced by the

oil,

genetio characteristios of the variety and the olimatie

environment during the period in which the oil is

elaborated in the seed, The usual range in fatty aoid

composition is shown.

Analyses

Saturated Acids Wt, %
Myristic and Lower
Palmitio

Stearic

C20 and Higher

Total saturate

Unsaturated Aoids Wt., %
C16 and Lower

Olelc

Linoleio

Linolenio

Total ungaturated

14

Minimum Maximum

Trace 0.5
7 11
2 6
=03 —_—
11 20
Trooce ].
15 33
43 56
5 11
83 90



Pretreatment

of soybe

0dl pricr to

alkali

refining,

Crude soybean oil contains from 1,5 to 3,0% of mixed
phospholipids which are economically recoverable as
'leoithins', Crude degummed soybean oil contains not
more than 0,9% of the mixed phosphatides as indicated
by the speocifications for this type of oil, These
ingredients remain in solutio~ or as a fine oolloidal
state in the 0il as long as they are anhydrous and the
0oil remains dry. When wetted they swell and form gels
of higher specifio gravity and separate in flocculant
partisles that can be separated by gravity if the oil is
allowed to remain acquiescent or they can be separated
centrifugally, The mixed phosphatides are economiocally

recoverable as 'leoithins’,
There are essentially two systems of pre-treatment in

use in the edible oil industry for the removal of the

gums present in soybean oil.
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lkali

Refining of
Boybecan_oil

A, Bpecific troataent wita rozoval and isolation
of the guns for oclo oe lecitains.

B, Conlitioning ol the cums witd acicic additivoo
20llowed by alleli treatcent wit: tae ooenaration
of tne zums in the socpotock,

Wrilo both motiiodo cen vo betch, ceai-continuous, or
continuous, the 2irot riothod io gonerally pore practicel
vaen accompliosed in = cortinuous conner, The occond
netiod io prectical for ratel, sani-continuous or

continuouo vrocosoos,

Soybean oil cen reacily be alkali rofirec from orucce,
orucde-dogunmoed or cogu=:ed oil simce there io ao de~
colorization nroblem. It io 2ighly rocomnoenced that
the oil be pretroated with O.i to 0,2% phoonhoric acid
or oitric acid Lefore olizcli rofining to romove tho
netal contanircteo, necrticularly iron or coppor, vaich
aro dotrimontsl to tio Zlsvour cad oxicative otability
o? the oil, Tio protroetzont aloo aico in cénditioninc

of the pumo when alkali re2ining oruce or crudo-defur:106
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0il, Most refiners in the United States do not previously
degum orude soybean oil i{f the gums are not to be sold as

1leoithin’,

The speoifications for 'refinod soybean oil! ares

1. shall be oclear and brilliant at 20 - 30°C
2. shall be free from settlings

3. shall not ocontain more than 0,14 woisture and
volatile matter using the AOCS offioiasl method
08=~2d4~25,

4. The free fatty acids shall not be in exocess
of 001%0

5. The colour of the refined oil where bleached
according to the AOCE method 0c~8b=52 ghall

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

ce-9b=55,

tch A Batoh alkall refining is practised only %e a limited
extend in the United States and is the older of the

17



methods used., There are two types of methuds employed
for batch neutralization, the 'weak' lye and the

tetrong'! lye methods.

The batch refining kettles for alkali noeutralization

are essentially of three designs. In the United States
theoy are designed to hold approximately 27.) metrioc

tons with an overall capacity of 32 metrio tons to

allow for the addition of the alkali solution. The tank
generally accepted is open-type having & diameter of

3.3 to 3,7 metres, 4,0 to 4,6 metres deep on the straight

side to the top of a oone pitched at an angle of 45°.

The kettle is equipped with an agitator having a variadle
speed drive and held in a stop bearing at the bottom,

The agitator ocan be operated from maximum speeds of
30-35 rpm to minimum epeeds of 8 to 10 rpm. The
agitator shaft 1s oquipped with 4 to 5 sweeps which

mey be single or two-bladed paddles. These are
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orranzed to evoid intornal ocvotruotions ia tie Lottle
such as coilo e owing pipos for decenting tl:e aeutra-
lized oil, The oweeps are cccted at an exglo of <E°

n# tiat lizuid in tho ten: is vussnof upwerd, They ere
vsuslly cou;tructod of stoal slate about 10 ca wido

end 1,8 on thick, Tizay erc dolted to the shalt at
avout ore notre intervalo Q;F segditning ot tao ton,
projoot radially at ¢C®, Tacro ic vouslly = dotton
swaep or plow wiich follové tho cono exa it is comconly
vidor ard oborter t-en the othoro, Tuio ewcop hao tle
funotion to »rovent nett{ing oZ tie soanstock in thko

€ono waon tho ggitetor is runnia; et low o:eed,

The povtiralizoec cil 2oy ve rasoved ty docentation
through o draw off oy owing ;ipo c:i the oocpotock ney
be raoved tarousr s 18-2C wolve located ot tho tip of
‘the cona, Tha swing yipe is uanoll&’aboux 10 on in

., 2icnoter,

9
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Tho kettle is hoetud by stoan coils arrengod -in two or
three individual banks waich omnty tke condenscte
through o couson stean trap., Tio stooam pressures in
the coils is ocbout € ~ 11 otmospheres, T:c cono is
provided with & stay-belted steam jcoket whioca is

heated by oxhauvst stea: at 1.5 - 2,0 atrcosrniores.

In Euroje anc Asia thore are two typos of rofining
tenls ouployed: tho open tyne =nl tho closed vecuum
combination neutrelizor-bleccher, Tho goomotry o2
theoe veeoels dencrnds upon the desigrer, Genorally
theso veasgsels are not oquippeé with owirg pipes for
decanting tho noeutralisec oil from tho aocpbtock. The
ratio of the aoight to the diameter of the cylindrical
hoight varies from 1.6 to 2,85 wit tho lover nart of
tie range proeforable, Tho anglo of ajox of thg cono
ia 90° or looo to yet tao boot olojpe for draining.

Hoot vooscla ero oquinpecd witiy intornal coils Zor otoam



heating., Some are couipped wit: steas jzciato arourc
the lowor elf oac tio cone wiiile others l:ive interna)
olean coils with ¢ joclketed cone, Tho irtorzsal hoeting
coils may de vortiocel or 2olicnl coils, Tac sgitcotors

’ L]
very unccordirng to tle ueaufacturcr's icdeso of construc-
tior, The c¢rive may do variable speed or two sneod,
gince slow stirring 1e ct tico roguired., Tio 2cllowing

points muot be t:len irto consideratic: in reldng =

sheice ol tae lye concentrations,

t
Doesigr of dhore tio refiric; ettle io ecuivnod with interrsl

. the Reliring

=
Ecttle heating coilo an¢ agitetor without a swiang »ine Zor

cocanting off the oil from t-o ocapstook, tio weal lyo
uetlods cre provebly tie noot sreciicel sinco ¢ l208
viscous soepstoci: io obtcinoud vhich coes not ciing oo
roccily to the coils, tao bHlules o the egitater, =nd
dreiro noro t:oroughly drom tho oouicel tottea 02 tio
vogoel, Thio r;duces tho curdor of weter wnohiinge

roguirel to romove t:o reoilduel osoan,


http:intern.al

The amount

N

tx

i

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.

Vhere the soapstock is to be used for soap making, it
is obviously an advantage that it contaiqe as high a
proportion of fatty mattexr as possible oconsistent with
the case of handling, A strong solution of caustio
soda produoes a viscous soapstock which, when s0ld, may
set into a solid mass. A solution of eaustioc soda
should be chosen which will still allow the soapstook
to flow out of the vesael at 60°~70°C, The greater the
oconcentration 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 ooncentration of the caustic soda

ed4. solution, the greater the risk of some neutral oil
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"Jeak" Lve
Lothod IUS)

velug saponificc. Thaio 30en0 higher refining loss,

The more dilute oeus£ic‘ooda solutiona, tle grector the
tondency to forn emulsiono wit' noutral oil, Gererclly
2ato with lower Zrac fatty scid contont can Lo satio-
Zactorily refinod with reletively weak lyy; vhoroas
otrongor lyos nre required by high ccid fats. The lossoor
deager o over-ssporilications with woal 1708 wuot be

congicored coeinst the iacrecoed looo of enuloificetion,

Tho tomporaturo of procosoing auot bo so chooon thet tho
soapotock when it 'broeks' gottlos rapidly and conpletely

to tho botton of tno voogel,

Tae U,S. "weck" lyo moetlhod has beon made the subjoct of
a petont whica bes Lcox isoued to & lerge Asorican
procoosor eud weo licenosod Zor tho uoe of othoro, 1It
Copondo on t:o Luffering eotion, tle oxact rochenion

o2 which 10 not unQorotood, ol cogplax saoophetoo in

the. presonce of ocustic soda golution, Theé particular
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compound vhich hap been fourd poot of2cctive is totra
sodiw hoopheto., This mothod is useé on cota crude

aré dogumned oil o=l is eiwaye o Latch noutrelisction,

L%tor oharging tiae refining kettle, tho cir io allowed
to esccpe by keeping thoe oil inm o cuicacont stato for
about 2 hourss The zgitator io sterted et modium snooad,
The tecporature is raisod to ECOC by turzing ctocii into
the coilas. At taio voint c weighet ezownt of o 10%
aquoous oolution ol totre sociun phoozhato is cddeC ao
rapidly oo poooible, Iz tic ceoe of degunsod oil 1,09

by weight, anc of ¢ crudo oil 2,.5% on tke basio of tao

L

orude, Leoting io contipuod curing tie cddition of the
roagent crxd until tte teupercturo recches 76-£0°C vhon

Lo otocn oupply to tho coils io out off, Tae ocloulated
oount of sociun hycroxido, voually 1€°Ce, io then

addecd as rapidly os nossible, Tae doocgo for deguumed
0il is tho theoreticaol amount o2 dry llaOC pluo an

exceon of 0,1% and for orudo oil, tie theoretical 3lus Go



0.,3% excess botl calouleted on tao oricincl froc Zcott:

coicd conteat of tio oils,

48 tae ceustic umixes with the oil, & brock develops
rapicly ord tle soepstoci bogins to znpoar in large
floclka, iher rll of tho cauvotic has been cided, the
opced of tie agitetor is rocdvceld and tie otirring
continued for 8 - 10 miiutes, T:o ccitaﬁion is then
discorntinuoed arc 7% o? Lot water io oprayoc ovor tlLo
ourfzce of the ﬁtill oil tirouvs;h o serieo o2 aprey
noquen 80 arrangced taat the cntiro ourfaco of the oil
is coverod, Tiae Croplots ol water as thoy gravitate
through the oil srd socnstocl, soften ard liquefy the
soapotocl: vhich t-on sottles rathor repidly to the
botton o2 the laettle, Usuclly t:oero aro threo lecyors
present, neutralizog oil, & omecll leyer of ciuloion

and socpotocl: in tlho forn of thieck oyrupy liquid,

Thae contorts of tito ottle oro allowec tp guttlo lor

.

threo hours cond the soapstoocl is then ‘drainec of?



through the drain valve located at the bottom of the
kettle., As soon as the first trace of emulsion appoars

the drain valve is olosed,

Another still wash of hot water is added at a level of
5% and the contonts again allowed to settle for 12 hrs.
The wash water is then drained off, stopping again at
the first appearancc of emulsion, The soapy water
contains so little fat that it can be discarded to

the sewver,

A final still wash of 5% for orude and 3% for degummed
0il is added and the mixture is allowed to settlo one

hour.,

The suoccessive still washes have diluted and broken
down the emulsion layer until it has completely dis-
appeared to a mere trace, If any emulsion is presant
it is so small an amount that it ocan be safely

disocarded,
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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, £t is pumped to the vaocuunm

bleachers where it is dried and earth bleached,

If it 18 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 wator washed
to further reduce the soap content, 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 tempcrature
is maintained at 70-85°C and the water separated from
the oil by continuous separators, The soapy water is
discarded and the oil containing 0,35 - 0,5 is conti~
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 atored or it can

pass on immediately to further processing to salad oil,
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tWeak!

(Boncge)

The yleld of oil by this 'weak' lye method is said to de

'equal to that obtained by those of ocontinuous methods,

and less then that obtained by the strong lye method if
it {8 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
officlenqy obdtained.

Thie method is widely used in Europe, as it can be applied
to all oils and fats, However, the ultimate utilization
of tho soapstock must be considered, It entails a smaller
loss of neutral oil than the 'strong! lye method when
carried out with proper precautions, Special techniques
and skillpo are required to prevent the tendenocy of
formations of emulsions due to the thin soaps and
muoilagenous solutions which are formed by the large

amounts of water used,

The dilute caustioc lye used for this method is usually
5%Be, tho weaker the %ye the less loss in neutral oil,



but the stronger lye gives a more concentrated soap
solution, which is a better solvent for impurities
inoluding colouring mattera; This method is less
suitable for orude 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 particﬁlar

supply of orude oil due to over saponification or

emulsifiocation of neutral oil into the soap solution,

The soapatock due to its fluidity even at low tempera-
ture can be enasily draincd from the supernatant oil,

If the prooess is applicd to a non-degumacd oil, a
layer of impurities is ofton formed between the clear
soap solution and the neutral oil, and great precautions
are necessary to avoid an emulsion forming which will
ooclude largé amounts of noutral oil, A degumning
troatment is, therefore, often appliod to oils intended

for this process; there are however, modifications of
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the proocess, the object being to ®wmove residual
soap or muoilagonous material in the oil phase oY
in the interfacial layer, Such washes mey be with
hot water, very dilute caustioc soda, salt brine,

soda ash, or alkaline ailicate.

Determination of the conditions in which agitation
and weak caustic soda can be used is a major problem,
Por the success of the various modifications of the
process 1t is important to control the degroue of
stirring and it is desirable to have vessel fitted
with a variable speed or two speed agitator operating

from 8-10 rpu to 30 rpm for a 20=30 ton vossel.

Examples will show tho appliocation of the mentioned

general prinoiples of the process.
Orudo oil, while boing stirred, is hoatod to 95°C.

S8tirring is thon stopped and 4°Be caustic at &

teomporaturo of 98 to 100°0 is sprayed over the
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surface of the oil. The excess of caustic soda mcy be
slightly groater than that when strong lye is usod.

The degrece of neutralization is determinod by titration
and if necessary more caustioc soda solution is sprayed
on the oil. Tho soap is allowed to settle for one hour
and then drained off through the valve at tho bottom

of the vessel. Theore may at times be e small layer of
emulsion at the interface. The emulsion may be drained
off separately and accumulatod from a number of rofining
batches. Whon a suitable nunber are ocolleoted, the
emulsion ie boiled with direot stoam and trcated with
salt, whioch causos the neutral oil to separate frou

the soap solution. The oil is added to the next batch
of orude oil and the soap solution to the main soap
golutions for the recovery of acid oil. After removal
of the emulsion, if presont, a hot wator wash of

5-10% of the woight of tho oil is applied and drained
off aftor sottling one hour, This may be followed by

a weak (0,7%) caustioc soda wash and/or hot water
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washes to remove the residual soap.

The use of agitation with weak caustioc soda is a
major problem in respeot of detormining the proper
conditions., It is desirable to use agitation if

at ell possible at every stage to assure more inti-
mate contaot during the addition of the lye and then

during water washing to remove the residual soap.

A dilute lye method frequently used i8 a 8 followss

The 04l Ls heated to 96°C ond the thooreticnl anount
of 5°Be caustio soda solution plus an oxcess of
corresponding to 0.5 - 1, O%FFA is added under

gontle ogitation, When all/the caustic soda has beon
added the agitation is discontinued and about 10% of
a 0.4% caustio aoda.solution is spryyed on the

etil} oil, This is left to settle and the soap
solution drained off, A hot water wash with 10%
wash 18 given th tho oil and oftor draining it ie

followed by o wash with 0.4% caustioc soda solution
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at tbout 10% of the 0il weight while stoam is blown
through the oil. After settling one or more hot
water washes with 10% water are given to romove the

risidual soap,

Strong Lye Orude oil, orude-degummed oil, or degummod oil will

Surong Lye

Method,
tend to foam considorably and to entrain air and,
if possible, tho kettle should be allowed to stand
for 2 hours without agitation to allow the air to

egoape,

Some refiners aftir pre-~treating with phosphoric acid
prefer to add the strong lye = 12-16°Be to the oil at a
temporature not exceeding 32°C and preforably at 22-24°C
with agitator running at modium high speed. At
temperaturcs of 21-24°C a relatively tight emulsion

is produced., Aftor agitation is continued for 20-30
minutes at high speed, the omulsion will begin to

have a sandy appearance which is known as a "pin

break", At this point steam is turnod into the coile
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and as the temperature gradually rises, the partioles
of soapstock gradually congulate, inoreaso in size and
tend to settle rapidly. An experienced oﬁerator will
have no diffioulty in determining at whioch point the
soapstock will coalesce and have the optimum speed of
gettling. This point is usually attained at 50=55°C.
At this point, tho steen is turned off the coils, the
aglitation discontinued and soapstock allowed to settle.
Genexally samples are withdrawn just prior to stopping
the agitation and a visual inspoction made to detormine
the rapidity of settling and coalescenco of the

goapstock,

Tho contents of the kettle are allowed to settle for
}tleaet 8 hours and preferably overnight. The neutra-
11z0d oil is withdrawn through the ewing pipe leaving
the soapstock in the oone of the kettle. The rofinad
oil is sent for further processing, which usually
{noludes hot water washing to remove tho residual

soap, vacuun drying and bleaching.
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Modigication of the 'Strong' Lye Method U,S,

Some refiners prefer to heat the oil after pre-trcatment
with phosphoric acid to approximately 66-659C then add
the required amount of 12-16°.oaustio soda solution as
rapidly as possible under rapid agitation until a fine
"break™ ococurs, then reduce the agitation to slow speed
and when the soapstock appears to reach the optimum
speed of settling and coalesconce the agitation is dis-
continued. This can be determined by teking a sanmple
which show particles of soapstock floating in the clear
oil and settling rapidly in the test glass which indicates
the stirring of the mass can be stopped and tho oil left
for sottling, After settling for about 8 hours, the
olear oil is decanted from the soapstock by moans of the

swing pipe and subsequently water washed and vacuum

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

amount of phosphatides prosent, This will vary
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from 0,25 - 0,35% (dry basis) for orude oil to 0,1%

for degummed oil,’

As in all cases, the 0il should be deaerated before
adding the ocaustio soda solution to prevent floating

soapstock,

In one method, the o0il at 20-35°C 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 o0il 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 inorcased as rapidly as possidle to
60°C. The 'break' will then take place under the
influence of slow stirring and when they show a ten-
denoy to settle as can be observed by the appearance

of rivulets of oclear oil on the surface, the agitation
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is stopped and the mixture left for settling, After
- settling for several hours, the oi{l is decented from
the soepstock or the soapstaok 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 48-50°C with coil 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
80°C 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 80°C, Agitation is ocontinued
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 sprayod over the surface equal
to 10% of the weight of the o0il without agitation

and the contents of the vessel allowed to settle.

After 2 hours, the oil can be drawn off through the
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swing pipe or the soapstock dreined off the oil. The
oil is heated to 65°C with open steam and a further
quantity of lye of 10°Be 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 rosidual 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 ie
useful to add some auxiliary chemical which helps the
'break' and compacts the soap ?hue occluding less
neutral oil, Salt, sodium silicate, soda ash, tetra~
godium pyrophosphate, tartarioc acid, other eliphatio
anids, salioylic acid and versene have been claimed to

improve ylields.

Dressler recommends using caustic soda of 15°Be

while under rapid agitation followed immediately by
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0.3% of & 4,0% solution of sodium silicate, agitating
for one hour continuously. The mixture is then heated
éo 44°C under slow agitation and 5-8% water is sprayed
on the surface. The soap on breaking settles on
rapidly. The sospstock is decanted off through the
swing pipe or drained through the valve at the bottom

of the vessel., It is then water washed to romove the

residual soap and dehydrated before bleaching.

A vaouum distillation method has been recommended by
E. Bataille which cen only be successful 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 Jf 0.,01% or less
form a gel that deorsases the rate of filtration upte
10 times that required for oaustid refined and water

washed oile,
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CENTRIFUGAL. SEPARATORS,

Refining losses in Batoh type processing tend to be
high due to entrainment of neutral oil in soapstoaek
and emulsification during the proeess. As she price
differential between neutral oil and soapstoek is very
pronounced, a lot of investigations have been carried

out for reduoing the refining lose to the barest minimunm,

The use of centrifugal separators made this possible.
Substitution of gravlty settling of soapstock by high
speed centrifugation naturally resulted in lowering the
qQuantity of ocoluded oil in the sbagatock. Beaidos, the
shangoover to ocontinuous processing has made it posesinle
% rogulate the processing conditions in such a way as to
nininise emudsification losses as well,

There are basiocally three types of ocentrifugal separators

in use for the refining of oils 3

1. Hollow Bowl Contrifuges were thu first type developed,
They are relativol& simple in design and, when built in
long tubular form of amall diameter, allow the use of
high contrifugal force with reasonadle ratio of travel ¢o
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settling distance. The resulta obtained by continuous
refining with these centri ugas are oertainly botter f'}'
than those generally obtained with Batoh type processing.

The small oapacities of the oentrifuges make it possidle

]
for even the small-scale prooessor to take advantage of

. continuous refining,

However, centrifugee of this type have the following
inherent limitations !

(a) The liquid entering at the centre is at first
- axposed only to a small percentage of centri-
fugal force available at the periphery of the

bowl,

"(b) Any sediment collecoting on the inslde of the
bowl decrcases the settling distance and
reduces the: maximum centrifugal force on the
liquid. It reduces holdup, which, with con-
stant liquid velooity, also reduces the time
of exposure to centrifugal force.

(o) . Extremely high centrifugal force is necessary
" to maintain cfficiency of separation; the
necessity of opcrating at tremendous speed
* ‘- results in high maintonance costa.

() A4s single machines ~f high oapacity are not
feabible, multiple 1nsta11atione are neoassary.

(e) Frequent cleaning of the bowl is necossa:&, A
' which means down timé: on the machine and

1nt0rruptcd oporation.
(£) At least two washes and tvo water-wash centri-

fugee will Yo necessary -for reduoing the soap
content in the washed o0il within tolerable limits.
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Gra?it'lniao‘
Centnlfugo, ..

H°§§§§i§

2. In another yidely used type of oentrituge, the

éeparating chamber is a bowl containing etainlesa steel

’ oone-abaped discs with thin spaoera which produce very
| ehallow eettling spaces. The liquid is subjeotod to

long travel with guided flow and moves with a moderate
velooity. These maohiné; oﬁeiaf;'at lower speeds and
meintenance problems should be ocorrespondingly reduoced.
More intimate ﬁi:ing is apparently achieved in this type
of cantrifuge as only'one watér-wueh ié guenerally adequate
for obtaining washed oil of'acceptable.soap content,
Those oontrifugeé cén handle faifly large capanities and
it 48 reported that there are installations where eaoh
machine handles about 25,000 lba. an hour.

The diaadvantaées of this machine ares Tho bowl 1is
heavy, has an objeotionable number of inéernal parts to

be handled and oleaned and i{s expensive.

3« Hermetio coﬁ;truofion.iﬁ £~turthor improvument on the
abovo tyﬁé'ot aentrifuées. fhe-hiixure of oil and soap~
atock is fed tévkhe éepérat&r uhdur.a prossure through &
tdéd ohannb} in,the driving ;pindléa éidce the aystem ka

eompiotoiy closedy no adﬁixture of air and very little

102



Multigtage
Contagtor
Centrifuge,

.turbulence ocours. Hence the, :losses due to neutral oil

: being odcluded-in the soapstoock or emidsifiocation are

xeduced to a minimur, Besides, the oil s completoly
proteoted from contaot with ‘air which excludes subseguont
oxidation} ' an dmportant ‘point with oils Xike Soybecan oil,

Another advantage cladmed :{'s that the soapstock is always

- discharged undor preseure.gso- that even hard and visocous

.soapstocks 1pave, the machine without:diffioulty. Murther,
easy regulation of the process is @ special feature of
this machine; every oontrifugal separator needs to be
adjusted according ta:the process to be performed in it,
but while open typse machines have to'be stopped to pemit
exchange of certein parts, as gravity: discs, the Hermetio
Separator, canv'be -adjusted tp optimum Working oonditions
even while themachine is running, Through a simple re-
setting of the .ocontrol instrument, the. separator can regu-
later tho: separating conditiohs. and. by odsbrving the
stfeanm of soapstock 'flowing through. the machine, he oan

:achieve- optimum working oconditions.. -

4,. Multistage Countercurrent: Contactors ( Podbielniak

- Ince, Chicego, U.S.A.) are-said.to meke the most offeotive

use of ountrifugal force of any machine yet devised.

N
9
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Their Duoron machine consiats oeaentially of o horizon-
tally poaitioned, totally enoloeod rotor, ‘mounted on &
ahatt with heawy duty ball bearingr, foroe-foed ludbrioated,

It is conetruoted of stainlese gteel with heavy welded

-'1.}

steol base and rotor covar, Ineide the rotor aro asny
contaoting elemente whioh provida for 1nt1mate mixing
eoupled with lov liquid velooity and oontrollod gettling

ratea. The many contaoting olements provide aeveral times
23 vt
as muoh ooalesoing surfaco per unit volumo procceaed as do

‘v'

oonventional oentrifugee. '

el . i

fhe heavy liqﬁid a;& light liquia are Qépt geparcte by
pressure balanoed meohanioal seals, two on each side of
the zotor. Thene seala are designed tor proeaurea up to
700 p.e.i. and temperaturea of BOO'P. '

oot : :
Tho operation ot the m;ohine when used as a oounterourrent
1zqa1a oontaotor 19 aa ‘follows: The light liquid enters
through the nhatt and 1e direoted to the outer periphery
of the rotor. The heuvy liquid entoring through the
lhatt at the oppoaite aido 10 direotod to the eenter of
the rotor. CGntrifugal torco movoa the heavy liquid out-.
g ward, and it diaplaces the light liquid toward the oenter
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of the rotor. The contaoting elements are so designed
that passage through the orifices provides multissdge

mixing and separation,

When a semi-solid, such as soapstock, is prooessed, it
coalesces on the inﬁer surfaces of the contaoting

elements and as it inoreases in amount, moves to the

outer periphery of the rotor, where it deposits on the
V-shaped annulus, which direots it to the spill-~over sides
of the rotor, whenoe it moves to the shaft end is dig-

charged through a seal-shaft annulus.

The light liquid moves thréugh the contacting elements
toward the shaft and is discharged, A back pressure
regulator automatically maintains a pressure on the light
1iquid attempting to leave., The effeot of this pressure

18 to control the position of the interface (it is ocom-
parable to the ring dam in an ordinary oentrifuge)
separating light and heavy 1liquid, 0.8, oil and soapstock,
in the roéor. The position or.the intexface oan bde

varied at will while the machino is operating.

Their Hydrnlon-maohino 18 perhaps the only machine
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where separation of soapstock and counterourrent washing
of the neutral oil is achioved simultaneously in the sane
machine, The importance of size as well as the avoiding
of emulsifiocation within the centrifuge, particularly in
the areas where the water is introduced and the soap-

stook is separated, is established.

Pilot plant tests are said to have proved the effiocacy of
the process.,* A degummed orude soya oil, FFA 0.35%. was
refined with 1.5% 20°Be ocaustic soda. The oil, preheatod
to 125-130°F and pumped at the rate of 1.0 gepems from a
supply tank was mixed with the caustic soda solution
added by the piston proportioner, The oil and oceustio
were thoroughly mixed in a vertical mixer equipped with
paddles, the temperature heated to 150°F, before entry
into tho modified contactor., The wash water, varying
from 10 to 17% was alaso introduced into the contaotor,
The oil effluent was olear moisture 0,22% and the seap
content, determined by the flame photometer method, was
down to 80 p.p.m, The soapstoock was a olear yellow liquid
that assayed 4,2 to 6,0% T.F.A., and was practiocally free
of ocoluded or emulsified oll, The oaloulated refining
loes was 0,75%.

# Rofs Extract from some recent developmonts of Refining
of Fatty oils “orris Ma:gékov, JAOCS, May 1960 issue,
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In the Hydrazon, Figure 4, oil-goap mixture enters at
(4), moves through distributors (B), and is turned loose
in the rotor at relatively low veloocities. The soap,
being of higher demsity, moves outward into the annular
space (C) where it is deposited with leaat disturbanoce
in a uniform layer. The oil separating from the soap
flows toward tho ocenter of the rotor, however, it must
first flow through a washing seotions (G)., 8oftoned
wash wator entering at (E) flows into speoially 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 true counter-
current multistage washing of the o0il, The weirs which
distribute tho water are on purpose direoted to the ocenter
of the rotor, thus ocusing the water to change its direo-
tion in a smooth arc "trailing" the direction of rota-
tion. This aotion causes the water to be fed gently
into tho oil in the form of A thin sheet of film at
extremely low velooities to prevent emulsion,

Mixing of tho water and oil for bost contaot is acoom-
plished by o sories of oconcentrio elemonts in the wash

seotion having fairly largo orificos end spaced in such
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a manner to obtain oiroumferential turbulence and ro-
distribution of water. The oil emerging from tho wash
seotion onters a oclerifying seotion (B) and finally
exits at (I). Vater flowing away from the wash section
joins the soap layer, dilutes it and togother moves
over a oiroular spill-over disc, finally exiting at
(D). A fow pounds back pressure applicd to the rofined
oil at (I) maintains a constant rate of flow of soapy
wash wator from the machine., In practice the difforen-
tial pressure controller tied into the piping systen
keeps the machine "in balance™ and operating continuously

without loss of oil to the soapy water discherge.

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 rolease of "mix" into the rotor

the relative velocity is zero.

The washed oil, however, must give up enorgy as it flows
back from its entry point and tho concentric wash elements
sorvo to slow down the oil. Turbulence oreated by
slippage is sufficiont to cause just enough gentle mixing
of desoaped oil with water, avoiding serious emulsion

diffioculties in the wash seotion aresa,
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(FIG-4)
CENTRIFUGAL REFINER WATER WASHER
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Ranchors

Rofining
Proceee,

MISOELLA REFINING,

‘The quest for furthur improvement in tho field of conti-

nuous refining hes resulted in development of Miscolla
refining téchniques. The introduction of a polar solvont
during the refining operation marks a big step forward
in the evolution of refining techniques, Dissolving the
0il to be refined in a solvent like Hoxane, eliminates
the viscosity barrier and, as a consequoencoe, the hazards
of emulsification and saponification. Further, unlike
the earlicr refining toohniques, employing excess of
caustic in the process doss not result in inereascd
rofining losses. The quantity of oil entering the soap-
stock is likewiso drastioally reduced. The ocumulative
effeot 1s a remarkable improvement in the overall

performanoce.

The Ranchers Process, developed by Ranchors Cotton 041,
Frosno, California, is perhaps one of the first oomme;-.
cially introducod miscella rofining pfooeeses, basioally
developed for procussing cottonseed oil, Thig process is
intondod to bo dovetailed with the operations of a solvent

extraotion plant. The miscella ecmanating from the
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Neumi Rofin-
ing Process,

extraotor is subdeotgd to ocaustioc troatment and the
product passed through a horizontal concentric ring
centrifuge in which the neutral oil miscella and soap~-
stock are separated. The neutral oil miscella is
filtered and returned t& the distillation equipmont of
the extraotion plant. It is olaimed that tho refined

0il obtained needs no further dleaching.

A major drawback of this proocess is the propor desolven=-
tization of tho soapstock, By virtue of its vury ncture
and characteristics, it is well nigh &mpossidble to
oompletely desolventize the soapstook, The Ranchers
Proooss, thercfore, bypasses the problem by returning
the soapstook to the Desolvuntizer~Toaster whero it is
desolventized along with the meal,

De Smet of Belgium realised f{rom the very outset that as
long as soapstock is handleud and doalt with as such, the
possibilities of progress and improvuments ere atriotly
limited.

In their Neumi Process, the soapstock is continuously
acidifiod and convextod into fatty aoide which ocan be
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eqtgsfaotorily sfripﬁed of all aolveni; Boasides, the
vglgg.Pf fatty aoids is-BGVOral ﬁultiplﬁs a8 that of

, aogpstoo* and the economics of operation are thorefore
1gproved. The introduo&ion of 1sopropan$1 as a seocond
. solvent opened up possibilities which are not othexrwise

awa;}able.

~The Neumi Process enploys effeotively a hoxane-isopropa-
nol mixturo for aolubilieing the two chiof products in
the process - oil and soapstock reepootively. Reaotion
betwoen the caustioc and the free fatty acids becomes
inptantupqopa even at atm&spheric t;mpératuros and the
reaotion product, soapstock is soluﬁiliged right at its
inception. After reaotioﬁ 15 a mixer, the products
eeparate into threo dietinot phases in a deconters the
,top layer containing tho neutral oil in hexane, the bottom
_layeg holding the soap solubilisod in aloohol, and an
1ntorma@iary layoer holding overythihé excopt the oil

and soap,  The botton layor is oontinuounly withdrawn,
washod oountor-ourrently with héxane to roocover the last
traces of oil, and then aoidified with sulphuric acid in
a epooial mixer.. The aocid dosing pump is wochanically
synchronised with the oaustio dosing punp in oxrder to
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ensure that the relative proportion of both reagonts is
automatioally maintainéd; by way of abuhdant precautiuvn
an automatic pH controller in the acid Sirouit tokes
cars of all eventunlitios, After final decantation, the
fatty acids are passed through a thurmostatically con-
frolled roetifying column whero all tho solveut is
offectively stripped and thanoe to storage with 90%
purty. The hoat of tho aleohol vapours from the reati-~
fying ocolumn is geinfully employed for the eoncentration

‘of the oil-bearing miscolla in a Economiscr Unit,

The top layer of miscella from the main devantor is alsed
;ontinuously and countor-ocurrently washcd with isopropa=~
nol in order to wash out the last traces of soap.
Thereafter, it undergovs further purifieation, Notwith-
standing deguncing ond naustio rofining, a certain anount
of gums 8ti1]1 remain soluble in tho neutral odl; 4t
further rovealed that ot o particular pH, thcso run-away
guns ere thrown out. As a practicel application of this
finding, the washed miscolla's pll is rugulated cond the
eluding gums effeotively evictud froim the mainstroam,
"Aftor a furthor washing with isopropanol and final do-

contation, tho pure miscella is distilled in a classio
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Economigsor-oum~Distillation Unit,

The impuritics in the cloarly-defined intermodiary layers
from the various dooantors, pass through two more gun=
deoentors for «ffective separation end rcoovory of
miscuella and alcohol, Finally, the inpuritive are
acidulated in « special nixer by ncans of the aoidulated
aloohol from the final fatty acid docantor, Thio acidu-
lation converts the fluffy impuritics into a coupaot
layer, rcleasing further quantitive of miscella and
aleohol which aro reecovered in a final decantor,
Ultimately, the impuritics are drastically stripped of
all solvent in a gums boiler and thrown out ae a spent
mass, incapable of polluting the main products - oil

and fatty aoids,

Tho distinctive fuature of the Neumi Process is the
autonatic rcgulation of the prﬁcueeing conditions for
achieving a ternary Heturogencous Azeotrope of Hoxane ~
Isoprypanvl and water, distilling at a very low tunpo-
rature of 56,5°C, IFrom tho point of removal of the Jast
tracos of goap frow the @misculla, an optimum Isopropanol=-

water alxture io indispunsable = Isopropanocl alone ig ine-
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adequate for the-purpose, *'It is only aftér extensive
research that the ternary phase diagfam was established
and applied to the proocess, This is tho orux of the
JNouny Process.

.On -the aquipment side, thc Ne Smeét Liquid-Liquid
extraotion columns-obviously play a vital role., A large
surface area and alternate intimate mixing and decanta-~
tion are necossary. It is obvious that in the intimate
mixing emulsions ehould not be formed which would inter-
fere with subsequent phase aebafation;' In the Neumi

. Process, -the choice of solvents and the ;olvgnt-solute
ratios are such, and the mixing is so good, that the
liquid-liquid extraotion is 1na§§§ndent of thé rate of
inter~phase diffusion, -
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BLEACHING OF SOYBEAN OIL, #

There are three majoxr types of ocolor in vegetable oil

1. Organiec color pigments of known ocomposition

»

2, Organio degraddtion products
3+ Color formed by oxidation of colorless precursors.

-In tho unoxidized state, -the principal organio color

Pigments of known composition are Quite readily removed

-by ‘bleaching clays, -The pigments in th°z@9§t common

vegetable od}lr are 3
. :a)' Alpha and Beta Carotene (046556)

The carotenes are yellow to red, and strusturally oonsist

‘of highly unsaturated hydrooprboné arranged in various

oyolio configurationg. An important ocharacteristio of
oartenoid pigments from the standpoint of bleaching is
that they are unstable to heat. and, as .oxidation progrosses,
they graduelly fade practically to a colaqrless state.
+. b)) Xanthophyll (€ 4055602 )
Xgnthqphyll is colored yellow and is struoturally similar
to thé cartenes except for an.extra oxygen -in the oyolio
ring at'each end of the hydrogen chain, -

'.o) Chlorophyll A.and.B (05-5572»:@54&5) and (055370»1311406)
The ohlorophylls. are,green, and -structyrally are unsaturated

magnesium-containing pyrol derivatives and osters of the

-#% Extracts from paper by W,J.Lehmann, Courtesy National

Soybean Processors Assooiation of the U.S.4., New Delhi,
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‘unsaturated primary’ alcohol phytol. Unlike the ocartonsid
pigments, the thorophylls do not fade appreciably on

heating: ' They-are more reagily aﬁaorbed by. clay with low
pH, ‘beoctuse alkall tends to st;bilizé chlorophyll whereas

aoid deocomposes it,

'Phe ‘organioc degradation produots aré'SrOWn in oolor and
are presont in vegetable oil usually from damagod seeds.
They .are generally compoaed of dogradod proteina, oexrbo=
. hydrates, muotlagenous material, and phospholipids, and
.normally are prosent as'poe‘itive ool,loidal dispersions
‘pather than being oil aolﬁble a8 are the organio pigments
mentioned abova. Thie type of color {8 usually diffiocult

‘$0 'Temove by adeorption.

Color formed in oil by oxidation of colorless precursers,

suoh as dark-red ohroman=5, 6-guinonod from gonmo £000=

. pherol” ie dittioult -to remove by adsorption. It has been known
for some years that as a vegetable and animal fat ages,

it beeomes more ‘diffioult, to p}oao§1~‘}f the aged oil

13 da:ker than 1t _was. when rresh, the d;oreaso in

bloaoh ro8ponse 13 due to tho formation of now color whioch

1o Aifficult to adsorb. On the other hand, if the oil is
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Bleaggigg; :
quipment,

Bate
Kettle

Methgd‘

en -

lightex in ocolox upan aging, the oolor pignents have
baoome fixed ox nonefosponsiVé to -adsorption, in all

‘probability by oxidation,

The’ mechanism of blaaching was well oxpressed by King
snd Whazton whén they stated that bleaching has two
,taptonb-ﬂoikink in 1tp fevor (i.e, lowefing color) =~
adsorption dnd -bolor fading by oxfdotion, and two factors
working against 4t (&se,nvé daxrken oolor) ~ nevw polor
formation and fixation, both by oxidation,

Contaot  adsorbent blenching is usually accomplished
githex batohwise in open kettles or.under veouunm or

sontinuously under vaouum,(:

- This is the oldest and simplest method and is still in

‘uge inhaome.plantsa.‘Theuoil in'ohhrgod.into a kettle
‘equipped with a pnddle:agitnto: and stean coils, the
sgltatisn and, hoating startad,.and the bleaching clay

ang/or carbon added. -at'70-80°C, Agitation is continued

-;fér,a time after.%he.bloaching tompératuro, usually about
“450°C is reachud, Tho oil-ip recyoled through a filter

40’ obtain olakity for approximate 10 minutes and then
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Batch ¥Vaguum
Method,

transferred to bleached oil storage. Whon the filter is

full of olay it is’ blown with air for a faw moments, then

. with steam at low pressure, to remove as muoh oil as

possidble, then with alr to dry the prose oake. Beoause of
this high surface area, spent clay from the bleaching of

unsaturated oils’ tends to undergo spontaneoue oconbustion,

. and cave must bé taken 1n oleaning the presaea. The use

of YLow pH Y%lnys with unsaturated oils tend to inorease

.8pontaneous’ coimbustion,

The use of activated dlays and ﬂiéhér bleaching tempora~

tures led to the developmont of vaouum bleaching systems

'

to broteot the 0ils from oxidation. The procose is similarﬁm

‘¢t the open kettle method exoept that it is oonductod under

an absolute pressure of fron 50 to 75 mm, The adsorbent
ocan be added as & slurry in oil from a separate oil ulurry

tank or drhwn in direotly from a clay hoppor through a8
2.
vaived line leading rrom the hopper below or above the
v )

vessel fo below the Buxface of the oil, The addition of
thé dlay as ap 0il slurry {s réoommendéd, partioularly if
the oil 18 rofined hndfor washed and dried in a oombination

‘process vessel, to avoid oxidation of the oil by drawing

in ai® with the bleaching matérisls, If shis oannot be
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acoomplished, then the 641 after washing snd drying s.>uld
be cooled to at least 60-~70°C before drawing in tie

110 ea&ﬁ{ dlagh o0 il wwieny Lomri et
OTLE AVYI aCdinLIXG 16 edoels fudamIsH 7 moxd

Continuous Thore appears to bgsa widespread impression that as far as
Vacuun
Bleaching, the Bleaohing operation is oconocerned, oontinuous 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 impression is
not faotually valid; 4indeod, if any proooss or equiypnent
be not economiocally viable, it would be meaningless to

disouss it at all,

“f.. Ohe bleaching of vegotable oils is, a.pBysical phenomenon
0TCA AUV 0 2sal i Do 80 u L JuTT t ond miad

involving tho adsorption of the coloring matter on speociel
materials such as}@ﬂlers Earth, Aotivated Carbon, oto.
The impedimonts to obtaining best results ares moisture, air
and soap., The temperature of processing and time of ocon=-
taot are important faotoid. Continuous bleaching offers
the following advantages
1. Removal of moisturc from tho oil under process is

more effioiently und effeotively accomplicHed dy

the Flash Drier, It is hardly a debatable point

that drying a mass of o0il under vacuum is not as

offootive as atomising the oil heated to the
desirud temperature in o chamber whioh is undexr
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high vasuum, The sudden entry of the hot oil
{n & finely :dispersed and atomised spray into

an evacuated chamber is the most effective
known method ‘of drying s liquid, 4s moisture

{s undegirable for effioient bleaching, betier

drying would naturslly lead to better blesching,

2, The presence of soap, even in minute quantities,

in the oil under process, is highly undesirable

..for the bleaching operation, In batch drying,
the presence of soap and moisture frequently
‘rosults in fwothing and foaming, impeding the
drying operation and posing problems of proceas
control, . These problems are eliminated. in toto
i{pn the Flash Drying system,

3, Introdussion of a separate Doacration stage in
the Contimious Bleaching System is.an important
stop forward for elimination of dissolved and
oocoluded air in the oil as well as the bleashing
materisls, In this connection, the following
exqerpt from Bailey's 'Induséricl 0ils, Fats and
Waxes' - Page 663 is signifioants

®The efficienay of soap: removal during dleaching
sppears to depend upon the thopoughnesy vith
vhieh o{l and earth are dehydrated during the
operation, as the oil retains soap tenaoiously
only in the presence of dissolved moisture,
Bgoause of this, a low soap oontent is favoured
by vaocuum bleaching and partiocularly by eonti-
nuons vacuum bleaching, where moisture removal
1s faeilitated by spraying the oil and olay
slurry into an evacuated chamber. In a series
of comparative plant %ests, King & Wherton found
that batch atmospherio bloaching reducos the soap
in rofined oil f£xo@ an average of 103 to 32 parts
_per million whagess continuous vacuud blesching
' effeoted an aversge, reduction of frod 114 to 1§
parts per millfon," ' _

4. A gignificant advantage of the special Deaeration
stoge is minimising, if not eliminating, oxidation
. hasards. In this gonnection also we cannot do
better than quote from pages 666-66T of Baileys
"Continuous ‘vapuun bleaching proteots the oll
~ fxom the hammful effeots of oxidation even more
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6.

To

effesctively than batch vacsuum bleaching since
better deeeration is effedted by spraying the
0il into a vaocuum than oan 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
sontent of the bleached oil, minimises free
fatty acid development when acid earths are
used and has been reported to produce oilse of
improved flavour stability",

Another important fact, ®khich is perhaps little
appreciated, is that continuous system of blea=
ching 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 cowmmercial
bleaching commonly produces 0.1 - 0,2% of conju-
gated fatty acids in the glyceridon of cottonaeed,
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 roadiness
with whioch oxidation occurs in conjugated 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 minimun by
deaerating the oil before bleaching, end carrying out
the bleaching under vacuum., Continuous vacuum bleach-
ing should be partioularly effeotive in inhibiting
isomerization, since the latter presumably requires
appreciable time and the time of contaoot botween earth
and 0il is much shorter in continuous bleaching than
in bloaching by the batch system".

In continuous system the heating of the oil under
process to the desired operating temperature is
conduoted only after the doaeration stage. It
follovs therefore that full protoction is affordoed
to oolour-sensitive oils.

The bleaching oporation itself is oonduoted in a
specially designed Bleachtower where optimum condi=-
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tions are easlily maintained. By atomising the oil
uilder process containing the requipite amount of
‘pléaching materials and allowing it to flow in thin
£ilme' over an extended-surface, near-ideal conditions
are abhieved for maximum bleaching effect with minimum
“amournit of‘bleaching materials. This arrangement is
-obviously far gore efficacious than agitating a huge
~mase"of 0oil1 with the bleaching materials suspended in
- i%, -~ Controlled injection of open steam facilitates
maintemance of. ‘the desired temperature during the
" operation. A significant advantage ls that contaoct
time between the bleaching material. and the oil is
reduced to the barest minimum practioable.

-8, . It can hardly be gainsaid that the oontiﬁuous process
Jends itself to finger-tip control. In the event of
“"the finished colour of the oil ‘being not satisfactory
a fliek of a valve.would divert the cil into the feed
tank for recyoling and aimultaneous -adjustments of
the dcse”of the bleashing materials.

“9," Yet -another outstanding facility is the automatio

: - Dosing Device for.proportioning, the entry of the
bleaching materials into the system. By a slight
turn of e:wheel the.feed of the bleaching materials
ean\bé‘inc:eaéed or deoreased with the greatest of
easa, . '

10, Storage bins of adequate capagity are mounted on the
: Dosing Device so that gencrally a 24-hour supply of
the bleaching materials can be held on tep in the
plant itself, It is easy to see that this simple
_arrangemenb gsubstantially reduces the operating
. labour for the process.

" 41/ Another salient feature of the .continuous sy#tem is
that filtration operation is also continuous. In the
batch process the filtration is intermittant and a lot
of time is lost in initial start-up of filtration. In
the continuous process once the .plant ig put into
operation, -the filtration aspegt needs little control,.
Two filters are provided.in aqrdor to.ensure continuity
of the process = when one filtey has.to be oleaned,
the other is.pressed.into service. This also rogults
in saving in labour costs.
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Continuous
Counterourrent

Vaouum Bleaech-

ing System, -

12, The ocontinuous bleaching system is compaot, occupying
1ittle space. Its operation is practiocally automatio
requiring no special supervision. All that is
required 1s to have an eye on the colour of the
bleaching o0il - - & job which takes only a small
fraotion of an operator's time, Requirements of
ateam, water, etc, are substantially lower when
compared to the batch systenm,

The o0il to be bleached is first deaerated and dehydrated
by spraying into the lower seotion of the process tower

at about 55°C; Deaeration is aided dy a small amount of -

sparge steam below the 01l level.' The deserated oll is

)

then heated to 105 115°c by passing through an economizer

.oounter ourrent to the hot oil 1eaw1ng the system and by

use of a steam to oil exchanger.

The usbleacﬁed heated oil is phes'filtered tﬁrough a
olosed press oontaining the spent cake from a provious
batoh and then pumped into the upper chamber of the
process vessel. A olay slurry is made up of coal bleached
oil leswing the system snd metered olay in a separate
agitated slurry tank " The finsl slurry is fed, again
through a spraying devioe, 1nto the upper seotion of the
prooess vessel whore it is mixed with the main stream of
the oil,- Here, too, sparge steam aids in the mixing and
steam ooils maintain the temporature. After about 10
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"minutes residence time, the ofl is filtered through a olean
b:oﬁs, partially cooled by'paheing through the economizer
_(oii to“ofliexohanger) and finali}:oooied to a temperature

" of 55°C by passing thréugh a water to oil hoat oxchenger

before being.sent to storage,

E$1t°?f|., The trend is to’rgplaoe plate and frame open deliv%rﬁv
filters y;th‘qithr plate and frame enclosed delivery
filterg px,y;th prepsuxeflqat filters, In the United
States more and more refiners are installing pressure-
leaf filters qﬂ th@ Niagara horizontal leaf-type for all
filtration purposes, . The purpose is to inorease the

. rate of t;ltration by filtering at the bleaching tempe-
rature and to avoid oxidation by cooling the oil before-
it is discharged into a storage tank,

'_Bleaoping‘cheq;ogla retain a lot of oil notwithatanding
steam agq air b}gwing opo?ationa. Besides, prolonged

ﬂ,atgam or gir;bl?wing‘;q Liab}e to have deleterious effeois

.on the oil that is recovered..

~ At least 20% of oil is lost % Fullers Earth, the quantity
retained dqing more with aotivated earths and even higher

' 1
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with activated carbon.

An adyantage of using Hermetio pressure=leaf filtors is
that after the filtration.operation is over, the
blpaching materials ocould be extraoted .with a non=-
inflammable. solvent and -practically all the'oil retained
1may bo recovered. This operation should be' economioally

interesting in view of the prevailing high prices of oil,

120



DEQODQRIZATION OF SOYBEAN OIL.

As any othcr triglyceride, soybean oll contains eoue
odoriferous substances. The green "beany" odour and
flavour is characteristic of soybean oil, Nakamiya
reported the presence of an unsaturated hydrocarbon,
C-18H-32, gaduseéne, also present in fish oils, A
nitrogen containing odoriferous material that reduced
Fehling's solution has becn reported to be found in
soybean oil by Veskresenskii and Dobruinina, Jasnurson
and Jonos identificd terpenes, aliphatic hydrocarbons,
methyl ketoncs and other alkyl methyl carbinols in

deodoriser distillates,

These ¢an be removed by low pressure steam stripping.
Steoam deodorization is effeotive in view of the groat
difforence in the volatility botween the triglycerides
and tho substancos whioh give thom the odors and flavours.
The process is conduoted at high tempuraturvs to ensuxa
higher volatility of the odorifcrous substances, Very
low pressures are used to protect the oil from oxidation
at tho highor temperaturos, It will prevent hydrolysis
of the glycerides and minimise eteam oconsumption. It

has buen observed that notwithstanding such drastio
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treatment, there is always ocrtain amount of reversisn of
odors and flavors, ;articuiarly when strongly rancid oils
are'deodorized and exposed toﬁair for longer periods even
at lowcr tcmpcraturéa. ~The fancidity is followed by

 increase of the free fatty aclds percentese, an increase

in thc peroxide value,

" In deodorization procoss the steanm functions ¢s an incrt
ga8 and has no chemical action on the voletile natters,
The injccted stecam has no chancc oY condensing, An inert
gas likce Witrogen {8 useful but the :eonomics and casy
availability’of low pressure steam singlus {t out as an

A
oxcellent tool,

The amount ¢f odoriferous matter present is different (n
difforent oils and sometimes in the same oi{l. It is in
the region of 0,1% to 0.5%, Salway cestimated the amount
of methyl-nonyl-kctone in palm kerncl oil as 0,127 and in
coconut oil as 0,037'. Phurran estimated it as 0,12% in
groundnut oil and 1,755 in beef fat,

Vapour prcssure data of volatile componunts are given

as a general reforunce:
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. MP BP
deg,C, ©  dek:le

Methyl-heptyl-kefone ' 15' 193

Methyl-nonyl-ketone 15 . . 225
Mgthyldeoyl-ketone 21 247
Methyl-undeoyl-ketone . . 28 26%

(Y.Brach, J.5e0,Chem.Ind, XLV (1), 73 T, .1926)

Assuming that the vapoul pressurés at the melting points
are equal to the vapour pressure of water at zero deg.C,
vapour pressure curves are drawh by means of Duhring
Rule. The vapour pressure of methyl nonyl ketone at
100°C will be about 223.3 mm,Hg, It may also be assumed
that the v,p. of the Bubstance dissolved in tho oil is
direotly proportional to its concentration. Therefore,
0.2% of methyl nonyl ketone in‘odl would ‘have, at 160°6,
a v.p, of about 0,517 mm,Hg, This points out the
difficulty of deodorisation, Cohpared to the partial
pressure of steam, the effeot of the Yep. of the odori~

ferous substances Sppeéra to Be negligible. -

It is also observed that'the'removal of odor of an oil
is proportional with the Pemoval ‘of its FFA content.
The roduotion of FFA is a moasure of the oxtent of
deodorisation, This is used as a rofarerice in the

prooess,
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A glance at the table of the'boiling:points of some
saturated.fatéy ;oida phows that the vapour pressure
inorsases with Qéoééase ip'thé'number of carbon atoms
in the fatt&laclds at any fixed temperature, i1,0.,, at a
specified temperature of deodorisation the FFA with a
lowe£ number of carbon atoms will be removed with a
greater case than the higher carbon aoids, The fatty
acids of a givenrohaiﬁ length exhibit very slight
difference in voletility with different dogroe of un-
saturation, This also means that at any temperature
during deodorisation tho removal of stearic and oleic
acide oould be conourrent and simultaneous; there is no

preforential vaporisation of the unsaturatgd fatty acids.

Theoretiocal The procoss of deodorisation is a simple steam distillation
Minimum Steam
consumption, operation. Under ideal oconditions, it should consume

minimum stripping steam and establish equilibrium

botweon the vapour and 1iquid. Obviously the more effec-
tive fhé contact botwoon tho stoam and the odoriferous
mattér, tho Qigser ihe.aﬁ;réhoh to ‘thé oquilibrium
concentration, By making use of Baoult's and Dalton's
laws of partial prossures, 3ni}ey propoepd the

following equations
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S = PF/EP, (01/02)

S = Moles of steam used for stxripping
. P = Total pressure within deodoriser
F = Moles of oil being stripped
E = Vaporization efficienocy .
Po- Vapor pressure of pure volatile componont to be
O stripped from the oil (odoriferous matter, froe
fatty aeids)
01 &-02 » Initial and final concentrations of the
volatilo component in the oil.

It is, ther-fore, observed that the quantity of steam

required for th2 deodorization iss

a) direetly proportional to the amount of non-volatile
glycerides present

B) direotly proportional to the total pressure in the
Deodorizer

o) direotly proportional to the logarithm of th. ratio
of concentration of volatile components initially
present to that finally prosent '

d) inversely proportional to the vapour pressure of the
pure volatile component

o) inversely proportional to the vaporization efficienay
of the process.

It may be remembered that 1¢ 48 adsumed that thé qysteﬁ
obeys Raoult's lavw and that Dalton's law of partiol
‘pressure is obeyed by the mixture of oteam ond volatile

vapours. Hoﬁevet, this is true only to a limited extent,

Caxrber and Lerman proposed aq.equation. besides the above
assumptiona, on tho consideration of phase rule, The

equilibrium partial pressure, p* has been assumed
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to be a funotion of two variables, e,.g., temperature(T)
~end oonoentration of volatile material (x)3 oconsiduring

- b
the three oomponentsx non-vol:tile oil, volatile subs-

..,

ta.ncee and the inert stripping medium (‘steam); and the

-

two phaeee: liquid and vapour system.

A etudy of the vaporization effioienoy obtained by the
two equatioas ahow oritioa.l variatione influenced by the
only major variable as the total preseure of operation
whieh direotly 1n£luenoea the factor fbr systems obeying
.#aeult'aihaw:..

. It may also be observed that at odhetant.ateaming rete
and temperature the total pressure is direoctly propor-
tional to the vaporization effloienoy. ‘Since this is the

.funetion of the shape of the steam bubble at the surface
uof tho oil, the former falle when ‘'thé’pressure is roduced,
but 1n faot, the temperature of the proocess is maintained

”.eo high that during its travel through the bulk of the
oil the steam bubbles get saturated and a slight change

‘ 1n the total preeaure does not affect the efficiency

_ appreoiably.

v

Entrainment But the entrainment ioss 1s direotly ‘Proportional to the
Loss, "~
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‘vaouum maintained in the head epaoa of the deodorizer,
‘the higher the vaouum the higher ie the loss and this
inoreases on b Iogarithm qule. The rate of oil loss
inoreased exponentially between 250 to 400°F and becomes
aldoaf cbnstant af the higher temperature, Balley has
ghown that at a constant rate of steaming of 1000 lbs.

of oii.per hour %ye 04l loss dus to entrainment is about
18 lbé. at 25 mn, total'preﬁsure whereas the loss beocomos
116 lge. ox abéut 5.5 times when the total pressure is
reduced from 25 mm, to 16 mm., Souders and Brown have
ghown the theorotiocal suspeﬁding velocity with which the
oil droplets are oarried away. At elévatad temperaturos,
aome hydrolyeis of the oil takea place resulting in loss
of oil, .A slight inoraaee.in_temporature causes appre~
oigble inorease in the vapour pressure of the volatile
substances thua‘re&uoing the steam consumption. Simul-
taneously it inoreases the loss of odl due to hydrolysis.
An opéimum relationship botweén these two variables wil;
have to be Qainta;ned.

Apart from the above, by inoreasing tho temperature the
time required for the same reduotion ol FFA ocontent is
onormously reduced, In othoer words, the total effeot

or 1noroaae 1n temperature will rather go in favour of’

~
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an inorease in effiaient operation in so far as the
diltillation lossea are oonocerned,

Entrainment Losses in Deodorisation
at_two difforent pressures,

Flow of injeoted ‘
steam lbae,per hour, 600 8go 1000 1200

Loss in lbs,per hour

at 10 on, Hg, 9.09 40,46  115,9 -
loss in lbs,per hour
at 25 mm, B‘o ’ Lo 6.82 18.18 5401

(Bailey 4,E,, J,Ind,Eng,Chem,, 33,405 (1941).)
Distillation Loss during Deodorization

of Hydrogenated Cottonseed 041,

Pressuret 10,mm,Hf, Injeotion Steams 30 lbs,per hour.

Temperature, Deg,F, 300 250 400 450 475
Loss lba.per hour 3.86 7.95 17,04 30,0 40,91

(Betley A.E., J.Ind,Bng.Chem,, 33,407 (1941),)

Bodman ot al ocaloulated the amount!of stripping steam
roquired to deodorise Soybean oil maintained‘at a tempe-
rature of 250°C and & blow steam .rate of 400 1lbg,per hour

using the vapour pressure of oleic acid ‘as a basis as

belows
Tenp.deg.C. vp of Oleslo. Blow 8tean
aoid om,Eg,
204 4.5 2660
' 233 ) -, 1500 800
250 30,0 400
265 50,0 . 240

For fear of entrainment losses, the high quantity of blow

stean at low temporature i{s roduced, and $ime inoreased,
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Roduotion
FFA & Colox

A study of the various changes during deodoxrisation
showed that the rate of fall of FFA 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
fourd to drop down steeply due to the so-called motal
etf;ot of iron, Baldwin (JAOCS és, 33-35, 1948) found
that the stability inoreased rapidly during the initial
pait of deodorization and then dropped off. The product
obtained from a glass deodorizer or a Chrome-Niokel unit
ghowed no loes in oxid#tive stability. To oounter the

flavour reversion phenomenon, the material of construoction

_of the doodqtizer assumed a vital funotion, Ziels and

Schmidt (N,N,2iels and W.H,Schmidt, 041 and Boap, 22,
327~330, 1945) found that aluminium and nickel were the

only on#s absolutely free of the pro-oxidant effeoct, It

-was also mentioned in literature that the presence of even

pinute quantitics of leocithin during deodorization was
responsidle for flavour instability. Degumming totally,
avoiding higher temperatures during neutralization and
bleaching, and addition of 0,01% of oitric acid as & 20%
solﬁfi;n added just giidr t deodoriaatidﬁ'to inactivate
any remaining leoithin are some of the steps indicated to

158



Batch
Deodorizers,

arrest flavour reversion, Dutton, Moser and Cowan(JAOCS
24, 261~264, 1947) observed that the oitrio aoid troat-

ment asignificantly arrested the flavor roversion even on

aging.,

The batch deodorizers are tell closed oylindriocal vessels .
equipped with steam ocoils for heating and oooling and
generally a three stage stear ejector vacuum system. 4
sparging ooil is located in the bottom of the deodoriger

to prevent heat losses. In operation, the deodorizer is

" loaded under about 25" vecuum with oil to be deodoriszed,

to a level about half to 2/3 the height of the vessel, and
steam is turned inty the heating coils, the vaocuum on the
booster stage of the vacuun 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 stcam pressure available,
and deodorizativn is oarried on for adout 4 to 5 hours at
this temperature, When the oil is sufficiently well deo~
dorized, ocooling woter is fed to the ooils and the oil
cooled to about 70°C, At about 120°~140°0 or so, & small
amcunt of ocitrio aoid is generally added to the oil ¢o
soavenge the metallic lohs -and thoreby improve the

keeping quolity of the oil,
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Soni-Con=
Zinuvous

Loodorizers,

Relatively recently the use of Dowfherm for heating has
become common. By the use of this hoating medium high
temperature for deodorization has beocome practical since
high temperatures can be attained with low pressures of
Dowtherm as ocontrasted to very high pressures for steam.

Temperatures up to 225°0 or even higher are now used with

.aubseqnent better deodorizing results,

Normally the oourse ;f deodérization ig not followed
analytically, but is oontinusd for a definite period of
time which has shown by experience to give satisfaotory
results. After deodorizing, the oil is filtered to a
brillian¥ olarity before filling. 4 sample of the oil is
checked for flavor and odor, and eu§deoted to the acoele-~
rated stability test known as the Swift test, or A.0.,M,
tost.

New installations of deodorizers are most likely to be
seni-continuous or continuous units, The semi-continuous
unit consists ¢f five deodorizing chambers, called trays,
mounted insido a vertical oylindrioal vessel, all main-
tained under vacuum, The trays arc light weight, sinoce
they oontain 1ittle oil and do not have to support the

vaouwn, and are usuclly made of monel or steinless steel.
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The outer vessel supports these trays and is made of
thiock eteel plate. In operation, a measured amount of

| oil ia pulled by vacuum into the upper tray, ‘where 1t is
heated .%o 160°~190°0 by steam or Dowtherm while being
agitated by a ourrent of steam, Afterenother 3n minutea
the oil is dropped to the third {tray and agxin after 30
minutes to the fourth tray. In both trays a heavy
ourrent of steam ‘accomplished deodorizing. in the fifth
tray the oil is ocooled by water flowing through coils,
while the oil 1s agitated with steam. In t}tzia tray the
.oitrio aoid, and any other antioxidant is added before
‘pumping the oil through a filter to & holding tank, 411
movement of oil from tho mea?uring}tank to each of tho
‘variqus ttgya, and to storage, and:aI}'heatihg and cool-
ing,ﬁa;e controlled by .sequenoce tiqer opqrgt;ng the
various valves at the proper time, ,In‘othei words, the
operation is completely automatic. The angntagea of the
sem{opntinuous deodorizer ares much reduoed stripping
.8tean requi rements (4 to 5 pouﬁds of eteam per 100 pounds
of oil as oompn:ed to 20 to' 50 pounds used in batoh deo~-
dbrization); navings in ejeotor steam and oondensor watarg
.and reduotion of peak loads on heating ‘and oooling utili~
ties. Color reductiovn is equivalent to that of bataoh
deodorization, free fatty acid reduotion is about equal,
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Continuo
5gggorgzers,

entrainment lossas are not higher and may bo 1>.13T cal

flavour is aB good as or better than with baton éde.dri-

gation,

1

2.
Be
4.
5,

6.

'Whot are the ideal conditions for deodorisation?

H1ghost possidlo vacuun (or lowest poseible
absolute proseure) in the eysterr economically
obtainable. Voot e

'Moximum possible utilisation of the heating

and stripping steam or minimun consumption of
steam £5r obtaining best poee;ble rosulta,.

‘Achidving most intimate contact betweon the
oil and the stripping steam.

Perfeot vapour~tightness of tho devdorizing
equipnent to eliminato possibilities of entry

.of air in order to prevent oxidetion and
oolour impairment.,

Floxibility in oporation, faoilitating the
processing of all kinds of odils,

Mininum quantity of 0il in procoss for
achioving quick start-up and easy change-
over from one kind of oil to another,

Baving laid down the oriteria, let us seo how best

CONTINUOUS DEODORIZING SYSTEM stands up to requirumentss

1.

In batch doodorization the stripping steam
Just bubbles up through & colunn of oil and
{8 rendered useless thoreafter, From the
point of view of in%imote contact hetwoen
the stean and o1l and offeotive stripping
aotion, tho conditions provailing in the

‘batoh deodorizer leave much to be desired,

In the antinuoﬁs Doodorizing System, intimate
contact between the steam and the oil is
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2,

3e

4.

56

"likewise reduced to the nminimum,

achieved by speocial injection-mixing devioes
by which the stripping stoam is mado to throw
up the 0il in process in the fom of fine
spray sinultaneously establishing perfeot
oontaot between the two, A series of such
devices located in the bottom compartment of
the Deodorizer achieves drastio stripping
action unattainable in the batoh systen,

A further noticeadble feature is, after pere
forming 4%ts funotion in the bottom compartment,
the escaping stean is nade to do further work
by encountering the incoming oil in thin films,
It would be ovidont therofore that the strip~
pring steam is atleast twice as effeootive in
the ocontinuous system when oompared to the
batch system,

48 large batch sizes are generally in vogue =~
even upto 10.Tonnes - and, as mentioned above,
tho stripping conditions are unsatisfactory, a
huge quantity of stripping stecam 1s required
in the batch process., In contrast, in the
continuous system the quontity of oil in
process is reduced to the barest mininum and
consequently the consunption of steam is

Another significant advantage of minimum
quantity of oil in process is that tho start-
up time is remarkably shorter and changeover
from one kind of oil to another can be
achieved easily and specdily.,

Intermittent oporations in the batch system

are not conducive to heat exchange praoctioes
and effeoctive utilisation of the process heat,
Tre continuous systen, by virtue of being con-
%inuous in operation, lends itself to effiocient
heat exchange techniques resulting in the maxi-~
nun possible ;wofitable use of the process heat,
This ocontributes further to economy in steanm
consunption,

In the batoch deodorizer considerable amount of
steam is wasted for naintaining agitation in
the 01l during heating and cooling processesj
such wastage of steam is totally eliminated in
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6.

Te

8.

9

10,

the oontinuous system cs the heating and
cooling operations are conduoted under dynczio
oconditions not requiring extraneous agitation.

The funotion of the deodorization equipuent is
to-oconduoct the deodorising operetionjy in the
batcoh process, utilization of equipment fron
this point of view amounts only to about 60%,
the remeining time being consumed for chorging,
heating, cooling and discharging oporctions,

In the continuous system the deodorizer is uti-~
lized upto 100% for tho deocdorization prucess
alone as the flow of oil i& continuous and

shoating and oocoling operations are conduoted

outside the Deodorizer,

Air 1s the arch enemy of the deodorizing proocosa,
It results in oxidation and impairment of colouxr
under the conditions of process, In the conti-
nuous systen a special Deaeration Stcge ensures
of footive romoval of all entratned air before

the oil is hcataod to the operating temperature

. and subjooted to the doodorizing procuss, Botter

stability of tho. finished product and lighter
oolour is thercfore achieved in the continuous
gystom than in tho batch systoen,

A certain amount of loss, termed the 'ontrainnent
loss', is involved in the deodorizing procoss,
The entrainment loss is reduced in the continuous
gysten by virtuo of the short duration of the
deodorizing prooess ~ about 25% when compared to
the batoh processing - reduces ocorrespondingly
possibilities of hydrolysis of the oil and loss
of the resulting volatile fatty acid.

By virtue of its low consumption of stean - about
40% as ocompared to batch procossing - the requiro-
ments of ocondensor water in the continuous systenm
aro courespondingly lower when comparacd i, the
batch jrocessing, Thanks to the effective huat
oxchange techniques, the requirements of cooling
water are also signifioantly lower.

The equipiaent of ocontinuous system is very oompaot

and oooupy o frootion of the space that wuuld be
roquired for batch operation of equal sapaoity,
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This feeture is of particular advantage at
the time of expansion of the existing plants

as higher capacitics can be achievel without
any extension of the building which wuuld
otherwise be nccessary fir batch systen,

11, Above all, the continuous systen ensurcs
uniforn quality throughout, It requires
practically no labour for operationnl
purposes once the plant has been startcd up.

Deaserated
Steam an First of all, doodorizer operation is olusely tied in with

inportant

factor, good boiler operation., The first step in the operation of
boilers supplying steam to the .deodorizer is to be sure
that the bouiler fead-water ig deaerated prior to ontry in
the boiler., Water at normal temperatures contain dis-
solved airy 4f 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 0il in the deodorizer, the air
also passes through the 0oil, and we have a condition
existing that the deodorizer ig designed to avoid ~ that
is, direot ocontact with air ot high temperatures, To
avoid this, the water should be passod through a de~
aerating preheater where the water is heated to, oxr olos;

to, the boiling point under oonditions where the air is

removed from the water,
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Dry Steam is If boilers are operated olose to their maximum oapooity,

Boseptiads, there are two potontially dangexous oconditions that can
adversely affeot deodorizer operation. Surge loads, such
as oaused by opening stean to heat a batch of »il,
applied to a boiler olose to maximum output, will often
oause the boiler to prime, that is, water from the boilexr
will carry over with the steam, When this slug of water
reaches the deodorizex, it ocan cause two things to happens
wet steam passing through the ejector oxifices will upset
the vacuum system, and a slug of water entering the oil
with the livesteam will cause a sudden vaocuum breaks the
vater upon oontact with the oil at 210°=230°0 will flash
into large volumes of steam, momentarily overloading the
ejeotor system, and possibly even causing & carry-over of
0oi1l into the oondensor downlug., Also evaporation of this
wvater will deposit bodiler solids into the oil,

Steady Ste The same overloads applied to the boiler can cause drops
Pressure,

in boliler preasure, and if the steam pressure drops too
low the steam ejeotors on the deodoriger vaouum system do
not work effiociently, The vaouum drops, or more ocorrectly,
the absolute pressure.in the deodorizer rises, sometimoes

a8 high as 20 to 30 mm,
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The net result of all the above desoribod diffioculties,
or any part of them, is a deocrease in stability of tae
product, as well as a deterioration in flavor and odor,

The produot is not as good as it ocan and sh>uld be,
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HYDROGENATION, #

HBydrogenation provides means of converting liquid oils
into semisolid plastio fats suitble for ghortening and
margarine manufaoture, However, 4t also enhanoces the

gtability and improves the ocolour of the oil,

The reaotion requires o oatalysty the catalyst employed

in ocommercial plants consists basiocally of nickel, although
minor amounts of copper, olumina eto., may be inovrporated
for their promoter action. By far the groatost cnoount of
hydrogenation is oarried out with powdered catalyst with
the metal in a very finely divided form preparod by speoial
pethods and oftaen supported on highly porous inexrt re~-
frootory materials, such as diatomaceous earth, The
oatalyst is suspended in the oil during hydrogenation and
is subsequently removed by filtration at the conolusion

of the roeaoction,

For hydrogenation to take place, gaseous hydr.gen, liquid
oil, and solid cotalysts must be br.ught together at a
guitable temporature, In ordinary practioce, it mey be

assumed thct the hydrogen is first oaused to dissolve in

# Extracts from peper by W.J.Lehmann, Courteey Nationel
8oyboan Processors Assoolation of the U.8.4., New Delhi.
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the o041 and the hydrogen laden oil is brought in ocontaot

with the catalyst by mechanical means. In the usual type
of equipment, reaotion is brought about by agitating the

, 0il-catalyst mixture in an atmosphere of hydrogen, Agi-

tation serves the doudle purpose of promoting solution of
the hydrogen in thg oil and continuously renewing the oil
at the surface of the oatalyst. The solubility of hydro-
gen gas inoreases as the temperature and pressure are

inoreased,

- The rate at which hydrogenation prooceeds depends upon the
temperature, the nature of the 0il, the aotivity and con-
centration of the catalyst, and the rate at which the
hydrogen and the unsaturated oil molecules are supplied
togethexr to the aotive catalytio surface. The hydrogenated
product may vary according to the position of the double
bonds which are hydrogenated, as well as certain
isomerising influences accompanying the reaction and are
dependent upon the temperature.

Ordinarily, the ooncentration of niakel employed as a

oatalyst for the hydrogenation of fats does not exoead
& fow hundreds of 1,0% of the weight of the fat, The
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total commeroisl usage of niekel for-fet hydrggenation

in the United States is estimated at 800,000 1lbs, per

year plus about 500,000 lbs#; per year captive to produce
about fous billion pounds.of hydrogenated fats. The totsl

* world usage of nickel was estimated to be 2,3 million

pounds in 1962,

The type of ocatalysis that operates in fat hydxo genation
1s hetrogeneous catalysis. By definition, & hetrogeneous
system is one in which the ocatalyst and the reaotants
exist in Aifferent physiocal states.

In hetrogensous oatalysis 1t is tho ocatalyst surface
vhich performs the oatalytio funotiony hence the nature
of the surface i@ of extreme importance. The faoct that
the charaoteristios of a solid catalyst are determined by
the submicxosoopio character of surface renders the study

and control of such catalysts very diffiocult, Apparently,

similar oatalysts may differ enormously in aotivity and

speaifio aotion.

Tt 418 now generally assumed thas roaction in hotrogensous

oatalysis proceeds thiough- the formation of unetable
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intermediate compoundg or adsorption ocomplexes, in which
the oatalyst is temporarily combined with one or more of

the reaotants.

Bydrogen catalysts have a strong attraotioﬁ for traoces gr
soap and otherx 1mpur1£iea found in all oilsy Thelr -
adsorption has a poisoning offeot on the catalyst; that

is, the portions of the catalytic surface whioh combine
with the impurities lose their ability to reaoct cataly-
tiocally. The oonbentration to which the oatalyst can be
reduced in practice is limited by the necessity for pro-
viding a certain amount of aotive niokel for the absorp~
tion of éoiaons. The hydrogenation rate falls off rapidly
as the ambunt of oaialyst approaches that required to
adsorb the_poisone, and with any o%l there is a catalyst
level beloﬁ:whioh hydrogenation becomes impraotioally slow.
With most oils and catalysts, this level is in tho neigh~
bourhood of 0,02 to 0;03% where hydrogenation is to be

practically ocomplete,
The presence of moisture and peroxides will reduce the

rate and the course of the hydrogenation., Tho oil mus$

be thoroughly dehydrated before hydrogenation. It was
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Eodeons,

denonstrated in pilot plant investigations that elimina-
tion of peroxides by ﬁté&edderization inoreased the rate
of hydrogenation and ifi addition improved the flavor
stability of the odl, '

The worst polsons are gaseous sulphur compounds; hy.@:;quq

* ‘sulphide, ecarbon disulphide, sulphur dioxide, ocarbon

oxysulphide, eto., since tﬁey ooour in oxide hydrogen
prepared by the.steam-iron; water gas catalytio or hydro-
oarbon reforming process. Sﬁlphur soisons the oatalyst

irreversibly.

~ Besides sulphur compounds, the poison mobt likeoly tu give

trouble is carbon monoxide which is alsc present in sma}l
amount {n unpurified steam-iron and steam-hydrooarbon
hydrogen. Oarbon monoxide is atsorbed more slowly than
are tho silphur comprunds and poisons the catalyst
reversibly. The poisoning effect of carbon monoxide is
highly dependent upon the conditions of hydrogenation and
vartiocularly the temperature of hydrégonation. At 400°F,
carbon monoxide in the concentration of 0.5% in the
‘hydrogen will slov tho oporation to a barely noticeable
dégree. At 350°F;'tﬁe efféot will be much more noticoable,
and at 300°F, it will not be possidle to hydrogenate when
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as little as 0.1% carbon monoxide is prosent without
frequent evaocuation, The poisoning effeot of ocarbon
monoxide is more troudblesome at low hydrogen pressures,
Most other gases which may be present as impurities are
oarbon dioxide, nitrogen, methane, and in the oase of
eleotrolytic hydrogen, oxygen, These are not oatalytio
poisons al though in the operation of fho "dead-end® type
of hydrogenators, they will slow the reaction if allowed
to acoumulate in the head space and d{lute tho hydrogen,
Oxygen, of course, which cause oxidation of the oil if
present in the hydrogen and have a harmful offect on the
stability of the finished product,

The matter of catalyst polsoning through impurities in

the 041 has been discussed to a slight extent prefiously.
Not a great deal is known about the natural oil and fat
impurities that may funotion as oatalyst poiagons., Free
fatty aoclds in emall concentrations have little effoot on
the aotivitx of the oatalyst, Oartenoid pigments appear t¢o
be AGvoid ;f poiaoning tondonoiep 8inoce there 18 no ocoxr~
felétion beiweoh the colour of the oil and the readinsas

with which it may be hydrogenated, There are oatalytio
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poisons (probdably phosphgtides) in most oxude oils}
however, these oils are more eaaily.hydrogenated after
refining, In the ocase of soms oils, such as orude

£ish oil, treatmenf with a liberal quantity of aotive
ﬁleadhing olay i; a8 efteotive in removing the poisons
as alkali regining. Howevei, {n gome ingtance the expe-
dient in aometimée adopted of giving the oil a pretreat=
ment with old catalyst during the bleaching step or at
times prior to it.

' Sodiun and other alkall soaps are pronounced ocatalyst
poisons., Suffiociont soap % poison the catalyst will
geldom be found in vegetable oils which have boen well
water washed, driocd and bleached after alkali refining.

A vide varioty of substances were dested for their effect

on n;okel catalysts by Ueno.

Carbon monoxide is ofton observed to acoumulate in olosed
hydrogenation systems and is generally oconsidoxed to be
formed by tho‘deoomponition of the oil, However, thie
compound 18 aleo & trace impurity in such oomneroial
hydrogen and thore }a considorable doudt that there is

any appreoiable evolutisn of CO from oil exocept at quite
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Effect of
Poisoning
on Product
Character-
istios,

elevated operating temperatures.

Partial poisoning can effect other oharaoteristic than
Just the activitigs of the catalyst. Sulphur poisoned
oatalysts, in partioular, produce large quantitios of
iso~0leio aoids in hydrogennted oils, Catalysts whioh
have become pertially inactivated in use also rroduoce

hydrogenated products which are higher in isooleioc acids

at a given saturated acid level.

Heat of
Reaction.

Incidental
Effects

accompanying
Hydrogenation:

Isonerization,

Hydrogenation is an exochemic reaction. Fron tho best
available speoifio hoat-data, the temperaturo rige
recorded by Kaufmann corresponds,to 1,6 = 1.7 BTU/1b.per
undt drop in iodine numbor. Hydrogenation of olive oil,
castor oil and oleioc acid yields suffiocient hoat of re~
aotion to raise the temperature 1,6 to 1.7°C per unit

deorcase in iodine number,

In the hydrogenation of fats there is oconsiderabdle
tendenoy toward the frrmation of isomerio unsaturated
fatty acids with provorties different from the natural

ocourring forms, BSuch isomers may originate from (a)

. addition of hydrogen at a dyuble bond which is not
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normally saturated by natural prooess, (b) the migration
of doudble bonds, or (o) conversion of natural %o trans

aoids.

Conalusions regaiding composition of hydrogenated fats,
especially those published prior to about 1955 must de
acoepted with reservation, New analytieal %ools in$ro-
duoced at that time, such as, the infrared epeotrophoto-
metrio technique of proved reliadility, have provided a
botter ploture of what ineidental effeots accompany
hydrogenation, |

From praotieal standpoint these isomers or new aocids of
hydrogenation are of interest chiefly because of their
relatively high melting points and subsequent.effeot on
the oousistenoy of the hydrogenated produote.. In the
parlance of the 1nduatiy tho term "isooleio acide" refers
eimply to tho unsaturated acids of high melting point
wvhioch appoar with the saturated acids in the oconven=
tional lead soap separation of the latter, Acoording to
Jackson and Callon at loast six differsnt Lssoleio acide
are to be found in pﬁrtinlly hydr genated cottunseed ox
soyboan oil, with melting points ranging from 44° to 53°C,
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Sims and Eifman observed on hydrogenating lard, tellow,
linseed, cottonseed, soybean and olive oils that~atlﬁhé.
point where the trans aoids reached their maximum éhey .
represented one half to two-~thirds of the total doubdble
bonds present in the hydrogenated fat.

In addition to its bearing upon the consistenoy of the

- hydrogenated fats, the fomation of various isomers is
some oonoern in relation to their stability. The posi~
tion of tho double bonds has a great influence upon the
rate at which a polyunsaturated fatty acid or its ester
will oxidise, In particular, an aocid yith widely sepa~-
rated double bonds, such as 9 s+ 10, 15 s 16 ootodecadienolioe
aoid is much more resistant to oxidation than a natural
a0id of equal unsaturation whioch oontains the active ~
CHs CHCHacHt CH - group or the methylene interrupted
doudle donds.

When it is recalled that all natural fats oconsist not of
ono but of a number of different glycerides, it will be
appreciated that hydrogenation is too compliceted and
methods of analysis too inadequate for any but the main
tronde of the overall reaction to be discernidle by even

presont analytical techniques,.
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Influence of
Zempergture,

Pressure,
Agitation &

Catalysb,

In disoussing the influence of any single operatiug
variable upon selectivity and trans-isomer formation,
ita depondence upon other existing operating condi tions
cannot be ignored., This inter-dependence is well demon-
strated in the work of Eldib and Albright.

Thus whereas seleotivity is improved in general by in-
oreasing the temperature of hydrogenation, in some ocombi-
nations of operating conditions the influence of this
operating variable is essentially absent. In the ocase 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 48 noted that not only is the rate of agitation a
variable of some oconsequence but so is the type of agita-
tion. Influences that are effeotive using a bladed paddle
agitator are eliminated when a gas dispersing turbine

type agitatbr is substituted under otherwise identiml
oonditions, Keeping all these faoctors in mind, under
normal operating conditions selectivity is improved by
inoreasing the temperature and the degree of agitation,

Diene oonjugation follows a like pattern,
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-In summary, .the higher the temperature the exreater the

‘selectivity and the more isooleio (tfana aocids) are

- formed, The rate of hydrogenation also i@oreases.

Effect of
o len

on ease of
gxdroggnatiog.

Hydrogenation
Equipment,

The higher the pressure the less seleotive the reaction
beocomea,  with lesa trans-isomer formation. The rate of

hydrogenation 1noregaea.

The higher the catalyst oonocentration the greater the
gelectivity with more transisomer formation and again

the rate inoreases,

Aolds of hizh moleoulag weight appear to hydrogenate less
rapidly than lower-mdlocular-weight aoida of the same
equivalent unsaturation. Hilditéh and P@ul have
observed, for example, that eruoic acid is hydrogenated
with more Aifficulty than oleic aoid., Artameonov con-
firmed ‘this observation and suggested this might explain
in part.the difficulty of hydroganﬁting such oils as

Tapeseed and mustard seed oil,

Almost all of the oil hydrogenated ocomnerocially is pro-

cessed in batch equipment. Although the development and
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adoption ot‘oentingege proeeeqee,have_heen the general

. rule in other oil prooessing operations, continuous equip-
,?entNhae not become eopnlar for gydzogegation. This faot
me& be attributed to oonsideradble mechanical diffioulties
. in echieving the q;oee oontxol and higp ssleotivity by
modern processors, and the divereity of ‘hardening ocondi=
tione in most plante whioh require greater floxibility
than is readily obtained in a continuous system, Con-
tinuous eydzogenaﬁion proocesses are under ocontinual

investigation,

In designing a hydrogenation reaotor the prinecipal objeot
is to obtain good mixing of hydrogen and oiljy mixing of
oil and oatalyst is of ninor importanoe. Henoe - en‘effi-
olent hydrogenatox 1s eugentially an effiociemt: and eaaily
oontrolled gas absorber,

In the early days of hydrogenation, favour was divided
between the so-called Wilfusschewitoock system, in which
oil sprayed gnto an atmoephere of hydrogen, and the Norman
system in whioh hydrogen is bubbled into a body of the oil.
In the United States, the development of the modern Norman

systen has been in the direotion of eimplirying rather
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Batch Eguip-

ment - Redir—-

culation
system, -

than elabarating the apparatus. The former system is now
seldom used. The hydrogenation -plante now operating
commercially in. the United States are en’aentially divided
betwpen, recirculating systems in whioh agitation and dig-
persion of hydrogen are.ashieved'by ‘continuously recyoling
hydrogen in large volumes through the reaotor, and the
newer "dead-end", systems:. in which the réactor is supplied
qnly with ag much hydrogen as is absorbed, 'and the dig-

persion of the, gas-is .accomplished by mechaniocal agitation.

Tha reaotor proper is a tall oylinderiocal veéssel having a

oapaocity varying between 20,000 to 404000 lbs, of oil
oontaining .heating c0ils and ‘a"distributing device in the
bottom for breakdng up the injeoting hydrogen into a

stream of very fine bubbles,- A blower or comprossor is

. Provided of large oapaciti which continuo'usiy withdraws

hydrogen from the headspace of the reactors, forcos it
through a purification train“-and mparges it back into the
0il, Undue build up of impurities and other non-

removable impurities is avoided by intermittent venting
. %o the atmosphore. With hydrogen of good quality venting
.3 or 4% of the total hydrogen is adequate, Although

hydrogen ig sometimes supplied from a high pressure
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tank it 49 more-usual to store i% in a'low pressure
‘holder. The reoirculating blower may be. designed to
bﬁild'up a moderate premsure upon the:reaotor, but more
bomﬁonlf the reaction is carried out at slightly above

“atinospheric pressure, -

There are cotisiderable differences of opinion as to the
‘benéfits of the purification: train and this portion
varies considerably in design. .The earlier plants
gubjeoted the recirculating gas to water washing, ocaustio
gorubbing, and in some vases, to -contact with active
sarbon; In using the relatively pure hydrogen suﬁilied} ;
by modern eleotrolytio, steam hydrooarbon, or steam-iron.
plénx‘there'ie no real advantage in elaborate purifioca~
tions and some processors employing this.sytem omit all
éteph‘éxoépg water washing anduse this step only as @
‘oonvenient means of cooling the exit hydrogen bofore it

reaches the reairculating blower, -

In ‘the operation of the rediroculation system, the reactor
in almost Always kept f£illed with hydrogen under low
pressure at all timos except whon hydrogenation is

actually in progresa. When the catalyst is added to the
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Batch Equip-
mpnt -~ Dead

End System,

oil, hydrogenation takes place during the hoating
pericd and thereafter as lcng as 1t is required to
reduce the cil to the proper specifications; water ig
admitted to the coils to carrj away heat of reaotion and

‘ms ntain the temperature within proper limits. At the

conclusion of the reacticn, the reaction is stopped by

AT

shutting down the compressor and the finished charge is

pumped out through an external cccler to a filter press
where the catalyst is removed and thence "post refining"

and to storcge.

Modern dead-end hydrogenators are clcsed vertiocal oylin~
drical vessels cf about 10 OOO to 60, 000 1bs. ocapaoity

designed for full vaouum, and 100-150 pounds woxrking

pressure. Coils within the vessel are proxided to take

elther water for cooling or steam fbr heating., As these
reaoctors require less hoad space above the oil ocharge,
they are genorally somewhat shortor in relation to their
diameter than the reaotors used in the circulating system,

Only special agitators designed to give efficicnt hydrogen

dispersion, are satisfactory for dead-end hydrngenators,

A widely ueed agitator at present has tWO or more turbine

type 1mpcllers ot a specicl shrouded design, with the top
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1mpeller relatively noar the surface of the 0oil and
provided with a auotion aleeve, that projaots into the
head spaoe and inducee hydrogen from the head space back

into the 011.

A newer but ﬁighly effioclent dgitaior'eﬁployed impellers
conslobing of flat paddles set vertically around the
periphery of a £1at horizontal diso.' In some units
vertiocal banks of tubes around the inxier"wall serve the
aouble:ﬁuipoaé of Heatiné or cooling fhe.éharge and pro-
viding baffles to limit swifling of the oil and improves
hydrogen dispersion. Howcver, the upper manifold oonsists
of an espasisién looj to avoid fracturing of the tubes due
toféxpannioh and ooﬁtraotion during the ﬁéating'énd 0001~
"ing péribda; Others have'haiidal ooils with baffles

‘mbunted to them to obtain the impiovemén€ in gas dispersion,

An important accessory of the dead-end hydrogenator is a

' steam ejeotor capable of quidkly evaouating the empty
hfdrogengtor and maintaining a vaouun 6f'28 inches, The
.ovaoﬁator oan be of aﬂsiﬁéié or two atﬁéo.non-oondensing
type. Hyicogen is supplied to the unit from high pressure

storage tanks through & reducing valve set at a constant
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operating prossure and is admitted to the unit only when

hydrogenat;on is aotually in progress,

In operation of the dead-end, hydrogenator is kept under
vaocuun while the charge of oil and oatalyst is being
.pumped in, and also while the oil is being heated to the
operating temperature, the object being to deasrate and
dry the oil before it reaches high temperature, When the
batch reaches the operating temperature, -the vaocuum line
{8 -closed, and hydrogen is admitted to the vessel until
the pressure is just above atmospherioc pressure. The
-"hydrogen supply is shut off and the vesgel again evacuated
.to at least 125 mm absolute pressure., This is a safety
practice to avoid having an explosive mixturo in the
hydrogenatox while the reactian is being ocarried out,
Inveatigations were ennduocted in production scale hydro-
genators (12,5 ton units) 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 pressurcs and was avoided only when the absolute
pressure was at 12,5 mm or less, It requires at least

two purges and evaocustiona to 125 mm 4f the original vaouum

i 125 mm absolute pressure.
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‘The hydrogenators are. normally equipped with two relief
valves end steam:aupply 1ine. to the head spaoce should a

fire oocur at the stuffling box or seal of the shaft of
the agitator, 4n open stgam line is normally installed
direct to the stuffling box or seal to aid in extinguish=~
ing the fire from the outside of the unit, The steam
valve supplying steam to the head space should be opened
betore,oloagng‘the hyﬁrogqp supply valve to avoid drawing
alr into the unit and causing an explosion.

At the end of the hydrogenat}on period thé flow of
hydrogen is etopppd,.the hydrogen in the head space is
drawn out by the vaocuum system end the hydrogeneted oil
cooled to 160-190°F by water flowing through the ocoils.
The hydrogenator is then purged with air or preferably
nitrogen one, two or thrue times to avoid an oxplosive
mixture in the case of air to?ming in the unit, A vent
line to the atmosphere should be'instali;d in the hydrogen
1ine between double blook valves to prevent hydrogen from
leaking into the hydrogenatgr vhile pumping out the
charge to Fhe filters,

operate '
Some processors/machanically agitated hydrogenators
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in such a manner %o oombine typioal foatures of tho dead=
end units and the reciroculating systems. For example, &
amall amount of hydrogen is bled pack through the purdfy-
ing system and then recompressed and added to thu gas in
the high pressure storage tank, Another examplo is that
the b;toh may be cooled externally through & heat exchan=
gor or dropped into a geocond tank under veouum where it 18
cooled while a seocond charge is pumped into the hydro-
genator. One prooessor utilises the heat of the hydro~-
genated air to preheat the inooming chaxrge by pumping it

through ocoils loocated in the dxop tank,

The advantagos of doad~-end hydrogenation with evaouation
of the hydrogenator in comparigon with hydrogenation by

gas oiroulation are

a) Prevention of oxidation and hydrolyseis of
the oils, through deaeration and do-
hydration of the charge.

b) More positive controls of the reaction and
consequent inmproved product uniformity (the
reaction being carried out at & definite

and codstant temperature) and the amount of
hydro gen absorbed by the oil is casily asoor—
toined from tho prossure drop in the hydrogen
suoply tank,

o) Groater latitude in peleotivity and
deoreased dependence upon tho tomperature
as o faotor detormining seleotivity.

d4) Less expensive and more ensily maintained,
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on charaoter—

istios othex

than melting
point,

The characteristic of fat most direotly affeoted by
hydrogenation is the iodine number which deoreases in

direct proportion to the amount of hydrogen absorbed,

Certain nonglyoeride constituents of fats and oils are
reduced during hydrogenation inaluding carotenoid pig-
ments and probably unsaturated hydrooarbons. The hydro~
genation of the ocarotenoids usuelly cauges & marked de-~
oreage in the ocolour of vegetable oils. Unbleached palm
0i1 which is deep orange red is no darker than other

vegetable oils after it is hydrogenated,

Ordinarily the free fatty acid of a dry oil is not much

affeoted by hydrogenation and may inorease by 0.1 to 0.2%,

Hydrogenation will destroy the natural flavour and odour
of any oil or fat, produoing instead a distinotive rather
unpleasant hydrogenation odour whieh must be removed by

deodorization,
The stability of the oils as measured by the acocelerated

oxidation tests is progressively inorenged aa the olls
are hydrogenated,
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 Hydrogenation reduces the rofraotive index, Tho

Effeot of
Hydrogenation
upon the nelt-
ing point,con-
sistency and -
golid Fat Index

relationship botween iodine number and refrastive Ludex

depends largely upon the average molecular ‘wéight of the

"glyocerideas. The dorrelatlon between tho refraotive

1hex and the lodine number is not previse for any glven
variety of oll but ‘the -refractive index will indioate the
fodine number of a hydrogenated -oil within one or two
units, ' Sirice the réfractive index measurements oan be
ensily and ‘quickly made, they are often used as a means

of ocontrolling hydrogenation,

During the firast stages of hydrogenation the consistency
of an oil and the charactoristics related to it, such.as -

the melting point, soffening point, ocongoal point ands .-

ibx Dilatometry)solid fat index depend & gréat deal upon the oconditions

of hydrogonation and the characteristics of the catalyst,

'The melting point varies according to the saturated acid

‘content and henoe depbnds upon the selootivity of the

readtion, : ' '
The lack of seleotivity with respect to hydrvgzenation of

glycerides, quite as much as he oqually unavoidable

fomation of traonsisomers, renders it impossible to
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Methods fox

Hyd

t

n -

produoe hydrogeneted fats or oile which are equivzlont to

some of the natural fate. Natural fats tend to be softex

'1n ooneietenew and lower in melting point than it 1s

poeeible to make hydrogenafed.oile of the same lodine
number. Olive oil, for examplo, hae an iodine number of
about 80 but remains liquid‘to quite low tenmperatures,
°ottoneeed and Soybean 0il hydrogenated to this loddne
number are lard-like in ooneietenoy at ordinary room
temperature, Coneequently, lard subetitutee can be

prepared by, the hydrogenation of vegeteble oils to fodima

numbers in the same range as lard.

Even though different batches of oil are hydrogenatod to
the same fodine number under uniform oonditione, elight f
variations ooour 1mmediately in the composition and
characteristice, Hence it is necessary %5 oontrol thou

hydrogenation of odible oils to their physical charaocte~

ristios, rather than striotly to tho quantity of hydrogen

absorbed, In practice it is ocustomary to adjust the oon-~
. .
ditiona of hydrogenation so as to obtaln the proper

balnnoo botvoen the fornation of eaturated acids and

ieooleio acids (trane-ieomere) and then hydrogennte the

.011 tor enou@x to bring e.ll ba.tohoa to a unitorm oonsig~

‘
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tency at ordinary temperatures (70-80°F).

,Th? problgm:of hydrogenation control is lass diffioult if
more than one hydrogonated stook is blended to produce the
produot in question and if a number of oconverter batches
oan be blended in paking up.tpe lot. In the manufaoture
of some etookewit.ia almost essential to interrupt hydro-
genation at some point short of the end point and chook
the consisténcy of the oil by analysis: befoxe finishing

the batoh; v

0f the various methods that are used to ocontrol hydro-
genation are the ocongeal point and the solid fat index,
Beocause the 85114 fat index determination is time-
consuming, the ocongeal point is used along with the
refraotive index as thce control with the solid fat index

a8 the final ocontrol after hydrogenation,
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Steam-~Hydro
Caxrbon Pro=~
go88,

, PRODUQTION OF HYDROGEN GAS,

Several methods are available for producing Hydrogen Gas.
The choice of any particular method is however governed
by several cohsiderations. The most important methods
of hydrogen gas generation are by means of 3

a) .Steanm-Hydro carbon process

%) Steam-Iron process.. .

o) Eleotrolysis of water,

Tﬁis prodéés is @195 called hydro-~oarbor reforming
proooss for hydrogen manufaoture. "It is based on the
oonoept that hydro-carbons reaoct with steam to produce
ogrbon-@i-oxide.ahd hydrogen. The procdss using Propane

as hydro-oarbon has boon devoloped to produce high quality

- hydrogen required for fatty 0il hydrogenation, This pro~

ocegs envieagéé renoval of organio suiphur compounds fron
the Propane by heating the gas to TOO°F and passing the
va;oura over n'cataiyst such as Bauxite )r other metallie
oxides, The sulphur compounds are converted into hydrogen
sulfides, Bydrogen sulfide is removed by sorubbing by
alkali such as caustio soda or sodium carbonate solution.

The purified propane gos is then nixed with atean and
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passed through furnaoe tuboa oontaining a niokel o~tal;-at,
The reaotion takes plaoe at a temperature of avsut 1500°%,
_The furnaoe coneiste of one or more long alloy steel
tubes eupported vertically within refraotory walls and
heated by burners supplied With natural or manufaotured
gas, fuel odl cr some other available fuel. The reaction
. tﬁk;é ﬁl;oé hoobrding to the following equations~

. 933; + 3320 - 300 ¢+ 782
A portion of the carbon monoxide formed undexrgoes further
reaotion, whioh 18 termod as 'Water gas shift reaotion!',
Thé foilowing equation {is applibablé:

"co +.520' - C0, +H,, |

The mixture of hydrogen, carbon nonoxide and ocrbon-di-
oxide emanating from the furnace is furthur mixed with
ate;m L) 0361 it to about T00°F, The mixture is then
‘paaeed thiouéh a bed of unother<ntaly§f o In this section
90-95% of the oarbon mohoxide is converted into carbon-di-
oxide and hydrogen as ﬁor the above bquution. The gone=-
rated gasoshhro cooled to 100°F and oarbon-di-oxide is
removed by sorubbing with ethanolariine solution, Obviously
all the oarbon nmonoxides must be removed from tho hydrogen

gas bofore 1t can be used for hydrogenation of oil.,

Othoriiae oarbon monoxide 1s a strong oatalyst poison and
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even trace of this would seriously. affeot the hydrogena-
tion reaotion. Sometimes traces of oarbon monoxide are
removed by oatalytio reaction with hydrogen, forming
methane, Methane is a gaB which will not affeot the

hydrogenation reastion.

It may be noted that water-gas shift reaction, unlike

the reforming reaction, is highly exothermic. This eXo-
thermio heat ocould be used profitably to heat the inocoming
as mixture, It is estimated that approximately 2.75
gallons of propane are required to produce 1000 standard
Cft., of hydrogen. In addition, 300 Cft. of oarbot~di-

oxide is produced as by-produot,

The steam-hydroocarbon process has great flexibility for
producing hydrogen gas., The output can be comfortably
reduced without signifiocant deorease of operating
eoonomy, The process however is advantageous when
approximately 5000 Cft. of gas per hour or more is

required,
This process consiste essentially of alternate oxidation

and reduotidn of a hot' iron mass, Reduotion is acoom=-

plished by means of the hydrogen and oarbon monoxide in
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ordinary water gas, made by blowing hot ocoke wita stean,
or reformex gas made by reaoting stean with natural gas
-ox other 1light hydrocarbon: In the oxidation ayole the
ore mass is -blown with superheated steam, with the oxygen
ol the latter combining with the previously reduced ore
+and the hydrogen being set fywa,

There are many side reaotions which do not ocontribute to
the produotion of hydrogen, Considerable quantity of
impurities are produced and they must be removed before

the gas 1s rendered suitable for fatty oil hydrogenation,

Carbon monoxide is also produced in the furnace, This is
used for reducing the Ferrio Oxidg to an elemental iron,
The oarbon monoxide is convorted into ocarbon-di-oxide,
The water gas is used as reduoing agent., Sulphur compounds
- dn thie gas ocombine with iron ore in the furnace to form
iron aulfides., The iron sulfide is in turn rea&éeﬁ:hith :
. steam, produoing hydrogen sulfide and other sulphur com-
«‘pounds whioch are also carried with the hydrogen gas,
* - Sulphur oompounds arc worse catalyst poisone than ocarbon
monoxide. Therefore, the sulphur compounds must be totally

eliminated before the hydrogen gas oould be suoccessfully
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used for hydrogenation,

It may also be observed that the Iardest single item of
oxpence ‘in making stean-iron hydrogen by utilisation of
water gas {s the ocoke for the manufadture of reduoing gas,
'Thézéffibienoy of the hydrogen gas varies largely aocoxd=-
ing to the dééigﬁs of the equipment, The ratio of 1.5
volumes of water gas to produce one volume of hydrogen

is oonsidercd to be reasonably effiofent. - -

The possibility of reversible réactions during the manu-
faoture of>h§drogen b& 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 process eoconomical,

gleatgglxgig ‘?r$dd6tion of hydiogen Zas by means of oleotrolytioc dis-
of Water, .

gooiation of water is very poptlar and most dependable
process. The prinoiple consists of pasn'ng direct current
thrbugh'thé 61éo£tdlyte solution in a ‘cell!, The ourrent
serves to dissooiate the water into ligh purity hydrogen

and oxygen gases which are separatdly colleoted at the
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respeotive electrodes. The gas-im led %o low procoure
ges holdqrg and subsequently. compressed into high pres-

gure storage oylinders,

Eleotxolytioc process yields without much of diffioulty
hydrogen gas of 99.9% purity, No further purification
nteps will be necessary. In general the proocess is oone-
t;nppuq and noeds negligible supervision and dontrol.
kThe dirgot.ourrent is obtained by passing an alternate
ourrent through a rootifier, which converts the latter
ipto DC current. Pure distilled water is necesscry to
replace the diassociated water in the cells, constantly,
If the leakagq within the 08ll 1a negligible, excollent
results are obtained relating to the input of current
and the output of hydrogen gas,

When direot ourrent iz passed through water, hydrogen is
_depositod and.q1ach§rgad at tho negative elootrode( oathode)
and oxygen is deposited and diecharged at the poai=live
eleotrode (anode). Aa pure water is.a pnav conluctor of
eleotriocity, acid alkalis or salts will nave to be added
to this wator to inoreace tha ocuduotivity. In indusiry,

sodium hydroxide or potassiun hydroxide is used to ocarry
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the ourrent, \&he oonduotir&ty of the solution varies with
‘khe eonoentration and ¥emperatute and’ the most effeotivo
"solution ia’ ohoaen to give the maximum oinduoctivity at a
‘partioular aperevion tepperature of.the\e;ttery and hence
the mihdimum Vciﬁega,"The potential and ovexr voltage of

the anaaa}aaa'cafho&e effeot the'tbth* voltagy. of the cell,
These iepreeent the energy required to szoharge oxygan and
hydrogen at the positive and negative eleotrodee TOspPOe o=
tively. 'By Judioioue seleotxou of' me(a:iale of construc-

!
¢ion, thJ volt‘ga o tb¢ cell could be ‘kept % a miafmun,

3
.

o ";(
ihe thcoxetloal vol¥age required tq diesosﬁate water is
1, 25 ¥ bo\that 100% ~urrent efficienoy at %hie voltage
will nenn utilination of 78,8 KwHr of direot ourrent to
prodnoe 1boo stendard Oft. (ot hydrogen vith 530 r.tanderd
.Cu fvo of oxycnn gas, In indusérial proctice, however,

a voltage gf\2 9% ocell is. common., Thie'ﬁoeld nean ttat
Weoécoximetv7y 145 KwHr" would be roqiired to prodivce 1000
etandard "t. of hydrcgen. Muxlmum voltage tolexated 1is
2.5 per ce)l at wh!oh point the electrolyte is ueually

replaoed,
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Flowsheet For Continuous Vanaspati Manufacturing Proce:.

Capactty 5C tons/24hrs Of Vanaspatl
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TYPICAL

LAYOUT OF :

' VANASPAT!

MANUFACTURING

Capacity Surcns!hr of Venaspat
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Typical Lay-out Of Hydrogen Gas Section.

=¥
I =1
egg % v {, ri
e oo || UL

‘__:'-.zuu‘ : : abotade A3 > -‘“\ |
N Rw e B RS S il g 8 RS 8.%4q P ‘o tAAT A q}...__‘;
39950 5000
[ ———— ¢ ¢ & — - T‘
Y7 ke RECTIFIER
1 & ROOM
11 4 -—23- —
)
suu_/ { pus ean
! ! g cum5
it ] \ b
8
*
——— - -
1 | Y ——+
(3 .
R ﬂ ¢ T
oY Ur cB.
{ { e
2000

32.9%0 J

SERVOTECH) oivsiony

DRG. NO.ILOT /HGS: 83.



http:Po_7Z0X:__.62



