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_COJCLUSION AND RECOMMENDATIONS

-In. the context of'the heayy‘ahq?tage of edible.fats and

extensive prétein mal-nutrition in the country, the processing

.. of soybeans is no mere cdmmercial.aotivity; but an industry
-of national . importance.

Sor a new processing complex'of this type, 1%t is rocoommended

to locate the Project in the area in which the bsans are
grown. The freight on the Railways, assuming a haul of

500 KM, for soybeans, oil and meal.per tonne are respectively
Bs.47.8 (Tariff 67.5B), Bs.46.10 (Tariff 65) and R, 19 (Tariff
25A). Movement of meal costs only about 40% bf that of oil
or beans., The quantity of oil ob“ained is only 20% maximum
of the beana processed. Movement of beans is the most
expensive proposition.

In the first phase of operations, soybeans are to be processed
for the recovery of oil and production of edible flour and
only after meeting all the requirements of edidle flour in

the corntry should manufacture of commercial eoymeél be
permitted.

The 'Bal-Ahar' programme is said to require 12,500 M.T of
edible flour at 25% level fortification. Tha large-scale
feeding programms of pre-schocl children initiatel by t'a
Ministry of Sociel Welfare is expacted to consume an ennal
quantity of edible flov>, The rolle: flour wills in Caloutta,
Bombey and Delhi regzions arz goid to have a capacity of

2.5 lakh tonnes and could easily consume 25,000 M.T of

edible flour at 10% level fortification. Therefore, the

“ourrent requirements of edible flour in the country could be

placed at 50,000 M.T., which would be fully met and only
the balance quantity be convarted into commercial soymeal. °

(1)
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As for the oil, it 1s not recommended that it should be used
in the manufacture of refined cooking oils. The oil could

best be used in the Vanaspati Industry (vide S1,Ho.12 below).

The soybean processing complex is planned on modern lines
wvith wagon tipler, rail and truck weigh bridges, silo bulk
storage and mechanical handling equipment, preliminary
cleaning and drying of the beans before storage, full range
of modern cleaning equipment for obtaining perfectly cleaned
beans for edidle products, complete preperction, exiraction
and meal finishing equipment with auxiliaries and acceasoriés.

‘S8uch a sophisticated set-up appears to be justified for

capacities of 250 Tonnes/24 hours and above, -

" Phe compelling necessity of utilizing most modern machinexry

and technology in the processing of soybeans has to be re-
conoiled with the equally important consideration of minimising

expenditure in foreign exchange. fter matured deliberation,

the import of the folloﬁing equipmint is necessary und
recommended: -

a) Complete range of modern cleaning equipment - as is
supplied by M/s. Forsberg Inc., U.S8.A. ,

b) Hydraulic Flakers - as is supplied by M/s.iloss
Machine and Mill Supply Plant, U.S.A.

o) Extractor of 500 T/24 hre. (vide 5l.Wo.18 below).
The choice would lie betweein Crown Extractor and
French Stationary Baske¢t Eitractor. Judging from
tyo nrices furnished by both thu manufacturers, the
Crown Extrector is substratiully less expensive =~
in faoc¢ over 30,0 loszs espensive, Besides, Crown
appeaxr prima facie willing wo have the extractor
manufactured in Irdia to the extoat poasible subjeot

(11)
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I
to reasonable terms being offered. Therefsye,

L3 . PRV . .
' ‘Crown'Extraotor is recommended,. - = Lo
s A

a) Automatio Bagging and Sewing machinery for .
packing - as is supplied by M/s.Howe Riohardson’
- Scale Company, U.S.A.

LI

~ e) In the silo storage seotion, larga capaoity con-
tinuoua bean drier would have to be imported -
- ag-is supplied by M/s.A.T.Ferrel & Co., U.8.A.

A list of thb above imported machinery with prices is furnished
in Exhibit 'J'. The total Cif value for the 250/500 T plant

is estimated at $249,000 or Rs.1,800,000, which works out to
17.69% of the total machinery cost of Rs.10,170,600, ‘For an
important )ood industry, this modest investment of foreign
exchange in th4 first plant is fully juatified, especially

" beocause tne export earnings of one year's output of soymeal
" will earn over Rs.40 million in foreign exchange. If the

overseas suppliers are persuaded to manufacture their equip-
ment in India, the foreign exchange cost will be very much
lower - nearly 50%

v
The rest of the equipment oould be prooured from indigenoua

BOUIOOB.

' The total estimated Block Investment for 500, 250 & 100 T

planta is Re.27.25 million, Rs.19 million and Rs.10 million
respectively. The details were worked out for 250 T plant
and extended to 500 and 120 T plents, The 'Budgaol Foreocast!
presentea here;n carries the d4atails.

/Y
| ,
An analysis of 'the Block Investment is preaented‘én a chart,

. A glance at the chart reveals that the silo stdrage soction

(1noluding mechanical handling equipment, bean drier, ete.)
is the largest single item acoounting for 42,5%.0of the total

(444)
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block in the case of 1500 T plant, 34, 5%. 4n the case of 250 T
plant, The basic soy-plant and utilities .amount to only
28, 6% and 30, 5$ro£ the. total Ylock respectively.

The operating costs of the plant are broadly olaesified under
Pro-rata ‘charges and Pixed chargea. Detaila f the same for
all three capacities are furniehed herein. Also presented

are charts analysing the pro-rata and fixed charses for all
Jthree oapaoitiea.

The:?oanibility Po;ooaht presents operational results for all
three capaoities. The'produot recoveries are based on average
figures kindly furnished by the French 0il Mill Machinery
Company, U.8.A, The forecast is based on bean price of
B,1000/= per tonne FOR/FOL factory, M.3500/= per tonne for

the o1l and R.670/= per tonne for commercial 45% meal, The
caloulation based on which the ex-factory meal price has been
worked out is alaso furnished. ' ' IR

On the above basis, the return on total Block Investment is

estimated at 34,12%, 16.57% and 4,05% for 500, 250 & 100 T
plants, It appears that sophisticated silo storage,

‘mechanical handling and other equipment is too expensive
for 100 T plant,

When edidle defatted soy flour is produced, the operational

ploture is naturally much better because edible soy.flour

is a high priced commodity. In relation to the price at
which the Food Corporation of India is purchasing eo-oalleq‘
adiblé groundnut flour, the price of ediblc soy flour ocould
be atleast M.1,25 per Kilu. Even culoulating @ 80 Raise per
Kilo, and taking into acoount’'6% loss in weight in the moal

(1v)
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owing to. elimination of hulls, tho return on Block Investuchr
improves to 56%, 32, 36% and 16 05$ for 500, 250 & 100 T
plantﬂ .

If the prioe of ed?tble eoy flour is fixed ‘at Rs, 1,05 a Kilo
(by no heana an unreasonable figure), the ex-faotory price of
soybean oil can ‘be reduced to Re,2500/= per tonue withouvt
upsetting the profitapility of the processing complex. 4
would then be possible for the Vanagpati Divectorate of the
Minietry of Food and Agriculturu to continue regulation of
vanaspati prices at reagonable levels using indigenously
produoed goybean oil in the place of the imported oil. Thia
would mean an important measure fox price otabilisation of
an esgential article of food.

: The ohart entitled 'Return on Block Invectment'. appended

hereto presents the relation b twean capuuitiea of olant and
the return on block invoatment based on the production of

Vpdible 8oy flo%fvjnd commercial soymeal.

The4operating costs refleoted in this Report compare favourably
with the ocorresponding figures of the U.S.A, We are indebted
to the French 0il Mill Machinery Co., U. S.A., for the infomma~
tion thet based on five year averages for three typical plants,
the direot operating corts per bushel, ezcluding office and

management overhead anc ‘r.seract clianguo, are placad &=

$0.1%9, 0.182 and 0,22€ for 5fu, 300 & 200 T plants, asowdng
en annual orush of 34C days. The above iigures worxk vu’ VO
approximately 46,47 and 56,08 for 500 & 250 T capasities.

. Deducting the inturest chazxges and estab;-aannt cwste funn
the Pixed chargos presentea horein, thu figuves on sawnacsable
basls for 500 & 250 7 plunte ere Ra,37.62 enc 49.55 pax uon,

L)

‘(y)
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154 The Motk Tnvostnent getinsten presented Besely §loe ocompATE
tavouradly with sorrcspending V.8 figures, sgein kindly
furnished by tho Frencn Oil Mill Machinezy Oce, UsSike (vide
Exhibit 'A'). Acocording to thum their 500 T soybuon
processing plant will ocurrerily coot i UeSed, 1858,600 ou

. R2,6,435,000. The gost of 500 P soybuan proocsaing plant
in the Budget Forecast attached hereta is estimated at
Re,5,7¢2,800, |

6. .. 'The bes: unloading, drying, conveying and storage (2 midddon
‘bushelc or %4,500 Tons) seoticn is estimated by PFronoh
@il Mill Machinery Co., UeS.A. at $1,5 million ox
Rs.11,25G,000. Thy eorruajonding figure in the Budget Fore-
ocut for 50,000 Tons is Rey 11,597,400,

7. The total installed cost of 500 T plant, oxoclwding lang,
sorvice buildings, roads, foncc, rail/read tracks, cout of
bringing utilities to the arex, fire protéotton and taxes
is outimated by the Prench 0il Mill Mach.nery Co., UeBecde
at $3.19 million or Rs,24,4 million. On cowp..rable basis,
tho ostimate herein prn.i.nted works out %o R0.20,Y milldon,.

‘48, . A porusal of the charts and forecasts appended hareto would
indioate .that a 500 T plant is most depirable s it offers
vest returns on the Block Investment., As the coamercial
oultivation of soybeans is still in its infancy, it may be
hasardoue to go in straight for a 500 7 plant, In the
oircumstances, a 250 T plant vith in-built facility for
exp.nasion to 500 T, such en laxrger gized extraetor, mochaniocal
tronsport equipmiit, ey 18 ocunended, ‘

()



19. Some 01 the oontinuoue solvent oxtraotion plants in the
'oountry eh uld be abic to- prooose eoybeane .yith tho addition
of balenoing equipment (vide pagy,125) An their plante.
Basioally it will be advantageous for plants located in
Bombay and Caloutta regions to process eoybeene beoauses

2) eommeroiel quality meal could be exporteu con- .

‘s'.". t

: veniently from the’ reepuctivc worte. ' .

b) Evon if edible’ flour is produccs, they. oould be j
 conoumed advantageously by tiie Flour Mills loceted
* {n the respective regions, and

o) There are ‘vanaspati factories in beﬁhfﬁhe’rdgieda
' wﬁere the oil could be consumcd, T

.0, It 10 perhape not ouetomary to dilate on the "theoretiocal
aepects of proceeeirgin a Feanibility Study of this type,,
~ The provocat-on for this deviation is:

a) The firn impression carried by.visiting U.S
speoialiete that the way in’ which eoybean oil is

“bedng prosuased et preseat in the country leavoe
much to be desired.’

b) Tho markad tondoncy of sovoral entropreneurs to
' ovarloo< technologioal considorations and adopt
,dangerous gshortouts in the intoreste of mietaken

. ‘economy. v T

e) ‘As ultimately both the produote emenating ﬁ:om the
“goyboan procossing industry will bo destinod for
human consuption, -propar proceeeing etandarde are
véry importdat. -

AR R

‘-

It tho Voluminoue iaformation opmpiled within the _covers of
those valumoe sh i ewptrleat, wved du sm.ll moa.su!‘o,
to properly orient thoso 'inivolvod in proccesing . ig. idopt
ocorrect techniquos, the effort and oxponse involved will

bo Justifiod.
(vit)



BUDGET FOALCL3T

3.

4.

‘1.

(Por details vidoe Ixhibit 'H' & 'I')

."Capatity/24 hoyrs

Basic 8oy Flant
- Utilities:

¢) Powver o
d) 0il storage
e) Sundries

‘a) Silo Storege &

kMeal handling"
equiprient

b) Railway siding &
Shunter

o) deighing Equipnenf.,

rovisior for
a) Sales Tax
b) Fackiug, Forwarding

and Transportation
c) Heat Insulation
d) Brectior and con-
missioning

Civil Jorks '
a) Bilos
b; Laod & Buildings

Miscellaneous

" a) Engcineering

b) Contingencies
¢) Prounotionel ané
Admn,ixHenses

TOTAL BLOC.. LiVESTLEIT
WOKKING PUNDS
TCTAL FIILIICE

L N ]

500 _Tonnes

5,962, 800

575,000

200,000

450,000
418,000
200,000

7,802,800

4,050,000

1,200,000
376,000

oo o = wn b om0 o

13,427,800

330,000

200,000
140,000

1,000,000

18,097,600

7,800,000
3,000,000

700,000
702,200

250,000

27,250,000
50,750,000

1€,000,000

i
\

LY S Py

-

<50 nggsi
4,562,600

‘372,600
+; 1£8,000
320,000
215,000
200,000

5,795,600

2,800,000

1,200,000

376,000 '

10, 170, 600

250,000

149,400
100,000

800,000

11,470,000

3,780,000
. 2,500,000

" 800,000
530,000

,260,000

19,600,060
28,000,000
%,00C,000

L.

e ® o e

prm . oo .o .

100 Tonres

1,600,000

250,000
. 88,000
200,000
. 100,000
200,000

2,718,000

1,500,000

1,200,000
375000

8,760,000

173,700

80,000
50,000

500,000

8,593,700

1,500,000
1,200,000

300,000
308, 300

100,000 -

--..,"----

10,000,000
11,000,000

21,000,000

(vit1)
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Ospesity/24 hoyrs 500 Tomnes 250 Tonnes 199 Tonges
e B . m B
Gy Seybeszs @ RL1000 500,000 250,000 160,000
3. Foyreni sharghe 79,000 " 3,500 2,750
5, Mixed eharges a.qoo 18,000 9,500
4,  Packing eharges : e e .
onN - 159010‘0 T.5Q0 3»Q00
L
5525000 281,000; -~ - 115.&’0
Se Soybean 08l - * ' I S
. 1“ ’.“'." .tt I PR A 7“ ) - ’
@ B, 35Q0 Tt 315,000 1:’.5“ ’ 63,000
oM 1g 268,000 134,000 53,600
Y, AXNEFIT PIR DAY - 31,000 o 10,500 1,350
’ W sooveve awescew
s, T0TAL 383, 000 30;.000 291,300 291,500 116,600116,609
9% Jenefit per amnwm ' . ‘
0§ JOO working deys 9,300,000 R 5,150,000 R, 403,000
1 Retum on Bloek . . '
* Investaent : “o1" 1.‘0’1‘ 400?
RO AT INTS & JITILBIRIY % BESETS So T
® P,2,0, |

(1x)



# PRODUCT YIELDS (Courtesy: Freneh 0il Mill Machinery Cov, U4)
041 (5% Refining loss) .. . evs';-11 1bs/Bu

Meal (50% pmtun) SgdetY 44 1b8/Bu § (Bu = 60 1bs)
Hull . . '..4 © 4 1bs/Bu .
Ex-fa rice o!’ 8o bea.n Haal
Comoroig

Acoording to tho ns\u:os pudlished by the "Pubno Lodger" hndon,
tho average ruling price of Soybean Meal in London Market dur:lng
tho 24 month period ending 30-6-1970 ia £ 50,48 c.1.f.

. Or Rs,908,64
i
B
*1.' [ Ocean freight. 1837
2. WVeight difference to o
Long: ten 12
3. Insurance ' 2
4. 8uperv1uon & 1napeotioh
.+ a% destination . ‘ '3‘,.,2'.,
L R B
5. 7. O.B. expensea ST A | T
( ' [ A , ' ‘ '( ’ l\“‘c 'o,
‘* mt@t' 9‘00 Faoiory»- LIRS SR T
ta Port , - 30
- SMaras
oh 88-?24o90.
N . . . 830684064
U YA AY Sl '
_ 7: Provision for ocontingencies Rs, 14.64
Ex-factory price .. Re,670,00
- aNenNuase

[ON
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PRO-RATR® CHARGES

Capaoity/24 hys. 300 Zones 250
1,  Solvent 2500 Kgs 1500 Kgs 700 Kga
" consumption  @R.1. 2,500 @M1 1,500 O 1 700
.2, Stean 150 Tons 90 Tons 40 Tons
consumption @ B20 3,000 O M20 1,600 OM.20 800
&‘, Pover 29, 009 12,500 6,000
: consumption Kvly Kvllr KwHr
@o0,1 2,000 @ 0,1 1,250 @ 0,1 600
"’K‘ rat abo
9 Operatoxs @ 20 180 180 180
15 Assistants O 13 225 225 225 -
S. Handling om2 1,000 OR2 500 @ B2 200
é, Sundrjes 95 45 45
?g PER DAY [ XX 9.000 5.’90 2'750
§  PERTON vors 1 22 21.5
ZIXED CHARGES
0 L) Hrs 290 Tonpes 230 Tonpes 100 Tonpep
1 %E’;gg;gtggn B ] B
* on Plant & '
Machinery 1,489,780 1,150,000 659,370
5% on Bldgs &
Civil worke 617,610 375,000 170,315
2, Interest O 6% 4,680,000 2,700,000 1,260,000
'3, Maintenance 400, 000 300,000 . 200,000
4. Insurance 468,000 250,000 132,600
S, Establishmont 744,610 625,000 427,715
6. PER ANNUM 8,400, 000 5, 400,000 2,850,000
7o PER DAY 28,000 18,000 9,500
6. PER TON 56 72 95
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In the 1ntrocuotion of ooyboan into Inéian igri-
onlturo the UBAID hau playod a vory lignifioant role,

' ?htc Toonnloal Poaaibility Study for procooning

ioybonnl is ‘also oonpllod under contract from the
USAID. It is 1ntended to place et the diapolal o?
nntroprononrc all the recuired intornation for

provtding prpoo-cing ooauplexes for aoyboanl.

" A study of tiis nagnitude a-onlid: nornally talte six

‘nontbl to be compléted. Owing to a variety of

LI

roasona, it had to be compressed fnto"about three
months, Bhiould t:ere be any 1nado§uaoy or in-

cconraoy in eny part of tae abport the very short 7

tino pornittod is ah oxtonuating oironm:tanoo.

' Boyboan 18 #t411 new in India - porhapa none in the

conntry has eotnul in-plant’ oxporionoo 1in processing

this natorial Reliance hgd *or!orco to be made on

’ pnbliobod information, deta auppliod by well-kaown

?1::- ahd discussion with vioiting experts,
Prcoluaion of foreign travel 'in the terms of the

l"ilﬂlﬂﬂt wAR & Zreat’ oan&iocn indeed.
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Weny foreign and Indian-Pirms were unenthusiastic in
furniohing dotailod quotol. Tho toxnor; oonditionod
by palt cxoerionco, are pooniniltio ol buninoos
pollibilition 1: India. Tre latter, porhapo felt

thilhil noadcnio oxorcilo. Our thanks are,

‘therefore, doubly Cue to those who did co-operate,

vis. Kessrs.iero;lide Corporation, North Carolina.,

Mesars.Camsbell Incustries Inc., Des Moines,,

The Crown Iron Jorks Coapany, binneapolis,, Lessrs,

Du-Val I,F.T. Corporation, Dallas, Texas., lessrs.
4,T,Ferreil & Company, l.ichigan.,, The Forsberg Inc,,

4M1nnplot&., :e French (il lill Machinery Company,

Pigua,, liessrs .Lowe Ricuardson Soale Co.,, Clifton,

llew Jersey,, kessrs.Euntley enufacturing Comaeny,

Hew York,, Messrs.Proctor & Schwarts Ino., Fhiladel-

phia,, Messrs.Ross Machine and 4ill Supply,
Okluhonn 01ty., Ho-lro.suporior Holdinc Conpany,
Illinois,, all tron u. 8.1. and othorn.~

8EBVOTBCH also nanu!uoturo oonploto ranao of nodera

oonipnont for -olvont extraotion, vanalpatt, eto,

49 a matter ol princinle and othtqo, no reference

is nade to then ia tia ciscusesion on relative

merits of equijcent,



;80,5 Bntaronco Yo .rado names and Pirnl in this Report
’ LIRS PPN A e \Q,
.shauld. be. doenod to bo 111nltrut1vo and not oxhauntivo

ox. exolustve.

7. Layout and gener:cl arrangesent drawings should be
oconsidered as typical and illustrative only. Each
project -has to be engineered individually to suit its

Apagific. requirements anc¢ oonditions,

»«8+ . We are indebted to lr.Zarold D.“isuler, Jr,, Oilooodn
. Processizng Advisor, U3LID, for his valuable guidanoo
- ‘and unstintel co-operation which bcl been of great

. help. in concucting this 8tudy. |

9; .This Report is presented in two volumes:-

1)  Volume I contains Introduction, Basic Soybean
Procossing, Equipment for processing, Location
of Plant, Finance & Peasibility Forecasts,
Typical flowsheets, S8ite-Plan, Layouts and

#h“r‘t 8.

Volume II contains the theory and basic
Technology of nrosensing the oil and the’

monufacture of various food products.


http:ferenoe.to

ML

Oéinioio expregssad and rocounondationl nade herein

10,

11) ‘“Thil faoilitaton eaay handling ‘o2 ‘the Report

by tho users, " bile Buoinocl Exooutivol anc
Polioy Makers study Volume I, their Technical
stat? odn go through Volume II.

111). Volumo I relates to the first phauo of Boybean

v
[

procosoing in the 1nmodiato !uturo. Volune II

'deals with the subsequent phases, -

‘aro born out of honeot conviotion, free from prejudice

[

or nalioo. No offence ‘is ueant or implied towards

anyone,



1. INTRODUCTION

n the One of the primary responsibilities of a progreééive.
national economy ‘ -

State is to ensure that its oitizens are well fed,
Despite the faot that India has been a predominantly
agrioultural country, traditignalragrioultural
praotices, patterns and produce have proven to be
inadequate to provide food for the population,
ourrently placed at 550 million and increasing at an
alarming réte. The quest for a solution to this
.pressing problem has fooussed attention on Soybean,
After intensive developuent work, soybean has made
its appearance in the agricultural horizon of the

country at the turn of the decade,

Intensive Agrioultural Digtriot Programmes, high
yielding varieties of seeds, solentifio application
of fertilizer and pestioides and modern farm praotices
- eollectively referred to as 'Green Revolution' in
the country - show promise of meeting the ocalorie
requirements of the population. The problem of -
_balanced diet and malnutr;fipn of the masses still

remains to be taokled.



Soybean - one of
the best source

material for
protein,

Protein is an essential constituent of a balanced diet
and is partiocularly important for children, expecting

and lactating mothers, Protein defioienoy -during.the .

‘period of rapid growth and development is known to be
‘dlreotly related'fo high morbidity and mortality rates.

Tﬁe‘hbét dévaatatihg effect of iqadequate protein in
the dlet of infants and children is perhaps on the
Bf;id, the growth of which is rotarded during the
formative period resulting in almost irreparable

damago, Resistende to infeotion’'is also believed to

" be reduced to minimal level by protein deficienoy.

here is, thercfore, an obvious and urgent need for
£inding a suitable source material for protein which
oould be used as a supplement in conventional digts.
Obviously, low cost is an important factor. Oilseeds,
iika groundnut and ooftoneeed, contain a high percent-
qg§ of protein whioh could poasiﬁly be used for

édible purpoeee; However, afloéoxin infaeotion in the

oase of groundnut and the presence of gossypol in

the ocase of oottonseed pose probiems which have to be

satisfaotorily solved before this valuable souroce



Balaneed Amino-
Aeid Pattern.

‘material could be tapped. Soybean, which contolns
'ébaﬁiﬁdoﬁlpiotain;'présehfﬁ no-such problem in

 proceséing and should, theérefore, be the first

choice for the manutaoture of edible proteins.

Research has revealed the importance of certain

amino-acida for health ‘and well-being of humanbeings.

From this point of view, the amino-acid configuration

in Soy Protein is eminently suitable for diet

- gupplementa, :.The following aminb-aoid composition

‘of Sgy Protein: and Groundnut Protein {1lustrates the

‘points
Soybean  G.Nub
Mesl Meal
Lysine Grams/16g N 7.0 3.0
Methionine sdoe T 15 1.0
Arginine - o= "’ 7.6 11,3
Hiestidine ~do~ 2.8 2.1
Iso-Leuoine ~do=" 5.7 4.6
. Leuoine -do- 7.8 6.7
- Cystine ~do=- 1.7 1.6
Phenyl-Alanine =do= 5¢1 5.1
Theonine -do=- 4,0 2.7
Valine ‘cdo- 5.2 4.4

Trystophan. - =d0=- 143 1.0



A ety of the above table vould revesl that

. 8oybean 999%..,19'.,_9?993,*??.“-,'?9@5“ meal in 3 out

or\11,9q;n9739449‘9pum9ra#éd; “Lwéine is oconsidered
-essential for growth and goybean meal contains 130%

-morerof thie- important amino-asid than groundnut

- meal, .With regard to thg‘iqiortgnt aq%np-ag;?a‘ .
. oantaining sulphur -fMéfhionipq, Cystiﬁé';néé;;gégér
meal 1§_yell.ba;anoed.

'Apatt‘rroﬁ?thd'compositioq of amino-acids, the P,E.R,
"‘Value (Protein'Effioiency Ratio), which is a yard-
stiock used for aaaiﬁildtion of proteins taken into
~the system, soybean meal is superior with 1,85 as
againbﬁ 1f4§:of'groﬁndnut m;a;. Even the protein
tnolat;'fégéqérgﬁndnut meal 1;:said to have a P,E.R,
Value of 1,62 only, This ia-yet another important
factor in favour of soybean, - Another interesting
fact s that.while soybesn meal alone san bo fod to
animals aaﬁalbalanoed'teed, groundnut meal does not
lend 1tsé}é“%o such exclusive use, Indeed, soybean

is at present acknowledged tézbq the beat known
sourde of protein in the Vegetable Kingdom.



More oil per
aore dgspite

lower oil
gontent¥,

Notwithstanding the faot that India has been considered

to be one of the largest producers of oilseeds in the

world, and not too long ago it was exporting oileeede.

1.

aoute ehortege of edible fats hae ‘been™ evident in the

oountry during the laet deoade neoeeeitating import of

soybean, oottoneeed and eunflower oile at oonsiderable

expenditure ot foreign exohange. Widespread ocultiva-

tion of eoybean, apart from ite importanoe in meking

up protein deficiency in the diet ot the masses, can

also play a very useful role in alleviating the

shortage of fats, Though the oil content of soybean

'may be oonsidered low, about 20%. when oompared to

oonventional oilseede like groundnut, the interesting
faot emergee that more oil can be obtained per aore
with soybean then with other oileeede, thanks to the
epeotaoulerly higher yielde. Further, the raot that
eoybean could be grown all over the oountry, on hille'
and plains, even in traots where other oileeede N

oannot be grown, is very signifioent and deeerving '

attention. The eubetantial importa of soybean oil at

oonsidereble expenditure of foreign exchange oould be
eliminated by oultivation of soyheen in the country

on a large scale,



Foreign Exohangg

earner too,

Welocome alter-
nate raw

material for
processing
industries.

~

dpart from the negative aspect ot”éﬁwing foreign
exchange, soybean could'be a ﬁoei%i?e exghange
earnexr too, For some time to bomé, $+i11 processing

facilities for food produots are oreated and markes

. development work reaéhea a satisfactory stage,

defatted soy meal would have to ve exported.

Fortunately, soy meal has a ready and virtually

unlimited market overseas as it is the moat

preferred meél for feeding etuffa. Therefore, one

of fhe ihoidental advantages of extensive oultiva-

tion of soybean will be a welcome addition to the

foreign exchange earnings of the country.

Plan Porecasts highlight the inoreaaing requirements
62 vanaspati during the coming years., It is
gowerally delieved tha¢ ene of the main impedinents
éo the rapid expansion of the Vanaspati Industry is
the non-avallability of edible oils at esonomis

yrloel. Large scale oultivation of soybean holds

promige of meeting the requirements of the seocond

largest food prooeés;ng industry of the country at

reasonable prices, The Vanaspati Industry has been



-using and appreciating soybean 911 for the last fow V
.4,

»-- >'

years, . It 19, therafore, in.a poaition to abaorb a11~*
atelaAaLs
the. soybean oil that may. be produced in the oountry

in the foreseeable future.

There has been a rapid develophént of the Solvent
Extraotion Industry in the last deoade. For a
variety of reasons, substantial part of the ocapaoity
of this Industry is ea;d to be uqutiliaed. Tho
availability of soybeans in quantity in the ocoming
years wouid indeed be a bébn to the Solvent Extraoction
Industry, as it would enable not only tﬁe full
utilisation of existing oapacityrbut:justify its
rapid expansion,

It would bo evident from the foregoing #hat the
golden bean of éhe contury has indeed a very important
"role-to play in the coming years. It is not in-
conoeivable that soybeans may overshadov. in oourse
.of time, all other oileeeds in the oountry, as it has

_done elsewhere in the world,

11



Arveas where I+ 1s expooted: that during ‘the next Kharif season
Soybeang e e
are grown, about 1,50,000 acres will be- brought- undexr soybeon

ofop, the’ Sta¥ewise distribution being'as followss-

Uttar Prahésﬁ' : 760,00b abieﬁ
Madhya Pradesh 20,000 "
Gujarat 20,000 *
| Maharashtra "§5.000
‘Punjab 10,000 ° "
Other States 25,000 "
 motal ' ;:53:553" "

~Assuming-even a modest yield .of 6 quintals, the
total production will be of the ordexr of 90,000-
metrio ténnée, which is expected to. inorease in

:1971 to 3.2 lakh tonnes,

. Boybean--cultivation is at present prevalent ins

. Nainital, Kanpur, Varanasi and Hardoi
regions of Uttar Pradesh, o

Jabalpur and Indore regions of Madhya Pradesh.
Junagadh and Navsari reglons of Gujarat. ‘

Anraoti and Poona raegions of Maharashtra,

12



Ganganagar arec of ARojesthan,

Bengaloro and Uhcrwer rogioans of lysore.
Coimbatore rogion of Temil lladu, .

_ Pusa region oi 3iber, |
Cuttack region of Orissa, and

Kalyani regicn of Jest Benmgal..

ipart fron soyboan ocultivation on tho pleins, it 1o
also bheing grovm on the llorthern Zills:
Majherarcnd Alnoré in Uttar Pradech,
Magroti and Jolan in dimachal Fredesh.

Xalinpong in dest Lengel.

Also Zctrain, Palanpur, Keegra, Eavalbaugh,

Pouri, Garhwal and Romgerh.

13



.Rotary 'Ghani ! ?

REVIEW OF OILSEED PROCESSING
IN INDIA,

One of the earliest attempts at organised odlseed

processing is the rotary 'Ghani! which is, in
pqinoiple, a simple Qortariand-pabtle arrangement.
In the initial stages, the pestle was rotated by a
pair: of bullocks; subsequently the bullocks gave

way to andeotric motor. By virtue of simplicity

'in design and maintenance, the-'ghani' is very

well suited for decentralised and self-contained

village economy. 4s processing conditions are

mild, the quality of oil and oake produced is

very good, However, from the oil recovery point
of view, this arrangement is very ineffiocient as
the residual oil content in the cake is 15% or
more, - In days of yore and plenty, this might
have not mattered, but in the context of present-
day shortages it matters a lot, The rotary
Yghani' is still very much in vogue especially
for the orushing of mustard seed in the North and
oopra in the South, It is still believed by the
Industry that the element of pungenoy in mustard
oil which is very important in its marketing, is-

14



Screw Presscs

Seed Cleaning

‘more pronounced in tao oil obtained fro= tie

‘ghani’ than in tho oxmoller. In tho cace of

~ copra, where c vory light colour-is of prinme

frsortence, the rotery 'ghoni' e etill in vogue,
Jowever, tho 'gheni' is slowly but surcly is boving

out in feovour of the expeller.

The expeller hcs boen more o22icient from the poiat

of view of o0il recovery e tho rosiducl oil iofd

in the ceke is ebout 6 to 7%, 3ver to this day
thore cro meay wko Scliove oil zilling is orly &
nattor cf expollers., The aoceaoery seed preparation,
vhioh is corsidered c pust from the s0int of viow of
modern taechnalogy, io ebesent in the vast majority

of mills,

Thoutirsﬁ step iz procoseing ohéuld nocosecrily ve

propéiiéléanihg of tie seed to rid it of oll
'foroisn-nattor.'.A':aanotic soperator io eocential

to trep trcap iron o rrovent demage to cootly

oquiport. '9wigo, locves, dirt, ote. are dio-

‘oarded by & combinatioz of vidreting sorcons and

agpirating dovices. The importance of proper .

18



geed.cleaning fox. achieving purity of produots,
especially when they are dpptipqd for edible use

cannot be overomphasieed.

Importance of If one should study the literature gupplied by
cooking the .
geed. world-renowned speoialists in oil milling like

Krupps of Germany, Rosedown of U.K., or Frenoh 0il
Mill Company of U.S.A., the importance of proper
‘cooking of the seed before expelling is emphasised,
The reasons are not far to seekj cooking serves

several funotions::

1, It ruptures the oil cells and oreates condi-
tions in whioh.the.oil can ooze out easily

with minimum pressure,

2 it iﬁoreauoe the fluidity of the 011*$y*an~*f
inorease in temperature. | .
3, I% coagulates or granulates the protein
aleurone grains, This facilitates separa~
" %ion of the oil from the proteinaceous and

other materials.

16



4.

5.
6.

7.

It 'preoipitatea' phosphatides and produoes
oil of lower refining loas.

It destroys moulds and baoteria.

Additionally for cottonseed, it detoxifies
free 3ossypol by oonverting it to the 'bound’

fom.

It ‘{hactivates enzyme systems which have
adverse effeocts on the quality of oil and
meal; oapeoially important for improperly

otored seed.

In our own country the effeot of controlled cooking

was carefully studied in the oil Technologista'

Research Inétitute, Anantapur, and the results of

pilot plant studies were pudblished in the Indian

0ilseeds Journal, Vol.8, No.l, 1964 by Messrs.

Kutumba Reo, 8.D.Thirumal Rao, M.Allah Baksh and

K.B,Murti. They have established that:

1, Too low moisture in the seed makes it brittle

and 'tacky', not conducive to develop pressure

in the expeller. Large amounts of 'fineas’

17



pass into the oil and the ylield of filter
mud is highest. The colour of the oil is

also darkest,

.2, On the other hand, where there is excessive
moisture, there is slippage or 'orawling'
in the expeller and the orushing time per
ton of seed is highest. Choking in the feed
end due to premature release of oil was also

noticed.

3, When oooking temperature was too low, more
sediment was found in the oil.

4. With high temperature, the oil turned dark.

5, Optimun conditions for best results ares
Cooking foxr about 15 minutes at 100/105°C
wifﬁ initial moisture oontent‘beforo cooking
of 6-8% and final moisture content of 4-5%

before entering the expeller.

011 millers would do vell to consider these faots.

28



Cracking the

geed

- There is genoral inpreosion that' tho onmcll:
‘tompering worm attached to the oxpeller is acdo-
‘quate for cooking; this is by no moans tiao caoe,

« It' will be well nigh inpossible to rogulate tlae,

tonperature and timo o2 cooking cud the moisture
content within the prescribed limits. Sesides,

wvith o large nunbor of oxpellers, it will bo un-

.realistic to bo &dle to control cooking at all

the oxpellers simultancously. 4 centrel Coclior-
Conditioner for the toicl tonnage iavolved io

the bast oolution,

 #ith the secd in taoct, propor coolking and noisture

control would be very cifficult, Crecliag the
pead into suell bits bofcre cooking groatly
fccilitates operationo. Crecking tho seed also
gerves to irecrease remorkobly the toancge that
an ozxpallor cca hendle. The oxpellor ooge hes

a certain volume; much core crecked seed ocn be

| accoznodeted in o given volume than the full seed

itool2, It Seo boon deuoastrcted that the
thropghput of sn oil mill ocan be inoreased by

over 50% by provor orackirg anc coolting clone,

19



Disposcl ‘of . The oxlaimorginc from .the expeller dontains some
222%2' 'nuepdn&od'aolidnnderived fronuth; original seed,
In oonventionzl oil mills, thio oil is settled in
soveral underiround tanks before it is Iiltored.

Thie arrongemont is tochnically undesirebio Deccuoes

1, Prolonzed contact botween tiae 'foots' and
the oil reoults in inoresse in F,F.s, and

doterioration in tio colovr o2 tae oil,

2. Periocicnl removal of the sottled sluigo
is nocessary whica requires shut-cdown of

the oil mill anéd loss of procuction.

‘3.  The scounuleted sludge oannot bo fed baock: .
to tho oxpellors all atonce as it will
upset the oporastion of the expellors owing -

to its oliny nature,

4, Vhen the oged sludgoe is faol back to the
oxpellers, it impeirs the cuolity of the
oil ané ocke cad recuces the officiency

~of the expollors.

8. A lot of nonusl operations aro imvolved,



1lv

. g_.‘”;;Al’_,“;tM,l: n?k’,% 3}!0 Prﬂif.‘.c neosy end
b dirty.

T, ﬁotﬂinfréqubntly rato, octo, dogs, eto,,
' 'f4nd thoir way into the snderground tanl
‘resulting in contamination of t:e edible

- ‘prodno‘ - fron the hygionic poirt ol view,

" the orrangement is intolorablo,

'8, Therc io unnecessary looo of oil in the
possy hendling opercilons and through
{=visiblo seapage threugh the nasonry
_taonks,

In modern oil nl}ln,.t;o wicowgrousl teako are
totally eliuisatod ond the susporced soiids in the
oil are continuously seperated by rotery or
vibrotioa ocrecns and the recovered solids

returned immedictely to $he ex>cllers,

041 nilling technigucs referrad to ovpza are
besed on mechariocl oxpulsion of oil fres the

porent seod. Tho conditions of temperature and



‘5?%%%&?@‘Giiiﬁiﬁé"{ﬁ’iaé‘.kp.rier ore ouch as to
impair the voluable srotein content in the screw
‘p;gnng:cggg.::Nggiﬁqtrgggpnﬁ%y tho colour of the
~oil, is alsg cffected, o notable oxanple being
sodtonnced oil, hereas in the fcgra gone by
,otl~v60.qopsi€orod tae nq}n product cnd tao cil-
cake.a;subsiliary procuct, the timo us come vaen
tho protein-rich oilcalte okoulé to considored

otloant as inportant o8 tio oil iiscelf,

‘The ‘advert ofxﬁolvbnf“ﬁxtfaotion has usheraed in
& new erc in oil =illing ell over the world.
Unlike oaylier processing techniques which
.dgpondeé o= drute foree in tao recovery of oil
‘fxou tho good, in the extraction process the ol
10 dirsolvod in a solvont cnd Fecovered from the
”faiogt netoriel. Conditiond of processing are
rei;ﬂiéeiﬁ 9112 and congonial ‘%o obtﬁininz

qucl ity productg., The residual oil aftor‘

oxtrootion ocs ti Browsad domn to ae low od. holf:

l~..u

- .-—.-..M



;§£S$iﬁﬁérﬁ trand in cdvencod countries of tho
3vor1d is. to hovo an oil mill end an. o:traotion
_plont undor one roof. Willing conditions with~£3
sorew ﬁreoqol are so resulcted pbq& pre~prossed
coke of 16-20% o4l content ia obtainos, Under
thooo conditions, tbere io no dmmage done oither
to tha zrotein or to tho oil. The resulting
pro-nrooooc o-'o, aftar ovitatio preparation,
{9 immeiintely ¢ coxtinuously proccsoced in o
solvent oxtraotion plant to rocover the loat
traces of oil, It ie high timo that such an
approach to the proceseing ol oilseeds ia
_cdopted in thio country ea woll in ordor to
obtodn best results axl ériap qualtt} producto,

' f
.Boybeons vhioch contain evout 20% o011 could bo
. pre-pressed vith 80rev pru®ooo aau nolvont
extracted thores: tor, but the Setior course is to
hondle the boazs i;:o?tly iz tho solvoat oxtreo-
tion ple=t, This gzrocccure 15';}§oot
universslly adoptol dn cll aév;§ooc couitrien

0% t.e world,
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~ BL3IC SOY32LN PROCISBING.

Qutline of “Processing of soybeans for the recovery of oil and
the Process. = = . . _ . o
mamifacture of commercial quality defatted meal
involves the following basio sections s
' Pfépéréfion i
Extraction
Desolventisation of haro

Finishing of Meal

Evaporation of Miscella
" and

‘Redovery of ‘Solvent.

;@he‘beana,ﬁuhen received at the factory, have to be
"separated from all foreign matterj ferrous impurities
are separated by magnetioc separators while dirt, trash,
eto., are eliminated by cleaning equipment. The
cleaned beans are oracked, during which operation the
hulls separate and are recovered pneumatiocally, The
'beans are conditioned and flaked before being delivered

"to the extractor.

In the extractor, the flaked materiml is treated with

24



ablv;htiind,‘d¥§thcaond,b£fth§;g;traotion process, wet

maro and miscella are obtained,

The wet marc is desolventised in a Desolventiser-
Toaster after which the meal is cfound to size,
cooled and packed 1n§o bags. | '

The miscella obtained from the extraction section is
evaporated foxr separation of oil and aolvﬁnt. The oil
is finally stripped of all solvent, cooled and delivered

to storage.

Solvent vapours from the'intire plant are recovered in
water-cooled condensors, The condensate ia a mixture
of solvent and water, which are geparated in a water-
solvent separator. The solvent is returned to storage
_ vhile th; water is finally stripped of all trdé;lfpf;?f
_solvent in a flasher before it is allond to leave the
plant. The uncondensed gasos may still contain some
solvont and this is reocovered in a aigéial reoovery
oystgq. The solvont-fgee air is ;d;é;a-into the

atmosphere,



% CLANTNG & PRS2LTATION OF 80?3;4”5.

In moct srocessia; incduotries, sroper areparction o2 the
raw natericl is & vory importeat reguiremeat inZluencing
e Qurity of finiched ?rdduﬁfsfbﬁfhibdd‘a:d the e22i-

.oioscﬁ &nd eooaouy‘of.operétioﬁd. deboan'prooenning is

no excention to t:is general principle.

Qoiﬁc ai ggricnitural srocuce, the beans tact srrive &t

t:o pioéenoidc 2cotory is likely to coatsia foreign aatter
ngoh ﬁo ieavan, twigu, duot;.éto:eo, ﬁailc, oto, T:ese
foreipgn reterislo :tve to be eliminctod elore tie reguler
srocossia; oterts; otaerwise exnensive ecuipnaat ie lieblo
to'bo da=ezed o:o the nurity of the finisded nrocucts

inpeired,

Cleanias of ZeZore entering the’clounia;'equipment, the beans are

Soyboens. .
pasced ovor a ncgnotic sepcrator which elininates tramp
iron waioca a8y Lo p:anentiin tio stoolz, lagnetic osepa~
rators nay eanloy oi ther ner-eaant —cgaets or electro
gngnotl; Drua't7pé elaectro .acgnets appeer to be nrefer-
able bacsuse the iron motericls wiich ney be errested
aro sutonctioclly disckorped into & bin provided lecving

the poroaze for the aoterial fruve, In tho ocse of

26



pexmenent nmagaoets, the impurity gets attacloed to the
pacnet and roguiraes externel agency for its removal,
Besides, when.a lot of iopurities accunulate on the our-
Znoe ;f the ncgnet, it dooo obotruct tie flow of matorial,
Tae atrength of tho megnotfe 2ield is genarslly nmuch
highor with eloetro nagneto and, theroforo, separatioh

02 tremp iron io nore effootive,

Cogplete A.nddérn nraotice in tie U,J,A, achieves porfectly
gloeaning :
for odible cleaned soocds by ammloying & 4-otage cloaning equipment,

Brodnote, each 62 the stages porforning o opscific funotion, Tho
firat otsge, gonerally !:mown €8 'Pnounctie Scalping! is
intended to ronmove light impuritios such as trash, cust,
cheff, losvas, otrav and pods. Tae air~-wachod product,
whick iacidoninlly io thoroughly aereted, pascsoo on to
tho oooond.otago. Tae oquinaont for tho ‘socond stege is
6ouoatially & systor of vibrating gsoreens; ‘the boaas
peos throuzh the porforations o2 the top soroon while
larger inpurition paos over cnd sre eliminztod, On the
lovor coreen tho sorforationa tro too onall for the bi&no
to pass throug: but finor particles of foreipn sattor ﬁot

“tharougk ead ere discarded, The bocas roll dowa the lower

¢ook enl ot tho inolarge point eneountor a curxeat of air
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ﬁhiohv;ifta licht iopuritios. ..Tae aepiration arrenganaat
will alseo 1i2t, inforior quality boens which will be

lightor in weight..

Deotonor., . _fhe taird octage io the Deotoner, tha purpoce ol waich is
‘to romova all stonos, matal, glaoco and othor foreign
netericlo that nay hanpon to bo presont.ia the stool.

Thais is ochievod by allowing the natorial to nass down

en. inolined vibrating coreon and a.gurront of air is nade

to pose tiroug: tho sorcon by means of vacuun. The eir
flof is ocid to Lold tho motoriel in 'otretifiod flototion!.
Toavior matoriclo ouch as stopes, glacs, ote., travel up

3o seroon ond oro eliminated, Tia product itsolf flows
dovn the soroon ond =t the dioohcrdp ond o2 tho deck tho
botton portion ol t:o bod consiots of gravity pure finichod
product vhilo tho top portion ;ontaino the lightor impuri-

ties 2or Zurther purification,

Gravity Tho top motericl rolorrsd to in o srocoding peregraph is
soparator.
‘rocoivod on & gravity pepsrctor, whioa is thoe last otago
02 tho oorios, Tho nurposo of tha gravity oedarctor ie
_to.0lininato foroiga matoriels wilech cro of tho seno nize

‘oo, ta0 doono,. tiu saperstion being achioved by teking
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Abrideod
cloaning

for copmey-
oial noal.

PREPLSATION
OF BGALIS:

Crael:ings,

[}

advantego of the differoace in specific gravity.

The foregoing 4-ctago cleaning proceos yields a norfeotly
clecnod product w-ich is for ultimate ediblo use, Juch

olaborate oloaning noy not be necossary for ocommercial

cuality soymecl. It is ouotomary to use & single olean-

ing necohine with vibrating oorceas end agpirction arrange-

aoent Jor cleaning boans dootined for tho —anulooture of

connércialiquality nesl, It is ocaid to bo tae nreotico

in tho U,8.A4. t:ct t=e natoriale rocsvorad during the
various stegos of Qleanina, oxocopt 2or notallie inpurities
and storos, re grouad ead added baock to the connercial

quelity dofatted mosl, in ordor to minimise weight loss.,

The clcancd boano havo'to be oraoked aporoxinately to 8
piooon'Sy craoing rachinos thoh aié enpentially ocorru-
gated rollor nillo oporating et di?ferenticl opeeda;
During tie orackirn; oporstioz, tho busk adhoring the bean
10 looaoacd., Tau oixturo of beens and hulls can be used
ao onoh.vithout soparation whoa t:o end-product dosoired

10 coxsorcinl ou.lity 44% noal, Iowever nmoot processors

profor bfoad dopnrotioh 02 tho hulls from the oracked
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Conditioninz.

_ Ileking.

beans before tho conditioning and fleking steps. In such

an event, the hullﬁ waioh aroe uéﬁafafed ere oither gronnd,

.tonotod and added beols to the dofattod izsel in the finioh-

ing aootion or are fed baok to the nain strean’ aftor the

fleal:ing operation,

Wﬁcn h;ch nrotein 50% necl 18 a;sired or wien the end-
produot ic uoed Zor huctn ooﬁsﬁﬁptioa; geparction of the
hulls fron the beanso is ocsontiél. A 'Pneunatic Jcalper!
(referred to above) io gerertlly adecuste Zor seperztion
of hulls for high protein 80% neal, TFor edible >roduocts,
hovever, thé cir-vanied baain are :iadled on grevity

separator for the eliminction o2 lest treces ol Lulls,

Te orzclkeld beans need to ba conditioned before they &re
21aked, ‘ihe conditionin: sten ie inteaded to soften and
plaotiocioe t:e pcterial waich io acaieved by increasing

tio noioture conteat to cthout 11% at & temdercture of

70 to 80°C,

~Tbo co:dittoao¢ beans sre passed tarouclh a Fleking

nnohino, wkace nurpoco is to flittoﬁ out the naterial

into t in 2ad ooaoront ’10200 a.out 0.009 0?2 an inoh
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thiok, ':The ¢1akes cre.then Hassed on the Extractor for

tho.ryeovory of oil. Tho flake thiokness Las & great

.. Lo

ii!lﬁopoo on the suboecuent eitraotion oporation as would

be evident from the following table:

If%eet of Tlake Thiol’ness on tie Rate
of Ixtraction by Hoxane. #*

1, Zxtraction time in
niautes to o 1%
reoidual oil content:

Plake thiclkness (inches) 0,000 0,014
Tine o2 extraction(ninutes)s 12

2, 2eoiducl oil content(%)
aZter verious tinmes o2
extraction:

Plake t:icizaeon(inches) 0,000 0,014

% Desidual oil '
5 ninutes ext, 1% 2.5%

10 niautes ext. 0.38 1
20 ainutes ext, 0.2 0.8

0,017
28

0,022
70

0.022

12%
3.5
2,5

Looking at the above table, five tines as long & period

is recuired to. extract tae flakea to & resicual oil econtent

o2 iﬁ vion tie flake thicknoos is roucaly coubled ¢

0.000 inchesn to C,017 inciose,

* (i1,7,P01240, Proceedinze of the L1l India
Jorxizgiop Conferexce on IFrocescing, Uti-
licetion c=d lisrketiaz of Joybeéns,
Octobar 7/9, 1089).
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Loaching.

‘Dolyent extraction, ac ensliod to the 0il Incuotry, is

concerncd v{th the separetion of the licuid componant
(011) held by o olid {oil “ocring material) by trostcont
with en inciseible solvent inm waic: the licuid commonent
is ooludle, The oxiraction pfooeno Sﬁgioclly involves two
oporetiono: (o) »ringing the solveat and the oil besring
noterisl iato iatimato contact cad (b) seperstion o2 the

rooulting pheoas,

3aoically tho nrocoss o2 extraotion io & combination of
loscaing 8ad woshing, Lesc:ing refers to tae diZucion
of -the oil tirough %:e licuid 2illed on tie solid surfece

02 the mctericl under extractioa, Prodiotion of tiae rote

0of looching ic comnlicated by tie Zaot tact tho intor-

faoial orea door;neon es loaoling nroceeds. Tae najor
roeiotanco %o the dif2usion of oil to tie oolvent occurs
within tio flalzes, Oslourne cad Iatz oboarvod t:at "the
asjor obatcole to extraotion ie ﬁrobnbly-diffuoion through
ého_coll valls and thct the initiel rapid extraction ie to
%o attributed to coll detruotion." Conoequontly the eize

o} tho 2120 or portioloo'progareé Zor oxtreotion nleoys a



Washing,.

key role in the rate of extraction. The rate of simplo
diffudioh‘is directly proportidAalﬂtémthe extraction
temperature. It is obyious that as the temperature
rises, the visoosities of“sglventwintoil are lower
reaulting in xapid rate of extraotion. In ocommexrocial
praotices, it has been found that a distinot relation
between the partiole size and the rate of extraotion
exists and Coates & Wingert propose the following
formuias

T = KD°

where T = Time to reduce material to a resi-
dual oil content of 1% :

D = Flake thickness or grit diameter
K. 1 = Constants,

The relationship on log-log soale befween T7&D 4is a
straight line with a ‘slope equal %o "nt,

The oconstant 'K' is a measure of ease of extraotion,
whereas the exponent 'n' is an in&1oation of thé. g
influence of flake thickness upon the extraotion rate.
Inoidentally -1t may ‘be of intereat %o know that the

average value of 'n' for aoybeane 19 between 2.3 and 2.5.

Washing is the piooesa ot'removdl of the solute already

{n. solution in-a liquid held mechanically by & porous

-g0lid, in this ouoe'tho‘material.under extraotion.,

33



loioture.

aidue

_The desic: equédion io- tze Zoult's: Dictridution Lews

y -. L'x

wiere. y w oil concentratioa in tie micoelle

phiaoe

x w oil conceatreiion in tle oil-
vecring =staricl shese

2 w diptribution co-3l’icisat

_ﬁor 200t syctens, lovever, X) varies coasiderably with

coacentration 02 oil ia iie mcterisl uncer nrocess, end

t:e ralation oaz arrily te onlled a 'Lew!,

Fagg and Co~vorlzers Zounc. tict “igher tie noisture
coatent o? t:-o anferinl uader urocess, t:e lover t:e rate
o extraotion, Ia tact, tie rate of extractioa dropred
dow= iz az slmoot oxponontial.!orn.

During t:e exaainstioz of ths atruotural configuration of
the odl-besring =tleritlo it was obmerved i:t the rote

0f extraction ”ell cisenly =o tie originsl oil coanteat ia

the oil-vearias mntoricl veni down. IlarnoZely and Co-

worizers hiva cdvtzool tle hynotiesio t:nt tae slow linel
extreotioz rate ocould 3o t-e rassult o2 decresnsed-.solubl-

lity o2 423 lcot yortioas o tie oil, In otier words,

the lcot portione 02 t:e oil beiag srepoxlerant in Zlhos~
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0 00D~
piderations.

phatides, it io posoible tazt tie aépcro:t rate 02 ex~

traoction of the oil comes cowa,. -

it vﬁd 2ound that et ﬁho'lovor v:luoltbf tﬁé 2raction o?f
thae totel oil unoxtraoted ot the ond 02 & 'acxrtiouler tino
neriod, there is a linotr ro.ationania botwoon the tine

hours ond the logritinic velue of the unextrected frac-

"tion of the oil, 2iley, Jo7ever, emphasices taet this

eletioachip i valie only iz 21l Zlckes ieving the same

wiiforn thickness. Obviéuoly such & eituction does not

1

‘prevail ia sreoticsl worleia: concitions tad scoue devia-

tions ore Sound to ocour.

Tﬁo two iorte nt ouootioao ahich arise whon coacidering
4 :
aolvont extraction ere:

e) ‘met 1o the cu a..xtity 0? on t....t san bo
oxtreoted? and

b) Cow fast cex t:e oil be axtraoted?
The 2irst cuestion is con-ected with the equilibrima or

the wea:ability aonpeot, The percnoiers, wiick deternine

',t:o rote ot wilc: the ecuilibriua io odteinad between

the niscellc ouloife t:e seeC sirticles sad <ie niscelle
vitain are:

1. &0 fatrinsie onvao.ty 2or Ci2fucioca o2 solveat
aad oil.



dingle
Contact

Srtrcotion.

2. tue viscositiesro? :1s:two
3, %o oize oad shoje o2 the oil~bstring zerticles

4,  tae internal otruoture oﬁ tae oil-bocrine
. material :

b, tae concitioas of tenperature, sad.

3, the moibture level,

Tho oimnleut Zorn o2 sxtraction io tias single contaoct

overetion in w:io: the solvent ond ofl aearinﬂ sateriel

'cra broac~t together’ ’or e aiable betol extrection. The

oil io tra*noorrod 2ron t*e 80lid phaoce to tie licuic

phepe aad tie oconsexntrationo ia the two pacses epnaroceoa
scuilibriun eveatuclly, Tka Saount o2 oil extrootal io
dotoruinod oy tae acount o? solvext ennloyecd, t-e nariod

of contAot, we eouilisriu: rolation Jor ta cycton end

the exteat to wiich 1t ia vo0osible to &poroech oguilibrium.:
Zowvever, the Zinel niocelle znc tae mare in o cingle
oo:taoi Sjarétion a:e:oouenticlly in ecuilibriun with

0002 o4xas exd tha cmouat o2 oil extroctsd wid: a ¢given

aount of solvent io Cafinitely linitol, 722 e22ioionoy

“pamitted 3 the ob"ili oriun involved isusually poor ead

heaoo ‘tig V3 o2 operction oea herdly bva o:ployad on

on indactrial goale,



lultinle

Coatao§
traotion.

azirioetios

.goggteg
gg;reat
ggqratiog.

t 0
Bxtraction.

Apprvious irnsrovenent over 3iagle Sontact Bxtrection is
{ze .aultiple contcet extrection using 2resh solveat in
each ocontect. The reductioa o2 oil corteat in the oil
besriag naterial‘nay theoretioaily be improved to tho
éonired~oxt;nt by ing:onoinc 40 auaber ol contasts or
stegas ol extreotion, It ~sy be geen tact tae concen-
tr&tiop o? niccelle ia loier steges is lov, Consacuently
this nethod of ozerction is unecononical as the 3olvon§
to =oterisl retio io aigk, Coaveationsl betch tyve

nlaats in t2e country follow t:is tyne of operstion,

e =oxt logioel dovelopnant heo beoa to operate &

aanler of betes oxtraotors in oeries as & battery. In
thio oyoton {20 oil dasring =aeterial to be treated

entors taa Zirct zono wiile 811 the fresh solveat ontors
the last zozé. iMilo tha moieriel itself is stationary,
40 ?low of polvernt is ocountor ocurrent and 2ll the
nolveat nesoes tiroush esolk otogo axd tie overall offi~
olonoy Zor = given smowat ol golvens snd %he nunber of
otz-oe is a3yroeiebly dotlor taea tae oarlior attonpte at

golvent extrcotion.

Dosetis2ectioz with dincoatinueno opercting teciniques

rasulted in tho dovalopneat o2 coantinuous counter carrort
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extraction, Theoratically naxinum exirqotio: affioignoyA

1; écﬁiovéd 18 1t ﬁere poooibie to obta#n inticcte con- - -

tact batween tie phsses in en azparatus ia whioh tgo -
" dolvent and the oil becring meterial o peoded coatiau-

ouely ia ovposite directions.

Subnorped Thio keo deon oitexpted in verious weys in the cerlier
axtrection
- {180~ . continuoug extreotors, osuc: &8 Jildedrraendt 'U' Tube type

brcadt Ex- , ,

tractor, Toror .ixtrcotor. In oue: motiod o2 oparttion sovoral
nractical dif2iecultiss 7aro onsountered. Firotly, the
preparatioi'oz the raw ncioerizl Hacomos eriticcl Zor
ac:ioving good rasulto, Socondly, tie solveat-nctorial
retio runs aigh, Thirdlj, tho metericl orumbloo to 'finaes!
rooulting ia 2roblens o2 senarstion of the %ﬁo phasea,
Fiaelly, various eagineerinz dilficulties were also
enoountered, Hozce t:is oyatem of 'Subnerged oxtraction'

wes gradully discardod in favour of 'Peroolation'! type of

oxtraction,

Qorcoletion Ecasanu:le, ualiza tha oarlior tyno of extractors, coes
Jxtraction =

Vortiial not inm=orao tis oilsaod 2lales in .the solveant, but

oeoat trae-

aeaoanuiilo oxtracts by tio percolstion o2 oolveat tirough tae soed

Froaon veilo tioy ero :2ld in 8 serias o2 dasicote with pofforatod
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Percolation

—xtrection -
“orizontel
tyne = .
nxai

bottons, The ttslkets are sarported Dy encless chain
within & gas tight louoinz., The flow of solvant/niccella
is co~current in tie desceadin; side and counter current

in tho cscending side.

The drinoipal advantage o2 basl:et tyne extractor is that
it yields clean miocells =7ith mini:un coatent of 'fines!
because there is no nscianical disturbance to the uaterial
under nrocess during the extraction peried ond the desoend~
ing baoZets 2orm an effective series o2 filter beds. Its
piinoipal cisadventcges aret
a) Distinct posoibilities of channelling of

gsolvent Zlov through the ncterial with the

attendant rini: o2 nart of the naterial

peasing unextracted,
b) Wit: some type of noteriels, a tendenoy to

pacl: in tae basiet end becone relatively

iavervious to nercolation is noticed.
o) Should tie nerforctel bottom of any basZet

becone clozged, tie oolvent/miscella being

waable to naos *hrough, over2lows into the

outer oontainsr zad the lower bes-ets nmay

esoape contact wita solvent/niscella,
De Onet' of Antwerp, 3elpiun, pioneered tae horicontal
Jxtractor with a single articulated band conveyor., Tae
naterial under process is itself otatie, but the moving

bend expogces tie nnterial to & gseries of oxﬁraotion



stages. The flow of solvent is continuous and fully
"oouhter currént. In each extraction stage solvent/
miﬁcella is uniformly distributed over the bed by a
combination of an atomiser and sbray breaker., Adequate
time for drainage of solvent/miscella is provided in
ﬁétween the extraotion stages. Clean miscella is
ob#gined as the 'fines' are retained on the top of the

bed which itself acts as a filtering mediunm,

This type of extractor has certain obvious advantages.
Firstly, the rate of oirculation of misocella could be
varied at will at each extraction stage independent of

the other stagag. In other words, maximum rate of oir-
oulation permitted by the percolation through the bed can
be maintained at every stage, Secondly, the total through-
put'of solvent through the extractor is'in@ependent of

the rate of ciroulation of miscella in different stages.
Thirdly, ohannelling effeot is minimised by fixed rakes

or ploughs which prevent the 'fines' settling on top os
the bed from interfering with percolation., Fourthly, the
moving band is kept clean by mechaniocal brushing and
reverse rinsing provisions in the extractor., Fifthly, the
facility of regulating at will the height of the bed

40



ang 4.3 9790¢ 02 &2 noving bend zares it vosuiole o

sgadove lexibility in oparation,

Tailo Se et rtrastor is unfouhielly & distinet
inyro7e=eat o7rr ite ecrlier cziructors, it is 2ot
without {ts owa iicadroaisrea, In nrmoticel onoriiion
1fi=en! Co 3t into oo nigee 1o tarouch interctices
batueea to2 wacianpuics olexeats of the Lan? coaveyor,
Ti0 td:s resuirel lor extrictiioz is relatively aisk -'2
49 2 ours, Toe aztreotor {c bullty aad occuries a‘lot:o!
o2~3e or & given tonzege - e gariouc eigudviatee lor |
lerzor coaeeitise, Ia 2sot, & aingio ‘sztrcctor can
mepile oaly tisut 250 Tonzes o? soybean/": xcura ead for
‘hiakdf can—oitios multipls uaits cre nacecsa~ry while

' otl.ax tr31c o7 oxémiotors oo handloe ;500/2003 Yoznoe pax

sio00.

Tarcdo” Veot Gorasay haed> <1so 8wltolod ovar to o
torisontel {yps extractor in receat yoxrs, 3ut, they
Liva 4o noviap bands ead 8 cot o roctangul.: Voxes,
toplans tac bottorloso, z—oviar over t:ir baace for
oomnartaentalisction, Tho ovement o2 -11 tie bands ie

oynosrosised vith e cyecial necicaisz, The odveiibye
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oleined ic turn-over o? the bed aalf way through extrac-

tion when it 2alls 2from the top to the lower band,

Prench 041 Milla of U.S,4., who o2fer & range of
sxtraotors, Have & horigontal nodel toq{ whioch is oaid

to have beon very nopulor thougt ou:rq#& trend for larger
captoities an-ear to heve shirtod nrefarence to their

stationary booket type oxtractor.

2acrical ., The Rotocell ixtractor operates in principle ea a De 3net
Ixtrector e " '
3law {20 Ixtraotor excepting thct the oxtraction oteces are

rengh.

i

arrahged ia & eirolas and not 1linocarly. It is a percola-
tioa type extractor with a slow oniﬂg oylindricel basket
2ousac in o gas tight cssing., The rotating cylindor is
diviced into & nunbor of segnents ehoh of which forms en
inCepozdent oompartment. All tho segments hazg'porforcisd
bottoan, The abtorial to bp.fod to tao extractor io
receivac ot one poiat cnd the extraoé‘d acterial 1; dis=
ochergod at anotiior., The por:orgted bottoB%AG}o hinged in
such 8 way that they open out at tha-pio-dotercinod outlet

to Ciooarrge the naterisl,

Tas containerised gomportmonts of the Dotocell nmakes it
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pbadibio to htye submarged extreotion, 12 recuirec,

without mixing up o2 miscelles.

"4 vpaprieble Zeeture of the Rotocell Ixtractor is taat
‘$29 tine o2 extreotion is rocnced to about a2 lour wixieh
4o locs tzca 2el? of the De Saot thrzcto;. Tais is
achievel by tie introduction of & Qro-néakine stage
before t::e'ne.tarial enters the ax,traotgr. The Southern
Degioanal Tosearc: Ladorstory, llew Orloa;s, U.8.A, had
eotapbliohed in 1084 tae importance o2 soaking ia solvent
- extraction. "T:e solveat processin; pheses of filtra-
tion £aC extraotion coasists essemtielly ol ¢ siagle
oooking 8ad soalzing o2 the srexcred meteriel in tae nass
conceatreted or nrocdact =iccelle, wiioa contains 20 to
40f o2 o0il by weight, IZere, oubstantially sll ol tae

" 1ipico ere extrzoted. Tais heo Heen corroboratel by
Eulkarni, Costs &axl Jernovsly in tleir recent studies on
tho.neehaaiun 02 solveat extractioa o2 oil-bearing
peterials (I=oroved Bztreotion 322ieiexcy oy double soak
21ltration zal sztrootion srocess - 3,L.D'Louin, L.V,
Graci, Jr., .1.B. VIZ "€ 2.k, OGastxoolc, JLOCH, lday

1081, Page 258),
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T™e beneficial e2leots o2 pre-soaking may be summerised

as follows:~

1, It eliminates interfacial resistsnces,

2. The oil cells are enveloped on all sides by
oolvent, wiich entersc tie cells and ruptures
tren, Congecueatly cell wall barriera are
droken cown,

3, Closest nosaible contcet between golveat and
solids is acaieved, i:ereby nromotin; facter
extraction.

4, Prepcration eceases o be oritiezl anc is
reducec to seconcary importance.

This nmay ve eonnidered'as a distinot inprovenent in
continuons solvent extraction techniques. The oyliﬁdri-
oal oonotrunt}og o the Rotocell ZSxtractor is obviously
econoniosl ;ﬁ,ipaoo and lends itself admiradbly to large-
sized units,

Tee disalvaatages o2 tiis Ixtroctor anzesr to. bes

a) Aboeace o2 aay atovision for cleaning the
nexloreted soreeas in tie event o2 their
veias olozgec, &nd

b) Focoible mec:caical ci’ficulties in proper

clooin: o? tie nveriorated bottons after
disaleorxge.,

"1¢ Frenca ixtreotor o2 tae Prench 01l ULiill Lzchinery
Oonpany, -Piqua, Ohio, U,3.A. i danicelly siniler to



Filtrex
l3xtrcotor.

the Eotooell Extractor, the principal differemco being

thet the basket {toelf 1o stationary miile the feeding
a3d diocharge devices cre rotating, It is olaimed that

thie errengenent rgduooa.boirlnc loads &nd results in

lower inctallation, operction ond neintonance ocosts,

The Piltrex Extractor developed by the Jouthern Regionsl
Baaocrchohnborctory and peauleotured nndbr 1icence by
Wuroter & Sanger, Inc,, Ciicego, ushered in & now concept
in continuous soiveat extrection, Pre~soaliing of the
prepared netexial. {thé dorits of which lave been
referred to gunra) 1o the Zirat bosic step in ti:ise
oxtrtotion proceso, Soelking is cchieved by a olurry of
the flalos in the solvent under controllod coaditions..
Tae second step is the feecing of the slurry on to a

rotory crun type veouuws filter.

Uigcelle h0ld-up is considored to de tae determnining
faotor .in thae Cooiy= o2 axtractorse, (80lution Fold=up

es & faotor in Oilooed Ixtrootor Dosign, J.D.Xeone &
0.T.5nith, JAOCS, Uy 1080, Tage 199). In the porcola-
tion tyne of extrcotoro, tie miscella held in the

neterial has to 2low down by grovity only. In the Filtrex
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Ixtractor, vacuuwn ic used os an aid for spoodier with-
drewnl of miscells fron tie solids, Thio, coupled with
t2in layors of t:o materisl on the 2ilter, ao mcdoe it
vopaible to cerry tae washing onoration in 8 matter of

q to 5 ninutes,

Tae Soutba§n Regional Recearch Laborstory heve discovorad,
anuo result 02 Zurt-or roootrches, tiat ioproved extrso-
tion ef2iciency is odtainac By doublo~-pocalz tecaniques
(Improved Zztraction Z22iciency by double socl: filtration
&adrextraciion érooooo‘- 3.L.D'Acuin, 4,V.Graei or.,
1,L.3, VIX cad S.h.3ootroci, JAOC3, iy 1061, Pege 250).
Under t:is syotoa, 2lel:as oro oslurried &s ucusel aad given
a fow waglon oa the 2ilter., Tieraafter, tao filter osko
i again olurriec oad 7inally waoled oace azsin on tSo
2{1ter, Tao doﬁblo-oodk srocedure has boen found to

lowor =agiducl 1ioi<o ot oquel solvent ratio cad cchieve
;qucl ropidusl linico ot lowor sblvont ratio. In eddition,
c procoouor could eunl:y leos oovero end noticulous oondi-
tioa 02 nronarztion end still sckieve oqual extrootion

po:forﬁando ct'équal plant bohaocity,

T:0 outstzading scvnatezes of the FPiltrex sysctea io the



ability to headle cll t:rhes of high oil=bearxing
netericls without pro~prensing. The ‘aotusl washing
otage is reduced to tio duration of a faw'minutes Qg'thor

ballk o2 tie oil ic rocovered 1n-th§ slirry stage.

The disadventc:oac o? the Piltrex System oro:-

1. Tho oriticzl rocuirenment o2 & uaiforn layer
02 tie actorial oa thoe filter is necessary
Zor ooticZcotory ororction but vory diZfiocult
to obtain i: aroetico,

2, Tao trancler of slurry to the rotary filtoer
nraegento 2robloan for avon Zistribution of

tho »ttorinl on tho f£iltor cad obtaining a
ucilor= zco,

3. Thao 21iltor has odviousnly to bo provided with
ca air-tight kood wixich srosonts nroblons of
ite own,

4. In zraetice largo cuaatities ol oir onter
thoe oyoloa resulting in oxcoosive loos of

"polvont ex¢ hazerd o? oxplosiva iixturos.

8, The 2ino nc4tllic cloth oa th: filter

2rozueatly cote clogzed un by fians
rocuiring rcuasted Lael: woeting.

Tie Mltrox Jyatoa is in Hrimoinl. very woll coaceivod
aad izcornorc*or osome of tae lotost rafi-wnents in
" golvout extrastion, but sruoticcl ¢iZliesltice in
eaginserins ti> oguinzaat :ave norhazo atood i the 2y

of ito larcoe socle incustrinl uoce,
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bractor,

Ta¢e Qrown Axtrnoior anpotro -to rotuin the beasie
edvantcgos of tha Mltrez Syeten wiile ovoiding ite
shorteonings, Its cCeaign roveals en/acvajconont ovaer

otior oxtraotors,

3ooioelly, tho extraotor =sy bo sonsidorod to bo & sort
ol drag chein convayor forned like & loop of a nartioular
i

shape wit. poai:iny ead counter ourrent washing otegos

eltoraating,

Ianodictely cfter the flultan onter ,ho extrector, thay
cre oubjaoted to tiac 2irst o four extreotion phtses.
T:oy &0 2loocec with dilute miscolla (solution of odl
and golvent) waieh alleciively waches oil 2rom the sure
20600 02 tid IZlakeo and ‘softens’ tio oil ocolls in tho

::Qk..o

In tho 2irot ohoce o2 oxiraotion tha colveat flowe cown
tho 2{rot log o 432 looy in .o zam0 Ciroctioa ao t-o

a0 Ead._ Ttio ia ool tha co~ourront extraction

. Danso, Thag, o ti) Mlica Lol ircvelu orizontolly at

thie Latton o Lha 139p, volvoat {lawa tarous: tho flale

vod ewosn~wice to eho ¢irection o? bod‘novoqani.f'lllq\



phase 15 'called reeyoling pheseof extraction, Here the
f1al:e bed aety as & f1ltor Zor the oilerich miseslle, og
it do drp!n,ténn.tho.boftonzot«tho-oxtraqtgr.

‘s the flalre bed zoves upward {n the second upright log
of tﬁi ioOp, it 10 vncioﬁ Sy iolvons zlowina downward
tirough it, ;-1. is t“e o.abter-oq.roat ohase of extrpo-
ed ead very dzlg.o nuoonw 1o 2006 to oxtraot & Hf«:or
“pproontaao of tae cil fro: tﬁf solid.  PFinelly in tae top
of the leop, t-> flake od hies been tarned completely
over end {s .euhjootad to o sesond porcolgtion phase using
frask solvoat foi 5&#15un oil ab;orptton. Thic frosh
ootvont vao,ol aay oil-hoaring miscella from the eolide.
-Tho golics 4.oa aove ovor s droinago orea and, in & semi~
‘Cry ooxéiiion, empty ont of the top of the extractor ot

a eo:ot&nt ratc.

Tiia xotaér unaouel type of Ixtracter hos seversl patent

odvontagos:

1, Tha dine of extraotion 4o redused to a nore
o 30 =inuto: « 3lout halfd of & 2o0tocell Ixtraotor
ani less tzan & cusrter of a De Baet Ixtraotor.
, Tule rexayi:c:le roe=1t {e sresunadly cehieved
‘b7 double poniing .ef the patordol during the
oxtraotion oyelo, 3cqe: Zollewed by counter
ourront waghing.
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.-The height of the bod iso naxinun 600 om -~ &n
" :adventage wien conpared to the rolatively
deopor vods in the ceso of other extrectors
« ead this aleo aprears to cantribute to
bottor and apoodier oxtractioa.

The naterial undor nroocoss is, during tho
oxtrootion oyclo, turnod around 3 tines end
all tho pearts'o? tie bad aro of!octivel
exnogod to the miocolla/solvont. Thip''is
parhcpn anotaor. distinetive foature contri-
buting to bettor 3or.ornagco.

Tho .solvent to 21&203 retio ig .oclainod to
be 0,7 1 1 on veight bteis snd the eoncen=-
tration of niscolla is 30%. Thio low
solvent to flco ratio is -a noteworthy
‘2eature contributing to economy.in ovapora-
tion costs aad the uso of smallor sizod
djstillation ecuip:ant for a_givon oapacity.

In the ‘todnter current vaoninc soctions thore
Gre no seracns or nerforated bottoms ot the
bottom, 6o 1o usual ir t:iso type of equipment,
Inoteed, o sories of specislly ceaigned bars
.aro plceell on ond in Juxtapositioa-in such a
‘nenner tact thoy forn o grid whiech, the canu~
faoturors clein, waile nroventing the finos
fron paosing through is also oolf-eloening.

3ot tho feod 07 rew meterial and the dis-

.shcrge of axtrootod nerc are at the top of

the axtreetor - o foature condusive to
seloty cad reduced eonveyor costo.

An olectronie dovice locrtod in the ieod
honnaor scons ané &utomatic:zlly adjusis the
spood of tao oxtrcator to tia row uatorial
inout vic- tho 2IV drive, 2oouring egple
qxtraotion and droincgo tine oa tio ong hand
anc elinminating tho ponoibi‘lity of overload-
ing o2 the oxtrcotor on tho othor.

The driving noclanion of tha cxtractor is
einplified to ¢ oinglo opwoekat PIV drive,
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The oxtractor is very compact end talzee
ninisun onace, A 200 Ton Extractor is
only 2 £t, wide wkilo & 500 Ton Ixtrcctor
is &5 £t, wide, Csajaocitios o about 2000
Tono per day.oan bo handled’ by. ono
Extractor, ~
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Troatnaaent.,

DASOLVEITISATION OF BXTRACTED LiC

After the solvent extraction process is completed, the
natericl (generally krowa as t:e 'Marc') is dreached
with solvsat, This solvent h2s obviously to be separated
2ron the material and recovered, Taie process is known

ag "Desolventisation"”,

Thero aras several rmothods of desolventising the

extrcoted raterial, I tie cagse of soybeans, the type of
seat trentrant 188 o narlted eflect on the nl'ysical, Caenical
&nd 3orformance clidractaeristico of t:e final meal., Ths

heat treatment affactos the enzyrms, colour, watar adsorntion
and autritive value o2 the vrouot. (k.#.FORMO, Proceedings
of the All India .Jorks2on Conferesco on Processing, Utilisz-
tion 6nd asrleting of Soyboano, October 7/9, 19680),

Difforencos in procGuct propertice by various
heat trertnent conditions:

1., Mildest: Suparieatod _exane vavour desolventiser
Pols 004%

Plokess :/1ite, Hittor flavour, ansyme active,
poor nutritionzl vilae, high water
aboorntion,

Usess Zleaciin: vhiite traead, yenat food in
vrewing, protoin igolateo,
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Aasynen.

2, Iaternaciante: Gtean fesolvantizing in driors
(™36in0czenn®) DI = 30 to 78%

Plalzes: Very light tan, olight Litter
corecl flavor, onzyndg incctive,
good autritionsl wolue, very high
weter ebsorption.

Uoes? 3read, »lywood glue.,

3. Strénéz Stecn dosolvaatizing in "desolven~
tiser-tocater" (DT) PI = 40 to 50%

Fleien: Lizat ten, coolel cerecl Ilavor
(trceo 2ocainass), mocercte water
ehoorntioa, Iazy=moes inective,
oexcalloat nutritioasl velua,

Usoa: Dougizaute, wrolls, crcizars, et
Zoods, soymili:,

4. Jtrongect: Jraooure cookias o2 fleizes roz 1,
o 2 or 3. DI = 8% to 40%.

Fleiea: Qe= to Lrowa, tonoted carezl Zflavor,
onzy:zas inective, baot autritionsl
velue, low weoter sbcorption,

Uoea! Calf r:il: reslacers, soynilk, sot
200¢@.,

.Joyhaan 00:3t0ins sovorel enzyros wiooe aotivity is un-

deoirable Zor many onplicetiona, Liporxidase is one ouch
ensyno waic: oo i:a teadency to cotivote oxidetion by
oir 02 urgatuzndad 2544y coids to poroxices, This

onsyno 1o, t:arelore, ualesiznlble 2ron the doint of view

0f otesility of tia srocuot ac ito Zlavour, The trypein .

{2qibitor intor2aro iil: Cigestioa of arotein undoer tae
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in?lueace o2 try»sin in the gestro-intestincl traot,

..Therofo*o,'fhe prooonoé 02 trypoin inhibitor io 2ot
dosiredlo 0 it dmpeirs tho sutritionsl velue of the
aetorisl. Urease io caothor eazyme presont in soyboens,
Its propexsity ic to cctolyoe hycrolynis o2 ures to form
garboﬁdioz¥de,ani cononie., Tao latter could be injurious
to e cpin&l w102 =recent in its food., Propor hect

troatnent dectroys thace enzymes ond inoroases tho nutri-

tionel velue of tho procuoct.

Por some applisstioac, wztor colubility of ;o nrotein

is 032 impo-toat conoiderstion., Taioc io mecouroed Ly .2
DI or Protein Jiszorsadility Iadex wiieca is tho porcont-
ogo ol orizincl'protoin extractod wita watar undor arbi-
ﬁrary oxtraction concitionns, Tho higier tao PDI tho
batter is wator diopaorsability o2 thoe protein., Low
tenperature cosolveatisation yiolde & high 2DI but, on
tho otlor haad, onzymo cotivity is cleo pronouncod.' digh
tonporsturo cdesolveatication wiile dostroying tho oazynos

tlso groatly roducos tho DI,

Low Tonpo= In bateh tyno solvent extraction pleats, thoe dosolventi-
roturo Do-

nolvoatioction.eation of the more is e02200ted in the oxtractor itself,
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On complation o2 tho oxtrzetion procoss, tha solvont is
allowac to drain out as zuoch as possidle sad thoraafter
& vacuun io 3ullacd over tio vascol. Owing to tiis lowor=-
ing o2 tha boiliag poiat o2 golvont ot roducad nroscure,
veporissatio: o2 tho solvent taes nlace., In saallor
veasels ti:e lJegolvozticttion may be 2airly good but in
tho larger vagsoelc tais nty a0t ba co, Ia this gyoten
of cogolveztication t:3 1zieat Most of vaporioation o2
tho solvaat oo to o ouiainel from tho toisl hast of
tho moss., In larce oxtrcetors, t:a 3ot cvailadle =y
22 intdacuzto Zor 4l2 surnoose., Aittonpto aro zlo to
hoat 1o zmatoricl by poeripiarel juelot hoctins dut tiis
1o goenor:lly inefloctive owinz to %2a lorza dimoncions
02 tho vocsel znd t:9 door 1zt trsaosler ctoiic condi-
tiono, DJuring tha oxtraetioa >rocase, tie solveat ceoto
&8 = nediw: c2 2ant troaclor 2ros tha jackoi to to

actorizl But duria; 0 dosolvoatisatioa, lovevar, ouch

£

& zolliuz io trgont il Lonso 03t trauncfar is poor,

Atton:te Ltvo 002 nade to ot ovor taio Ci224iculty by
WO ugo o ozox zlon: tut axtonsivo condonottion o tae
stocs rooults ia luap Zorzction wiich nmaltes thio relecoe

of vapour more di’iocult, a$t to opoelr of unloading
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Vesour 21600

Lapolvoatie

petion,

di22ioultios: Iy c largoy Cepolventisatior unior

theso conditions is unsciiclcotory.

Ia 1082, SCLTIR et al otudioed the desolveaticstion of
=~exane ladoa z:cro o2 soyboen flalos ot low to:jorecturo

by ¢ 2lask: deoolveationtion »rocedure, It was oboorved
tint thore weo no deanturetion o? proteia wiich was
co:;rally stcervad ia tio coanarcial dosolvontioation
operztions. Jutooruaatly tio sroecocs varicbles wera
studiac Dy 03T ot al ia 1980, T-2 Flash Desolveatiger
Prcceso exiloys supariactes Zoxeno vajsours ia cirect
coataot wil: oolvoz? wot Zaaldotock to 3rovice tio ant
recuired 2or vavorisciioz o? solveat =nd o co=vay oclils
tirough: t:s desolvexticia; tudo to & cyclone cap:r:tof.

i asjor portion o thesce voiours ara ro-hoctold cad roe
cyolod in tke n»roeaac, I= tie ?legh degsolvintiscer »nro-
ceng, Ciroct oontact io o-tninad bHatwoen colics and
supor-hactad vajyours, Ixieascive ourfice areos of tao
2leloo 40 2aidly used Zor hest trancler. Tha solics cro
odmmltenecusly Irisl nac earriad 4o t-o oyolone ogaersrator,
Tho tomparzturo Cirrlazoatinl probreooivoly Cecrpasces,

The 2g: unt treselor rode oo:3hia0d widh 455 thin 2lekos

poruito »334C solveat senovel by sudjootisg tho solide to



slevciac tex-orniuvce 2ox only & 2ew oecoalo. Tha 2lekus
Lre cooled imr:elictely, o iactonteneosus attiag ot

zih teazersture el subgecuent coolins nxctecis i:e

23zt oexsitive nroteino, Iz 9 21032 “uCO¢ISJ ioiag

) .
oyote:, o “ic: cegroo o2 oolveat ronbvcl is otteinod
ovoa tious: t:e solwvezt io vajoricec into sa ttuoonlere

02 ite oma vzyour,

T2o n&terial io 3ed **rouc’ tn agslpok velve iato tae
00lice inlat of &: loch Cocolvestiser, At 1o soint of
entroace, 0. otret: ol pusorioctod lLaxtae wapours ri2etu
RSt ?lagan 7=iel orocticnlly 2luidice the narc o=d earries
it into thoe Zesolvauticiay tuta, T:e vejpurs s vell 2o
.0 desolraatioed coyvoan ’lunaa are carried into a
o7clone senarator, Thie Lot vonours &re fed vool: to the
blover Zor 2urtiar recirculstion., The desolveatised
flales exe (icezsraol ron tie Dottom of the cyclone
tirouch ‘an-&iFloe: volve i:zto chot:er eooling cuct ﬁhbrg
. gooled ¢ir’is "lowa to cool tia nesl, The 2luicdicol
006138 =an) 4c tien aracinitstel in o o;oond 2100
collector, *©:3 eantire iact>llction, excest tie cooling

Guet, is complataly inouxlatad to nrevent loat looo,
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Drawbaclo. Tais srocess, zowever, otllo for & careful evaluetion

02 the 20llowing 2actorso:

1, Tie livoxidsoe eazyne vwaich promotes
activction of t:e oxidction by eir of
unsatarated 2aity coids to naroxides io
aot elininated. It io ctlled enzyne
ctotive soyllour,.» Tais enzyme 13elno in
bread bSelking., It ctuses bleeciing of
tae yellow niguents ol tae wi2at 2lour,
The flour will, “ovever, carry o strong
charaoteristic "beany" llevour.

2, Thaa trypoin inhibitor io not comnletely
destroyecd.

3. Tho urocse notivity io aot reducoed.

dovevor, t:e =iz nrotein dioporonbility index, if
decired, would be oao of tie major advantages of

tais proocecs,

Lediuwn Ton- In tiae oorliar ooztinuous solvent extraotion plants and
pereture e~

o:izoatioution irn some disocontinuous plants ioo, desolventisction of

wita '

dehneclono, tio nore is effoctec by passags of the matoricl through o
oeries of lorizontal atoca jaokotted eylincers in which

the naterinl is nrocressed by rotating »acdlea, The

to
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Eigh Tenpe-~
returo
Trattnont,

neterial pecses ia thin otreams aand ect treasfer uncer
these dyndaic conditions io feirly good., Tae oolvent
vapours, w.:iec: oro relensel, are aspirated out of the
wait into t:o coacseasciag oyoten., The teanerature of tae
neterial enmsrpging from tie decolvexticing anit io
cenerally 05 to 100°C., Soybean flales desolventised
wacer thooe conditiono yield & nrocuct with a PDI range
of 80 to 00, Juch a nroiuct hao & high water cosorption
cuclity with a nild 2lavour. ilutritionti c.craoturiotice
are, Jovaevar, not Zound ensouragiag., Ao coot of the
continuous solveat oxtraction nlants id the country aave
only GCohneckzen tyne driers, tiey would hava to add a

tocoting unit 12 thoy wis: to nrocess soybecns,

DIESOLVEIITISZR TO0L3TIR

Tho Desolvantiner Toaster vrocens, wiich ncdo its
annesronce o= ¢ comnoreisl sctle ia 1650 ia U.3,, hao
+0lly oclipcoc tie comnerctively nodestricl type of
tubuler driezs, Oac ol %33 sracial roasons would Do
taat dotl: the najor oiloeods ia tte U,5., 3oyboan and
Cottonosed, Co recuire iigh temporcture tréatnent for

various receons,

Ono o2 tiae principal adveateges of the DT process is that



Optinun con-
citions of

tocetins de-
golvontiood

flcicen,

Ogoratiog
of LT,

soybean meal vroduced 228 unifornly excollont nutritional
characteristics, (Leference D,T,Procoss for Joybonn leal

by 8ip08 & ‘/itte, JAOCS, larch 1061, Paze 11),

It noy be rocognised thot thoe optinum time and tempora-
ture for tonating tre inter~rolated &nd nay vary for
di22erent onoocics of aninclo, idvens aad loGianis
denonstreted tict soybeoa fleai:as hastod to 100°C in
tutoclove Zor 30 ninutes cre ouporior to f1cl:ao rocoiving
greater cnount o2 hoeting., +4a iacronse in thoe tinmo of
aoating £ad temporature alowed lowor nutritiona} value

for tho flalen, Zoyward cad leter Altsohul ot al indie-

‘ ocatad that 43k0 noisture confo:t 02 tiae 2lokes will havo

to bo dromerly coatrolled to yiold a autritionally
sunorior toxstol mecl, Tho »raconce of nmoisture
inoreanon the rato of destruction of urocase onzyno and
the aafi-trypoin feotor., It aloso results in a ropid

change 02 reduction in Hrotein oolubility in wator,

The boosic DT deoign consiots o2 & series of oylincdrical
Zottles arraagod vertiocnlly in ouch & manner tant the
neal ota flow Ly gravity succossively froo tho top kettle

to the botton :ottle. Tha necl-flow tarouch differont
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Eggzndod

_ steges may be coatrolled by sutonetic sates, The
.solvent wet rore from tie oxtractor ontors the DT
~ tirough the top tottle, Open nteca io injooted into

_the solvent laden petaoricl tarough hollow olaft. Tuo

oshaft has nixing oweons slso fittod with atean injootion
mozcles, T=o injactios otes= io ot & 2icher tooporiture
8ad toads to coadease on tia flakes, Consecueatly,
necesoary 108t ig Zurnichod by tiao onon injootion stoan
to vapouriso tha solvext, Jullicioeat live ateca ie
fajootod ia 4o fon =ost riitls <o wapourioce all of the
golvent a2 oot t.a 2lci:as to cosvomimately AlleR. Lo
t:0 e8] 2lows into the lovor ettlos, tiae to:porature
02 t-e moal io Zurtior incroased 3y introlucing otean
iato the jnolkets o2 tho Joudle hotion nletas oad also
into t:0 jacioto crouad tie osiell of tho DT. During
thio pmosge, nort o? tio moioture is’'tloo ronoved and
tho desired moisture lovol could bo ::ointainod by proper
otean coatrol jato tie jcolots, Finelly, tho dosolvon~
tisod toanted meel 2lows out ol tiao 2inal gate iato o

porew oconvoyor or & opooicrlly designad plug coaveyor.

In tio nodorn D7o, tio uspor ¢ooolvontioing portion of

tho oguipmont is ncdo into ex oxaecadoed dora. This

L} §



lowers h0 velgoity o2 the vinours lesving tiae ourface
02 the cecl nroveating 2luidication o2 tho bod, Concow-
_guontly, it-vould zlgo augnent the capecity throughput,
It nay oloo be conotrued taat the entire DT is divided
iato the dosolvoatioing zone snd tho toasting zono by
addition o2 this exnonced donmo. As tao live otesn
recuired Zor the <acolvoatisor function has to flow
tarough & daonor bad of moal bofore loaving tie DT, it
would consocuontly roduco tho cuentity of live stean
recuiraed, It 1Aprovon tho contact batwoon the liwve

otean and tho noel,

Modern Unlile the oarlior 2To, tiao 1live atoan is injected in
Practice.
the third conpertriont and tho hot stean and hoxano
vepours will 2eve to ~aoe through tie second end firet
otegos ia thot order., Thao designs of tho firot and tho
seconc stegos are also rada in oush a canner as to provido
& Judicious coatect nzosazo, The daoign of thio pasoage
. would oa tie ono i1aad nele it pqaniblé for tho hot stoan
vopours to como into intixcte conttet witk the entering

naal and ox t:o otier hand avoid unrocossary development

02 uafoesirable nrosoures in t:e DT,



It nay ba of iaterost thet adout 90% of hoet input for
the entire desolventioing aad tossting oparztions conce
fron the injeoctod live stoam iate the third ohambor, In
2a0t, thioc is.exaotly the beaic function of the DT by
vialoch nocessary moisturo level is reached by concdercation
of tho stean, Tha suboocueat toessting at high noioture
content requiroel to optinisco neal quglity is & corollary
02 ths first dosolveatiocing oncration where tho concdanaed
atean provides tho aecocsery moisoture, ietciled triclo
on autritionel cuclity o2 o ST procoesc -=:etariel hevo
indicatod tizt tho time in tio tocoting is not at =11
oriticel, It coulc be veriod thirouvgh wida livits without
goriously eZfacting i:o0 208l quality. Tho moisture coatont
io eloo oanily coatrollod as this io orinmarily roletod to
tao oolvoat coatont of tiz oxtrzcted soybozn fleclos ad
the inlot of tae UT. Taoro are, hovevor, two faotoro.
wiiioh saen to bo roohyonnible for the oxcollont quality

of nrotein:

1. 7o aemnor o? iajeoctiar iroisture uniformly
to ialivicuel Yinize nayticlao, and

2. %ha colluler ozilosion fuc to venorioation
‘of aclvext,

Ia tho o7, tha otoer azvironnant ohuractorices the de-

oolvoabioing vaotion 02 430 aait, llecosoary hoat in
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Destruotion

of coll

wallo,

this -zone io0 furnighed by -live ostoan 9qqdenqing upon
the individual particles, Thio io in contrest to tho
earlior nethods of toasting whore water as a liquid was
nixed Qith.tho dry flakes Zor tho subsoquont toasting
oporation, This elways resulted in impropor distridbu-
tion of wator uniforaly to cll tho flakes and reoul ted
in a nbal of enbiguous autritious guality. In tho
oonbin;d DT ;poration, eccl flake particle rosponds
uniforaly to troctment in the subsecuont tocsting oooc-
ti;nn prevonting ovortoasting oy sono and undertocoting

o2 othors, in viow of tho fact tact tho injootod live

stocn ooncenscs unifornly on 211 the flakes in the do-

_solvontising operation. The roault has boon mininioing

tho looe of valuable nutritionel factors,

Eletological otudies of the DT soyboan meals have shown
832 unusuel cdastructioa of tho ccllulosie ¢oll walls and
8gglonoration and coalosconco o2 tho protein grados

groqont. It 1o obvioua +i.t tho tetal destruotion of

“ooll vall jo due to explosive vaporisation of solvent in

tho cosolvantioing soxo by tho injocted stoan, 1In
dotai}ed tonts doae by Contrel Soya at thoir laboratorios,

it ﬁap“&bdoripd that the DT meal prosented on-exoollantb,
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Time 02
Tocotiag,

n}groaoopio croon ceotion showing total cestruotion of
tae cell vglln. Correl=tive feediag tests o2 thie meel
slotring ;;;h a nicroscopio oroos sactional views have
produced excelleat results in coatrast to the poorly
toasted neal or .& oonbinstion desolvaatising, water
addition aac tossted neel viere tha total cell leastruc-

tion wes rot noticed.,

Fron verious exyerimentcl nlanaed tests it was

ohoerved t:ci 4ue optizum nutritional vtlue is nein-
teinad ot 16 ainutes o2 toestinz £ad beyond taat, even
cfter tozotins to 40 =inutes, the roduotion to oitaer
t20 zein or protein ef’iciexcy is aoninel. Striking a
-88a it io observed t:at & toasting tine o2 20 to 30
ainutes io rather sipniliccnt. Jince the trade is aleo
interostec, fOﬁ‘PGBG unznown recpoag, that tho neal is

~

browa, the tocstin: tias orould e governed Ly tiais

" consumor accentance ctandsrd, Tesults of tie various

onar=+ioao 2nve nlowa tiot the urease eotivity rad tae
wvegeacs o iie trypoin inhidbitor clianged coaniderably
by tie tine tia neel reaohéd the ¢:ird chaanber of the

DT, UafZortuanciely in t3e nrocoss tice vater soludle

protein, tiianine, is also destroyed, 4 ueon between



the: -t;‘ﬁ'pein .rthhihi.tbx‘ reddotion in Qd‘;&epa\ dotivity -
and éhq'roﬂehtion,of tbiéuiqg_nuonau norained(at\tbd
toasting »roocess, During the perida of this wotﬁ,{oono'
iavestigation was also done on the pot extracted meal
oanplen. llotwithotanding the fact that open ciean is
injected also jn the pot extracted neal, tae histological
heating =ad feedinz results for tiece meals were found to
be cuite inferior, The reasons for this low nmeel quality
could be toat tho rate at vhioh stean is adaitted to the
pot extractors is low and the process is not a continuous
one resulting in the meel noar tae live steam inlet at
the bottom o2 the pot being subjected to differen£
tonsting coaditions fron thooe of tho meal at the upper

part o? the bed,

The other attractive features ol tae DT procoss ore
‘lower solvent loss, nininun 2nount of desolventjeing
ecuipnent, less juilding spcce, seler plan£ oneration
and substantial reduction of owerdll oteam usege by
utilising the heat content of DT vapours for miccella

ovaporetion,
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FINISHING SECTION,

The dosolvontised defetted soymoe2l io recoived in the
2in{shing seoction over vibrating ooreens., Con:oreial
cuality 44% moel is set to pese tarough 11-14 nosi.,

Tao hator;al »epeing throuzh the scréen is divorted Zor
bagging. The conrse aatérial nesping ovar t:e sbreen
is recéivod in e Grindor £ad taa discacrge of the
grindor is divertod back'to the ;creen.' Jy t:io

erranzanent, mesl of t:e required griad is obtoined.

12 soy grito cre desired, tha grincder could La oat to
tho nerticlo size required cnil tko discharge recoivod
on & pors>cte sot of sereens, Tha meteriel peosing

ovar tie sorocon will be the grits.

Sometinas 2ine Zlour 62 100, 200 or even 300 mesh ney be
rocuired, The btoic process ronasins the ceme, Only for
fine flours nicropulvorisors woulld ropleco conventional

grindoro.

Tiore nay bo occasioao when gome fat h=o to bo added

baok to tho Jdefatted soymeal intonded as eattlo foed,

é8
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Loeoithin reoovorqg curiag the degumming of tie oruco
soyboen oil could also ba adced back to the dofatted
ﬁoy::ca..czl'. For nakinz such procduots, usuclly nrovision
is a8do Zor adding tb; fet or tho lecithia into the
soynacl juot Lefore it is degged. A mixing conveyor
in aroviZed ia nuob/cs.e_es for dionarsiag tio added

netoriel in tao meal,
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ISCELLA EVAPORATION,

Distillation is tha soperction of the components ox &
liouid mixture dy nertial vaporisation of tio nixture
and soparato recovory of vapour and residue. Tie vapour

is usually recovered by condensation.

In an ideal case, Rault's Lew is anplicable to tae
licuid nhase, The law otates that the partial nressure
P1 0! any comnonent in tie venour is eguel to its dole
fraotion in t:e licuid x1 tines the vapour pressure P1
o2 the pure conponent at the same tempersture, In the
wrimery niztures the aressure of one ocomposition will
2ix the temperature cnc vanour composition, In other

worde, »resoure &ac tenpereture fix both compositions.

iPorry).

Syote=s cona:rioiagc o2 oil and hexane aave exiidited
consicderable nezttive devictions from iceal conditions,
It hes been ZJound tint tie vanour pressure of the solvent
ie lover thea wviat io calculatod 2rom its nole concentras
tion i{n the niacellc &nd the vepour presoure of tae pure

solveat, &pnlying “ault'o Law,
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It wao otoerved it bYelov & solvant ooaceatratis: of
esout 108 ty weigkt, thas beiliag jroiat becouas ao high
Lot sioun striépias ic eocceatitl in the 2in2}) stages

o solve:i recovery. (3eiley).

Concileravls et~ 288 beon nubliched recarcing the
vi.pour prasouse ourves 7or pure hexano, ooanerciel
herage nd —innalle, Thae 2loited ourveo tre oa tie
bagis 02 oy vepour nrosouare versus ..oi yae&l ol w.e
absoluts -~ vaperninza, Tage “ow Joorslly siven
ctxeight 1i.0 olope, It 2eo0 Heor olL.erved %..t below
2C002 ¢ c cotuul vapnour »resccure ocu-ve of the aiocelle
ic a otraipg=t 1.0 vit: & slode scual to {ast of the
vapour »racoure c.ove ol <the pure solveat. The activity
soa:"feloat or ¢t alic o wotiii vopour -raouauvd to
ideal vanour zvaz.ure over thr ate.irht line nortion wap
found to be out 0,80 2oy . temnerature reciprocal

value ol 13,

lotixity eo0022%edent oo & ru. .t.onshdp with 4 erciure,
Tsar aett 1 ovoival wrer siming o Vo ad-caidty, tae

sertiol Bent o2 golution of co. oaeats i: -egotive and

7



tie aotivity coe’ficieat rises wilh tenp¢rature.
Jovever, oot nixture a? oxgeaio liquid#téke up heat
vhen nixing ocoursa, Coaooquontly,.tho partial heat of
a osolution is negative czc the activity ooe2fioient
velue deoreases vit: imoressing tempercture.

, )
It acy b9 pizted zare tint the vépour pressures of
vocotnb}o oilec :ro.axtre:oly low having regard to the
facd thant tho.bollina poiant of noot of the fetty aoide
sre over 380°C, The boiling point of hexane on the
other head is in the r;ngo of 62 to 60°C, Conoequently
its vepour Hressuye is hiah,é% an equel temperature,
The vapous p-oosuro of soybean oil at 308¢C is herdly
0,080 o vio:eas tae vapour pressure of "a solvent like

Norn:> Sexa<e 1o 780 rm ct & teapercture of 60¢C,

Apart 2rom thasos, norarl T:xzene is an aliphatic hydro=
oorbon ond Lu8 0larp %ad ;&tIO' dictillation renge., It
is, tierefore, easisr to seporzte tais solvent from a
nixturo of golvent &:l tri-glyoarido toerned 'iidoocella',
é pinnle evojor-tive Aibiilistlen &t o low tcuauriture
Vundar vaouruy ie gu2sizdeat Zor elacr canaration o2 the

two ohooeo o2 the 3fscells witiout oy éifiioulty. The
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nroble:, co mentioned ecrlier, becozac o liitlo aore

St
connlicuteu wuen the conco*tra ion o2 tha solvent goeo
telovw 10% It appocro 8o taouph t“ero io sone alount of

.,.

c”’inity *atvoea the tri-*ljceride ead tho nexcne biged

. I

aore oa the dioolcr :onant or diolootrio conotcnto. it

¢ N

io poosible t...tﬁm raeit.ut:l monont o. thé tri-glyooriae

ues & definite functioa 1: t:io aloo at lowor concaatra~

tiono. In ’aot, t-io rctxor stra~~a ohonoaenon io also
_ »
utilicod 1= t:o oabsecuo:t :roceeo 02 rooovory of trcces

o’ aolve*t vanourn dixod vit’ air oy adsorbing it wits

a sinil r tri-c-yceride.

Ia tao process o2 dinti;latxo- o’ tao niocolla, one 02
tho Lcjor oo_ci or:tiona io the ef:oct o“ tecoarcturo on

R [

tae cuzlity o2 tne edible oil rooovorod. hore so, vhen
the eciblo ;;1 10 nichly unsaturetod nuch as goyboan oil
wiiehk des 82 1odi:a valuo of 136, T:2 »rotection of the
oil 2rom tao dolﬁtarioué éffeo;a.éf-tonpoggture is

vitally importaat, Jbviously, tae néjér frotootlon saouléd
be “ron tie sracaneo o? air.cnd oxyzen.whiol ere likely to
darmaze 2 oil =nd 2leo Zora explosive nixtures vith tho

solvont. . Assrt fronm thase, ths uncaturated fatty compo-

naato .02 4:p oil tond to doly=arice et higher toanercture
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Iaduotricl
2re.otice,
K .

It ie, thorofors, é coanén »ractico to nanarcto tae two
phgnoo c£ highor vaouud end neintain tSe toapersturo of
the piocolla as lovw ao pocoible unt;l concontration of
0 hozano in tho oil 2ells bolow 10§, it taio stago,
hoéé&or, cs indioctod oerlior, crastio otevs aro noceo-

[
oary to ronove bounc solvoat from tho oil, DJetween the

“two natihoCs o2 otrinping at high fonporaturo under

voouun ozd ptripning on mocdorate temporature undor

vacuun by o otrinoning otroén, thoe lattor metiod is ocafer

" ecad genorelly uced, " Ia othor torde; otean cdistillation

ic utiliced to otrip'romnahto of tho solveat from loxano.,
3toan dictillation is adoztod as & mothod in vhich the
pﬁffial vépour nreasoure ol o toan would enable t3o
volatile cozponoats to cdintil at lowoer tervorztures due

to lover partial venour prososure., Tho prosonec of stean

olso helpo in bleazotiag tho high terddporature of oil in

low concontrate nincolla froa boing exposed to oxygen

ond air,

.0 niocells -delivored from <10 extraction section will

uove & cémoeniroiion of 18 to 308 o2 oil, dezending on

tie tyne o2 axtractor usel, The ovanorction of nicoella

to recover tie oil io ée:arsily cdaducted ia 3 or 4 otages.

4



T3 2irot otoge o2 avosonntion o tho =iscells is in ean
apporstus tere t:e hedt o he 5T vidours is uoed for
nreliniasry cozcenirstion., Thio Lant exchifnje arrenge-
aeat usually raosultc ia t:e concanirstion ol tlie miscells
to ctout 50 to 30%. In order to obl&in heot results, o
;aouun 02 advout 40 %o 485 ows, meroury is nointeined over

the heat exchengse uait,

Taerenfter, t:s piccelle io »assod tirough & sriciry
oveno-ttor, worally o2 t:o rising 2iln tyje, wit: an
attae-el 2lcoler for withdrawal o2 th:e 2lasi:aec solvent
vepours, Taic sootion gezerslly tloo oporates uzder &

vaouurs o2 tlhout 48 cmso, noroury.

In the gocond cttge evoyorctor, the »rocess of coancentra-
tion ic continned aad 4:e 7oouun -t iiis otage io geaerslly
hicher - thout 82 «o, neroury. The nroduct emergiaz fron

thio cection cenerclly 220 o coacentratiox o2 0 to €04,

The leet oiozo o sarovsl ol solvert vepours Iron tae oil

{0 tha fdialsliig oclumn, whore tie oil io atripned with

1479 otecs uader ig: voouwa - o2 4io order of 70 ono,
wareury. T:o oil anarging 2ron tho otripper ic comnereinelly

2ree o2 polvoat aad is cooled and cdelivered to storage.
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RECOVERY OF SQLVENT,

Large volumes of solvent vapours are to be handled in the
" solvent extraction plant. When the extraoted maro is
desolventised, all the solvent contained therein is
vapourised, When the miscella is ovaporatod; the solvent
is recovered as vapours. All the solvent vapours from the
various sections are condensed in water cooled surface
condensors, Considerable quantity of uncondensed gases

will still remain to be handled,

Salvaging solvent from the -uncondensed gases is an impor-
tant factor influenoing the economios of operation as well

as the safety.of the installation. The earlier step for
recovery of solvent was the use of refrigerated water or
brine for further cooling of the vent ga;os and condcnsation.
of solvent., Assuming the vent gases being saturated with
solvent, the quantity of solvent in the gases depends on

the temperature, At 30°C, every cubic meter of gas leaving
the system would carry away about one kilogram of hexane.

‘At minus 10°C, the quantity of solvent lost ocould be

reduced to about 130 grams per oubio meter.
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Rorrigaration ocompressors &re senlitivo to cooling watex
temperaturo owing to limitation ot delivery pressure, In
the hot weather (atleast 6 monthe in this ocountry) cooling
water temperature soars and comproseor efficiency is at
the lowest ebb, On the other hand, high water tempera-
tures make water-cooled condensors less effective and
maximum supporf ie eesential from the recovery system
which it is un;blo to obtain., Thie is tho'major short=

ooming in the refrigeration eystom in.tropioal countries,

In recent years the refrigerﬁéioh system for recovery of
golvent has been replaced éy Adsorption System, In this
system vent gasea are brougit into intimate contaoct with
mineral or vegetadble oil, which absorbs the solvent and
enﬁurea maximun reeovery of the same undor cortain conditions
The solvent-laden oll is stripped of solvent in a separate
amall evaporator, cooled and returned to the absorber.

The oil is recycled in the system in the same way as the
refrigerant is recycled in the refrigeration unit. The
adsorption system is relatively more efficient even at
higher temperatures, The equipment used is simple and
does not pose any maintenanoce problems. Its power oon=
sumption is also very much lower than the refrigeration

systenm,
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Theogx of It is a common obeervation that eeparate phaeee brought
Adgorption, AL b Yt RN

1nto‘oontaot tend to approaoh a etate of equilibrium,
When pure water ie placed in contaot with dry air, water
evaporatee and the air beoomee saturated. Alr is
:abeonbed by water and the liquid ie.aaturated with
oxygen.and nitrogen. It is apparentutbat there is &
enarp conoentration across the interphaee between two
phaeee in contaot and in equilibrium. In the region
immediately adJaoent to the interphase boundary, it is
found that the concentration gradient is surprisingly
.8teep as compared withwthe corresponding gradient at
pointe fu:ther nenoved from the interphase. It may be
conoluded that the principal reeietanoe to interphase
tranefer ie to be found in a thin 'film' of relatively
atagnant fluid next to the interfaoe between phases. The
thiokneee of euoh a fiotitious film is termed "effentive
film thiokneee" | The equation propounded by Prandtl
.applying the basio Reynolde aeeumption to the 'core' or
the layer of the moving fluid is quite well known,
‘Colburn treated the problem of the interphaee material
tranefer through a gas 1n turbulent motlon and obtained
anplicable equatione. Chilton and Colburn modification

of the Reynolde analogy is quite well known in the oor-‘
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rglation between friction and diffusion of gases.

Adeorption is an extension of the above principles. VWhen
the oconcentration in the interfacial layers butween two
phases is greater than the bulk of eithexr phase, thg
substance is said to be adsorbed at the interphase. Many
solid substances have.the power to adsordb moisture. Foxr
instance, glass and porcelain possess this property.

Some porous substances have tho power to adsord gases.
Adaorptioh is a surface phenomenon. It ocan increase in
importance as the particles are made smaller. It also
will mean that a large surface ehould.be presented by any
glven aubétance. It is . 0obvious that tﬁq greater the

surface area presented, the better the adsorption.

Adﬁorption difféis from absbrp%ion in‘ﬁeiﬁg'éontined
largely to the surface ¢f the adsorbant; ‘if is observed
only at the surface of the solution. Gibbe has shown
theoretically that those subatances which lower the
surface tension of a.sdlvont in which fhey.afe dissolved
be come oohcentr&ted in the eurface.layef, wﬁilst the oon-
centration of substance which raise ého surface tension
is less in the surface layer than in the bulk of the

solution.
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When inorganic salts are dissolved in water, they increase
the surface tension slightly., Therefore, the concentra-
tion of the salt in the top layer of the solution will

be less than the bulk of the liquid. Gibbs derivedthe
following mathematical expression governing the variation

in concentration:

C _dr
-8 = XTI
Where S » excess of solute in the surface layer
(tho sign indicates whether there is
actually an excess or a deficit)

concentration of solute if equally distributed
gas constant

absolute temperature and

H 3 X O
|

surface tension

&
| ]

variation of surface tension with

a0 concentrution.
It 1s also the slope of the curve at the point at
which the conditione'are fﬁose of the experiment.

Modifying this equation as belows:

-§ 2. , 4z
B'R'l‘xdp-

.

Where p = phrtiéi pressure of the gas, a.relationship
was_cstablishod between the adsorption‘of the gas and
abolvent, :



It may be observed that low temperatures will favour
better adsorption. No chemical change will take place
at this time. The gresater the surface area, the better

the rate of adsorption.

The adsorption isotherm is indicated hereunder:

§ . ap1/n
where, x « mass of gas adsorbed
m = mass of tae adsorbant
and P = pressure of the gas

a & n are constant.

This conclusion gets modified in the case of adsorption

from a solution as below:

X 1

S = ac'/n

Where o is the equilibrium concentration of adsorbed
substance in the solution. This conoclusion may bo
ré-written ab below:

log x - 1l0g1 = 1/n log o + log &

It may be observed that if log x is plotted against

- log o. a atraight lino will. be obtained, ' It may also
be noted that there is oertain.fo;mal»eimilarity
betwoon the adsorption isotherm and the distribution

law,
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The abovo concoepts are utilised in the adcorption of
vapours of hexane mi;éd with ﬁir by an adsoibcnf.
0ddly enough the adsorbant in this case is the tri-
glyceride oil itself. As explained earlier, tho
dielectric constant lie in th; range‘of 3.0 to 3.2
for pormal oils. It has been proposed that besidos
the phenomenon of diffusion the hexano vapour through
| the interphase of the oil and .concentration of it on
the surface layer of the oil, the dipole moment
imparts some amount of co-ordinate covalent linkage
between the tri-glyceridc molecule and the hoxane
molecule. It is obvious that the following conditions
will have to be met with in the phenomenon of
adsorption a?d the hexane vapour from the hexane-air

mixture by the adsorbant oil:

1. The tompeorature of the oil must be reasonably
“low, '

2. The temperature of the mixture of gases should
preforably be ambient.

3. It is advisdble to have no moisture proscnt
during this prooess.

4. The surface arca to the volume ratio should
be deomed to be infinite. In other words,
the grcavor the surfacoe area, tho better the
‘rate of adsoxption.



Safety in
Solvent

Extraotien

Plants.

Safety is of utmost importance in any industrial
establishment wheré lives of several human beings and
Property worth millions are involved. Safety is doubly
important in a process when dangerious petroleum is used
as solvent. That the accent on safety is not exaggerated
is evidenoced by the faot that more than half a dozen

‘najor fire disasters have ocourred in solvent extraotion

. plants in the country in the last decade, the minor ones

being too numerous to keep track of,

This does not mean that there is any inherent danger in a
solvent extraction plant; it only means that the neces-
sary safety features should be in-built in the plant,

which would render it free from danger in operation,

Primarily all the equipment in which solvent is involved
should be vapour-tight, leaving no possibility of escape
of solvent from the system. Particular care should be

taken ;n the ocase of moving shafts which operate in

., qqgipment pandling solvent, It is customary to use well-

designed mechanical seals to eliminate posaibility of
loakage of solvent. The valves in the solvent and
miscella cirocuitgshould be of good quality - such as
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all-cast iron lubricated plug valves of .the 'AUDCO' Make.
®he pipes should be of the hoavy gauge quelity IS-1239,
The joints, if any, in the piping should only be of the
flanged type with flanges conforming to BSS Teble D or
better. No threaded joints should be permitted in the

solvent and miscella oircuits.

The plant should be so designed that there should be no
poésibility of a pressure developing in the solvent
cirouits., It is particularly important that ther- should
be no valves or obstruction in the solvent vapour ocircuits
gso that hazards due to mal-operation or mistakes are

eliminated.

Liberal provision ofﬁﬁighi glasses on the equipment is
necessary in order tbbenable the operator to observe
vhat ia going on inside the equipment.
.PlowbIndicatora in the piping iezéimilﬁrly neocessary in
order to keep an eye on the flow in the piping. Needless
to say, sight glasses and flow indicators should be
“vapour~tight.
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The products leaving the plant should be free of solvent,
The oii should be thoroughly stripped under highest
possible vacuum with a view to rendering it solvent free.
The meal should likewise be perfectly desolventised before
it leaves the system, BSolvent-laden meal is a very big
hazard not only in the factory itself but all down tpe

line where the meal is handled and transported.

A1l the effluent leaving the system should be thoroughly

stripped of solvent in a flasher before it is admitted

into the sewer. Vent gases leaving the systerm should be
t

thoroughly rid of solvert vapours by means of modern

recovery equipment.

The entire electrical system in the solvent extraction
plant must be of genuine explosion proof quality of the
approved standard., Where the control panel is not
explosion proof, it should be housed in a separate
enolosure pressurised with a fan which should draw the
air from a height of at least 2 petres above the highest
point of the solveat extraotion plant. The access to
tais enclosure should be of the double door type with

door closers fixed on the doors., For visibility from the
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plant, a glass window is usually provided; this shoudld
also be of the double glass type with a gap in between

the, glasses.,

An eleotrio control panel for supervising the operations

of the plant is.a MUST. The panel should have sequencing
and interloexing devices to prevent the possibility of
mal-operation as far as possible., When the steam pressure
should fall below a pre-determined minimum, an alarm should
be raised to draw the attention of the operator. The
pressure of steam has a direct influenoce on the desolven-
tization of the maroc and maintenance of vaocuum/under-

pressure in the plant.

In a like manner, if the cooling water temperature should
rise above a pre-determined maximum, an alarm should be
raiged in the plant. If any of the eleotric motors should
stop for any reason, the alarm system qhould be actuated.
The alarm system should be audible as well as visual for

maximum effee¢tivenses,

" Ag power failures are rather eommon in this oountry, some

"built-in measures are necessary for maintaining safety
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standards. The immediate effeot of power failure is
cessation of water supply as water oiroculating pumps are
eleotrically operated. But cessation of power may not
affect the steam supply except where packaged boilers are
used. Therefore, a hazardous situation can be oreated in
the plant as, on the one hand, continuation of stean
supply would vapourise solvent and, on the other, as water
supply has ceased, there will be no means of condensing
" the solvent vapours. In such a situation, pressure is
likely to develop in the entire system leading to blow-out
of vapours. To prevent -such an eventuality, th measurus
are neoessary:
1. An emergency water storage tank of adequate

capacity should be installed at proper elo-

vation with automatic gadgets which will, in

the event of power failure, cut-in the water

supply from the emergency tank into the water

system of the plant. When normal conditions

ere rostored, the emergency tank would fill

iteelf up and be ready for any eventuality.
2. The steam supply to the plant should be out

off when there is power failure. This can

easily be accomplished by means of a magnetio

or motorised valve on the main stoam line
serving the solvent extraction plant.

The extraation plant should be 8o located {n the factory
that a clear space of 50 ft. is provided all around the

plant, No compromise should be tolerated in this regard.



Further a solid, unbroken retaining wall should be ocon-
structed all around the extraction plant at a distance of
30 £ft., from the periphery of the plant. The area inside
this retaining wall is the "Prohib;ted Area", The aresa
between the 30 ft, and 50 ft. distance from the solvent

extraotion plant is the "Controlled Area",

Any aotivity where naked flame or fire is involved - such
as boilers - should be located atleast 100 ft, away from
the solvent extraction plant with the firing ond farthest

away from the plant,
Only sparkless tools should bewed in the extraction plant,

High importance should be attached to the proper mainte-
nance of equipment in the extraction plant and essential

spares should always be rbadily available.

The operators in the solvent extraotion p}ant should be
1nteliigont and alort, understand tho proocss and be
thoroughly briefed and trained in proper operation of the
plant, In partiéular, they should know what is to be done

in the event of an emergenoy.

A 1iberal supply of fire extinguishers of the !'Foanm' type
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should be provided at strategic plucos in the plant.

It is also desiradble to have a "deluge system" to bo used

in times of emergonoy.

As certain materials processed in the solvent extraotion
plant have a tendency towards spontaneous combustion,
automatioc sprinkler system in tho warehouses where they

are stored would be desirable.
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PLANT AND MACHINERY.

One of the oﬁtstanding features of the age we live in is
the remarkable progress in Soien;e and Technology. The
horizon of human knowledge is expanding so fast that

what was impossible yesterday is feasible today and what
was modern and up-to~date earlier becomes obsolete over-
night, Especially in the processing industry, technolo~
glcal advancement has a profound impaot. It is futilo to
expeot to do goqd business in the present-day competitive
world with out-of-date equipment or grandfather's techni-
ques. Therefore, while contemplating a new activity like
the processing of soybeans, an indispensable pre-requisite
is to survey the latest technology, machinery and methods

available and seleot the best for this new venture.

The situation is not quite so simple. Latest knowehow or
modern machinery may, in some cases, have to be imported,
as it is not available at present indigenously. In
sompany of the developing countries of the world, India
has an adverse balance of trade and limited foreign
exchange resources whiéh have to be utilized judiociously
for Defence, Food and many other essential requirements.

It is, therefore, natural that every possible effort be
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made ;or manufacturing as much of the equipment in the
country as is possible and reducing imports to the barest
minimum, In this matter there could hardly be any

difference of epinion{

We have, therefore, a-eituation where twe basio and
important oonaideratione have to be reoonoiled. While on
the one hand the scarce foreign exohange resources of the
ocountry have to be spent with ocare and circumspeotion to
yield best results, on the eeher a new industry should

net be condemned to oongenitel handicaps, which will sap
its oompet@tive etrength. The soybean processing industry
is no mere eommercial venturej both the products whioch are
produced - oil and protein - are artioles of food, Not
only are higher standards of quality eeaential in food
products, bet the price of the products should also be
reduced to the minimum in order to bring essential food
produete within the reach of the common man. Further, the
aoypean processing industry has a big potential in earning
foreign exchange as edible protein produote as well as
commerocial quality soymeal have a wide market outside the

A oopntry. In order to be able to penetrate this market and

capture a substantial ahere.of the bpeineso, the soybean
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processing industry should have inherent competitive

strength.

An objective view of the fecilities available in the
country tends to'the conoclusion that out of the six
bssio seotions of the soybean processing plant (vide
' page 24), the requirements of four - Evaporation of
tmiscella, Recovery of solvent, Finishing of Meal and
~Desoiventisation of marc - can be made from indigenous
sources in keeping with international standards., It is
only in the other two seotions - Preparntion and Extrac-
tion -~ that overseas assistance appears nocessary for the

present.

Proper cleaning of soybeans is a very important first

step in the prooessing aotivity. The importanoe of
.Jproper oleaning is generally not fully realised., As
substantial part,of the extraoted meal would undoubtedly
be used for edible p‘{wpoaes, either in the form of edible
fiour or as a raw material for other sophisticated food
produots, top olass oleaniné equipment is obviously a
MUST. The 4-Stage Cleaning Equipment, referred to elue~
where in this report, should be imported.
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.Qhe Crackers and Flakers are important piaoeé'of oquip-
ment in the,Preparatory Seotioq. Chilled ocast iron rolls,
used in these machineﬁ, of proper quality - approximately
550 brinnel hardness ~ do not éppear to be readily avail-
able in the country. Further, the ocurrent practice is to
have hydraulio drives for the Flakérs in order to ensure
finger tip control of the quality of preparation. This
aspeot is oritical, as their performance has a vital
bearing on the subsequent processing operations (vide
page 31). Such hydraulic drive equipment is not avail-
able in the country. Therefore, it is imperative thct

atleast the Flakers be imported for the time being.

With regard to the Extractor, for smaller sized plants =
100 Tonnes/24 hours of beans - indigenous extractors may
be adequnte.- It will be observed elsewhere in this
'report that the optimum ﬁize of the soybean proocessing

~ plant has been disoussed and a 250.Ton/24 hours plant
with facility for expansion £o 500 Tons appears to be

best suited for the industry. .The exéraotor,ie the heart
of the entire operations and is the most expunsive item in
the plant, It will be most advantageous to have even at

the start an extraoctor which ocan potentially handle
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500 Tons of beans in 24 hours so that subsequént stepping
up of the capacity to this figure could be achieved with

ease and faoility as and when required. No one in the

" ocuntry appears to be in a position at the moment %o manu-

‘facture & aingle extraotor to handle 500 Tons of boans &

day. - Thexefore, imporf of the extraotor beoomes nesessary.

Othss sundry items which noéd 4G be impopted ares Conti-

'nuous Weigher for determining the quantity of beans issued
“to the.prdoesaing'plant from bulk storagb and continuous
" bagging and sewing equipment in the Pinishing seotion.

In the United States thefollowing firms are well-known in

the soybean processing industrys

1. The.V.D.Ahdefson Company,
1935 West 96th Street,
Cleveland, Ohio 44102, U.8.A,

2. M/a. Blaw-Knox Chemical Plants, Ino.,
" .. One Oliver Plaza,
' Pittsburg, Pennsylvunia 15222, U 8.4,

3. The French 0il Machinery Company,
- Piqua, Ohio 45356, U.S.A..

4. M/s. Crown Iron Works Company, .
1229 Tyler Street N.E.,
. Minneapolis, Minn.55413, U.8.A.

All*o{ them have .been-contaoted.
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The V.D.Anderson Company, in their letter dated March 31,
1970 sfgteds "Ypur’priginal inqui:y to us regarding the
solvent e;trgotiop plant has been forwarded on to the
31aﬁ;xn6¥ Company, Pittsburg, Pennsylvania, USA, because
we are unable to manufacture a solvent plant for the
capadity oompetitivelf with the Blaw-Knox Company, henoce

we felt it best to forward your inquiry on to them. "

Mesqre.Blau-Knox Chemical Plants, Ino., in ‘their lotter
of March 23, 1970 stateds "Blaw-Knox Chemical Plants,Inc.
are engineering contractors.with more tﬁan twonty years
of experience in designing and building Qoybean and othex
vegetable oil seed processing plants. Wo have a consider-
able amount of proprietary equipment and know-how in the
oilseeda processing field, waeve:, we do not manufacture
the equipment and therefore Qe do-not have catalog prices
and the other information whioh you requested. From your
letterhead we note that you'are "Design, Consulting and
Conatruction Enginocrs". Ther;fore vwe aie certain that
yoﬁ undexstand tho large cost 1nvolved in preparing the
.gequeeted information and that wa-oould only work with
§oﬁ én a roimbﬁraable cost babie; "..Notw;thétanding
subsoquent porsﬁaéidhe; they haye not fufniéhod any

further information,
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Tho French 0il Mi1l Maohinery Company, USA, were ploased
%o éupply some data énd'lhfgfméiion, which ave reproduced
in Exhibit 'A%, They have also taken the stand that
further correspondence is ndt'Justifiéd uhlésé'fdrmali-

ties for import of equipment are completod.

Megsrs. Crown Iron Worke Company, through their oxport
agonts, Messrs. Du-Val Industrial Foroign Trade Corpora-
tion, Dallas, evinced a keen interest in the Foasibility
Sfudb. They wer§~éood enough to aréange e personal dis-
'ﬁusalon in India with one of their feprés;ntativoe in
ordér to explain in detail the merits of tﬁeir equipment,
.Tﬁey have also given a detailedlﬁropoéél for a 250 Ton/24
hours soybean procossing piant, whioh is repioduoed in
Exhibit 'B!', Mossrs,Crown Iro.n Works Company manufacture
bnlj the solvent OFtraotion p}ant propof and they do not
1manufaoture the equipmeﬁt for prepﬁration. finishing and

other sactions, -~

For Crackers and Flakers, Messrs.Ross Machine & Mill
Supply Plent, P;O.'Drawor.264§8, Oklehoma City, Oklae
'75126 are woll-known in U.S,A. They hcve also been

" pleased to send a proposal for their machines to suit 100,
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250 and 500 Tonnes/24 hours capacity. Their proposal is

reproduced in Exhibit 'C!,

For proper and effeotive oleaning of soybean, the
Forsbergs, - Ino., Thief River Falls, Minn, U.S.,A, have
been extremely helpful. Their equipment is very
impressive and reasonably prioed, Their propoeal is

also:‘réeproduced in Exhibit D',

is eulk etorage of beans ie envieaéed in the projeot,
preliminury cleaning and drying is deeirable before

they are stored for a long time, Forebergs Pneumatio
Secalper with a oapaoity of 2000 Bushels per hour

appears to be been suited.for the pnipoee.'.lt is priced
U.S8. 81354/— only without fan and motor. For drying the
beans, proposals from three firms have been received -~
‘Meesre.Aeroglide, 6300 Hillsboro Road, Box 1839, Raleigh,
North Carolina 27602; Clipper Dryexrs of Messrs, A.T.
Ferrell & Company, 1621, Wheeler Street, Saginaw,
Miohigan 48605, USA; and Meeers.Campbell Industriee, Ine,,

3121, Dean Avenue, Des Modines,: Iowa 50317, USA. The
abstract of their proposals will be found in Exhibit ‘B!,

.Fo: continuous Bagging and Sewing equipment, Messrs.Howe
ﬁiehaxﬁeon Soale Company, 680, Van Houton Avenue,0lifton,
New Jersey 07015, US4, have offenee a proposal, which is
displayed in Exhibit !B, ‘

. B
Indigenous manufaoturers who are in a position to offer
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suitable equipmbnttfor the aoybbén proocessing industry

-ares .-

(

o

. The

a) Messra, De Smet (India) Private Limited,
Post Box No.428, BOMBAY-1,

b) Messis., Servotech Engineers Private Limited,
* Post Box 6073, Colaba, BOMBAY-5,BR.

prices quoted by Messrs. De Smet (India) Private

Limited for 100, 250 and 500 Tonnes capacities as well

aeithéir speoifications for 250 Tonnes/éq hours plant

will be found in Exhibit 'G'. It will be evident from

their epeoiticationa that:

1,

No cleaning equipment for soybeans is provided

" for in the Preparatory Section.

2,

3

No provision appears to have been made for
processing and disposal of hulls,

Only a single stand Cracker with one pair of
rolls is indicated in.their specification, By
normal standards, this appears to be inadequate

. for the duty involved.

4.

5.

6.

7.

The same remarks apply to the single Flaker
in the specification. :

Grinding and Sizing equipment is absent in
their Conditioning Seotion,

Bagging and Sewing equipment is likewise
absent in their Conditioning Secodion.

Accessories and auxiliary equipment 1like
bulk storage tenks for hexane, emergency
water storage tanks, oil holding %anks,
steel struotures for the Preparatory &
Conditioning Sections, 2anels and eleotriocal
wiring materials for the Prep-ratory and Con™
ditioning Seotions, otec. are not inoluded in
their specifications,
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Alternative Is

Proposals from Messrs, Servotoch Engineers Private
Limited, Bombay, are appendéd in Exhibit 'H', They
have offered.four alternatives:

The "250/500 Special" Plant is basically designed
for ultimate 500 Tonnes/24 hours processing of
soybeans with 600 Tonnes/24 hours 'CROWN' Extraotor,
open air-steel building for the extraction plant
designed to house 500 Tonnes/24 hours equipment, all
the mechanical transport equipment in the Extraction
and Preparatory & Finishing sections are designed to-
handle 500 Tonnes., Complete Forsberg Cleaning Equipe
ment with Screen Aire, Destoner and Gravity Separa-
tion Units is included in the Preparatory Section.

2 Nos. Ross Hydraulic Flakers are provided. Two
pairs Krakers are likewive provided, In the Finish-
ing Section Howe Richardson Automatic Bagging and
Bag Closing machines are provided. The equipment is
oomplete with bulk storage tanks for hexane,
emergency storage tanks for water, plant day tank
for oil, supporting steel structures for the Prepa-
ratory & Finishing sections, control panels ard
electrical wiring materials in the Preparatory
section. The specification of of "250/500 Spedal®
Plant is reproduced in Exhibit. 'H'.

The-attractive feature of thie proposal is moving up
to 500 Tonnes production is accomplished with ease
and facility, The Extractor needs no change as it
i basically intended for high capaocity. In the
Desolventizing section, the Dexanizer-Toaster will
remain unchanged; spme auxiliary equipment will be
added in order to make this section handle the
enhanced capacity. Some balancing equipment will
also be required in the Miscella Evaporation seetion
for which provsion is made in the layout of the
plant., Likewise provision is already made in the
Preparatory &°'Finishing seotions for addition of
equipment. Thé cntire mechanical transport equip=-
ment is ad initio designed for 500 Tonnes capacity.

The overall merit of this proposal is evidenced by
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the faot that the total copt.of- the 500 Tonnes/24 hours
plant, including all the top class imported equipment
and despite heavy import duty eto., is still Rs. 1.5
million less than the fully indigenous 500 Tonnes plant
quotad by Messrs. De ‘Smet India Private Limited,

A}jg;ng;ixg___ Alternative II ig similar to Alternative I excepting
that provision for subsequent expansion to 500 Tonnes
is not made. All the imported machinery is identical
in both alternatives excepting that in Alternative II,
the Extractor is of 250° Tonries/24 hours capaocity.

Alternadvive In Alternative III, a basically indiéeﬁous 250 Tonnes/

111, 24 hours plant is proposed., Only oritical- oomponenta
and items not available in India to the value of 7.5%
of the value of the plant are to be imported,

Altexnative  In Alternative IV, a 100 Tonne/24 hours indigenous

v, plant is proposed. Only oritical components and
items not available in India to the value of 5% of
the value of the plant are %o be imported..

TILITIES: To Prdceas'2§0 Tonnea[24 hours of Soybeans

Power:s The oonnected load for the project .
would be approximately.1650 H,P, made up as
as followss

Preparatory Section .. 600 H.P,
Extraotion Plant. we 200 "
, Finishing Section™ ., 300 "
Cell Storage Section = . .
,including Wagon
Tipplcr, Bean Drier,

OtO. (N ] 300 " :
Wator Circulating i

Sootion . 100 "
Boiler House N ‘ee . 50
Miscéllaneous ' .se "100 ®

Total .. {850 B.P,
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Soybeans.

2 Nos. 750 KVA Transformers with the necossixy
H? and IT equipment would suit the requiremants
of the project.

Steam: The steam requirements for the projeot
would be approximatoly 4000 Kg./hour at

10 Kg./Sq.om. pressure in the plant allowing
for margin of safety. A Boiler with an svapo-
ration capacity of approximately 5000 Kgs. /hour

' .at 14 Kg./Sq.cm. prossure is desired. Package

type fully automatic boiler vould onsuro boet
resulte,

Watei: About 300 cu.meters of water would be
required for the project.

Those who have handled soybeans é:gw partioular attention
t& the hardness and abrasive nature o( the beans rasult-
ing in rather heavy wear and tear on many parts of the
equipmént. Flights of sorew conveyors are ruportcd to
have become razox-sharp within a few months of operation,
Ch;iled cast iron rolls of the proparatory equipment wear
awvay twice as fast with soybeans us compared to other

oil-bearing materials, Theretore, this specinl property

of tho beans should always be kept in mind in the choice

~of materials of construotion. I% also underlines the

importance of regular inspeotion and proventive main-

tenance in the operation of the plant.
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Transpord
faocilitieg,

Axg;lsbi;itx
of Power,

IQCATION OF PLANT, -

In %he:é@lqbt;on of gﬂpropérlbogtioﬁ for an Industry,

| Bbvegﬁl basio eonsiderations paﬁﬁjto be kept in views

La:go quantities of raw materials and finished products
have to be moved into and out of the féotory. Trans-
portation and handling costs are quite oonsiderable in
a“PiooeaeLng Complex of the type in view, Proximity to
& railhead, certaindy Broad Gauge, and if possible
Metre Gaugp as well, is an essential requirement for
the selection of faotory site, 4 private siding to the
factory site will be equally essential; as it is ex-
pensive, the shorter the distance from the railhead to

" the faotory, the better it would be.

' Pxoiimity to a highway and good access roads are
‘6dﬁally important as a substantial part of the goods are
'11able to be moved by road,

When fully developed, the Project would have heavy
requirements of power and in the seleotion of a site,

)

the availability of power and the facility of drawing\
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High tension lines to-the site should be borne in view,
The' coat of eleotrical energy is an equally important
consideration as it is a major component in the work-

ing costs,

Availability Plentiful supply of water would undoubtedly be

of Hater. required both for the process and for drinking and
washing purposes, Before the choice of a site, the
possibilities of obtaining required amount of water

should be checked and ensured,

Proximity to Soybean is a primary raw matérial for the Proocessing
basio raw : .
material. Complex. In view of the large tonnage involved,
storage and hanéling in bulk wouldiabviously be bene~
ficial., Creating bulk storage faciiities with neces-
sary mechani cal handling equipment at the projeot site
"is an expensive propositioh and in order to derive
maximum benefit, i1t should obviously be necessary to
receive the beans at the project site in bdbulk,
To make this possidble, theekaliéwing facilities axe
réquire¢z ' |
- ‘1. At th; farm ievel, facilities should be

oreated for storing soybeans in bulk along
with the necessary mechanical handling equipment.
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2, Suitable rolling stock should be avail-
able for transportation of the beang in
bulk from the loading centres to the
project site.

It is conventional for farmers in the country to bag
their produce and weigh the bags before they are
delivered-to-the buyer..JThis is an.age-old proocedure
which they may not give up easily in favour of modern
practices. It would fake a good deal of persuasion
for them to accept bulk weighing praotices. Further,
the farms in the country beiné small, it may not be
feasible to have bulk storage and mechanical handling
faocilities at e?ery farm, Therefore, suitably locatcd
centralised ocolleotion, weighiné and storage faoilities
would have to be oreated as the first step for bulk

' transportation of the beané. Some agency, like Co-
operative Marketing Sooieties, should exist to handle
this matter oﬁ & basis acceptable to the farmers as

well as to the processors.

The need for suitable rolling stock is equally
important, As mechanical unloéding is essontiil, the
type of rolling stock assumes importance. Hopper Cars,

as are'being‘used now for movement of minerals and ore,
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‘appeer, prima facie, suiteble :from .the unloading'pdiut; 

" of ‘view. Tﬁe-deaign of the ocart would havu to be
suitably modifivd in order to comvert it into a

closud and pilfor-proof oar and at the same time the
‘cubicel contents should be-adjusted to acoommodate. the
optimum load. Altbrngtively.-the-nfandard olose&iéééao
vagon oould dy used for thertraqcportation of beansg in
bulk praovided an und Rocker type wagon tippler is
{nstalled ‘at the unloading point. Further, an inlet

~ should b providcd ot the top of the olossd goods

wvagon.foxr loadipg in bdulk.

iiiféiifiiig In tho first purso, soybuan oil and éommercial 44% |
Linizhed meal uro likely to be tho finiched products available
produgts. '
for disposal., Vanaspati factories erv the concauure
for goybean oil, Thu m:al is dostincd for uxport im
the beginning steges. Distanco to the nearest Port

will b a considorat;op.



Proximity to
source of -
fuely

Proximity-to

a_township,

Favoureble
801l oondi-

tions,

Coel_or furnace oil will presumabiy be the fuel for the
-ﬁrojeot.uinisypnqq;throdgh,yhiogqghe.:uqlgwould havo to
‘be hauled toatﬁe factory is'a factor which needs ocon-

' eidepation.f

Reeidential1faoilitiea for. the ataff\gngyorkere of tho

brojeot'would.nndoubtqdly‘be'neoepegry{ To begin with,

- 4t may. not be feasible to orcate a private township for
* their living,i-Thorefore, proximity to an uxisting
- township woﬁld'be_a great advantago as ;ﬁ would elimi-

* nate housing probdlems.

In some locations disposal of efflucnts may pose a

problem, Though the effluents from the projeot do not

contain abnoxious materiala, nevertheloss facilities for
proper disposal wWould be necessary and this consideras .

tion showld also be kept in view,

in some areas tho soil ia’pdor and excessive and
expensive foundation would be required, ' It would bou
prudent, therefore, to survey the soil conditions

before the cholce of a site.
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S P Sl - oon-
EideratiEEs;

Thé Processing Jodplex:of :the-type envisaged is a large

“enterprise involving huge sums of money. The investors

are entitled to pursue their businuss puacufully, earn

a legitimate Foturn which should be adequate for the

growth and development of. the business as well as for
providing a falr return to the investors. A olimate of
peatd is obviously essential, While in establishments

"of this type eome problems with ‘labour are to be

expccied and should be faced and solved squarely, there

are unfortunately regions in'tho country shere labour

“unrost ig endebnic, caused by faotors unrelafed to .

employer-employee relations. 'Besides, some local

'Cévernmonts appar unable or qnwilling to afford the

type of protection to.which any oitizen in a oivilised

country is ontitled to. In the oiroumstances, a

-Yopical considerstion for entrepreneurs in the country

is a careful assgysment of the environmental olimate in

the region in which the projeot is to be located, It

would be unrealistic to underrate this considarationm,

temporaxy though!hye hope, 1t wi};'be.
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faotory Layout

Drawing llo.
207315Y 1793,

: PROTECE

. :The: !1rnt phauo o! tho Projoot 1i® doptgned to Procolo
1280 .Tonnea..of boyboano in 24 hours and prodnoo:

1. Soybqan 011, and
2.'Cobaércia1 Sbyneal or Edible Flour.

'?rovision 19 iode for exnanding t ° ~capecity of the

,_plant to 800 Tonneo at a lator cato, 2 resuired, aond

for tae aédition of othor prooosoing units either

for the 04l or,!or tho-Dotattod Hdeal.

_The lcyout of » tectory has to te ch}efully designed

to suit individual rcquiremont- and locatioas In
ordor to bigulicht tho consicerations on which a
!aetory is 124¢ out, a typical layout -is furnished
1n urawino Po.LOT:FY:?OB.

’,

' The private Raflvay Bidins enters the factory from

the left anc a weighbridge is provided for deter-

~'u161n5 thi'waight'of'inconinc and outgoing wagons,
‘whenever necessary, Thoro'arélthroo parallel lines
“in the factory orea, (Ome line serves the beans

nﬂloadinc varehouse (27), iieal Btoroge Jarehouse (e),

and the Raw 0il 3torsge vection (7). The other line

" is intended to serve e Seed Wcrbhouse (268), tae

Vanaspati ‘/arehouse {19) and the General store (16).
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The centre line 11 for the faoiiity of turnround of
St A PERERRYY e L oo
wagons in tie factory, It will be noticec t:at the
incoming and outzoing uztericls caw e oénvanidqtly

loaded into wagons in the Sicing.

'The factory also has'e Cood net<vork of roads, 10 motres
wide, The road system is so arren;ed that incoming
‘pmatericls can reech the desiznatec -oints end out-
‘going meterials can be »icied up rom the desig:aated
points with ecce and fecility., -In the cese of

Soybeans receive:. ty Roec, the trucie can drive in
straight into tie Uzloading i/arehouse (27), discharge
t;q loal enc crive out without any unnecessary

covemes:ts,

Adjacent to the urlozcing warehouse (27) is the 8ilo
Storcge Seotion (1) with 20 °iCCrsilos, each with &
capacity o2 2800 tons of beans.  -Zeed Jorks (2)
‘house the rechanical Tran,port Bruiszent, the
gnoﬁnatio Scalper a;d Boah'pr;o:.

“ho¥oss the road ac?{ o:-osite the Jead dorte ls the

Freoeratory Section (3). The Day Jin for beazo (3)
io situated alongside, 'The Solvent GLxtraction Ilant(4)
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is oonvonieatly located 50 feot avay. The Finishing
TN SO

Bqnipmont is allo located in ‘the seme building (3).
The packod bagl are to be ltored 1n the adjoininz

h.oal Jarehouse (8).

The Boiler touse (15) is nearer the propuscd Vancepati
Flant as high prolpu:e,stg;n,;o reggired there and
prilquro drop phon;d'be\avoigod,. The 3oiler Eouse
ciazmoro taan ;oo 2t,. away_ from the Extraction Flent,
vith the 2iring ezd fartheat from it in the interect
-of safety. There is enplo roon.tgy,ltorage of coal;
. {2 this be used as fuel, anc the storage yard is
. accessible both‘by Road a=< Rail,

The ';la:tlé'x'" Cooling and Fumping Instcllation (22) is so
located that it can serve the Extraction Flant as

* well _as.the future Vanaspati Plant conveniently with

.8 ;common Funp iouse housing all the water ciroulating

- pumpse - .

fhoﬁkiiatficil Sub-étation is at (18), it being

ali;;;a'that'tho digh Torsion powér would be received
..on that side. Obviously, the locetion of the sub-

ltaﬁipn.ypu}@,geponﬂfpponiﬁbe point of entry of

High Tension supply.
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Provision

for
Bxpanoion

The Bulk Storage Tanks for 0il (7) are so locatod that
oil_could be loaded 1ntq taak wagonwm 1q'tho 3icing or
1§to”tfﬁcks at the filliné koiht (24)‘wh5re there ia
ample space for parkiné of ;rhoke without interfering
with other traffic,

The General Stores is at :(16) with the workshop (17)
alongside. The.Office Building (23) is near the main
-entrance to the faotory and.adjacent to it is the Weigh-

bridge and Security Office (28).

It may be prudent to provido for alternato rav naterial
to the Solvant Bxtraction Plant at times when beans may

not be availablo. Provision hna beon made for an 0il

hill (21) convaniently located adjacont to the

Preparatory Seotion (3) and Seed Warehouse (26) has also

beon provided for.
t . ) :

Provision for doubling the cepacity of the Bean
Prooaosing Plant is nado in' the faotory leyout, The

Bean Btornge Aroa (1) has.apaoe for 10 more silos of

2500 tonn oach. The Freparatory and Pinlohina
Bection (3) heo provision for addition of extra equip-
ment at tho time of expanding the plant, The Solvent
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Extraotion Plant (4) has likewise ample space on two

3 ; RN

aiden for eXpansion.

It is quite on the cards ghﬁf‘ﬁ Qana;bgéi Plant may
be added to-the Projeot for.processing at site the
‘04l that is produced, ‘This has also:been provided
for-in the layout, The Vanaspati Plant proper (9),
the Packing and Cooling Room (20) and-tho Vanaspati
Warehouse»(19), the Cell Room |10} for gencration
of Hydrogen gas, the Rectifier Roon (11), the Low
Presauro Gas Storage (12), the Hdydrogen Compressor
Room (13) and the High Pressure Cylinders (14) are
all conveniently and compactly located at the
bottou riobt qnadrant of the faotory area, Here
also provision for doubling'the }apacity has been

made,
Evon atter provicing for all the forogoing, there -

19 otill adequato space on two aidee ‘of tho factory

!or future aotivitiee.
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Soybean recen-
tion, Eandling

ancd Storage
dection

Lrowving No,
L0T:588:116

Soydeans will arrive at the factor; either by rail or
by road, In the case of errivals by rail, th:e wagon
is groas-woighed on the weighbridge and saunted into
the unloading warehouse(27) in waich a wagon tippler

is located, Tae tippler mechanicelly unloads the

 wagon by tiltirz it to one oide anc rocking it froc

end to end. Thio special arrangerent is irtended to

handle closed 5o00ds wazons wiich aeve ride coors.

‘The hec=s froz tle vagon nre received in a hopper at

tte bottou ol wi:ich a belt coaveyor (3C1) 1s located.

The emcty wagens are again weighed and the aoctual

quantity of beans received in the facﬂory is worked

out anc recorded.

4

If the beans are to be tranonorted by road to the
factory, the trucks should be af the tipper/dumper

type which enable quick unloading of bullt materials

'by & tippirg mechaniom coupled with tae engine of tae

trucl:, It eppears that this type of truolczs ere ceing

nannfaotured in this couutry by Tata inzineering &

Looonotivo Company Liunited a.d by doyland rotors,

duite apart Irou tue spocial tioneru, it is uncer-

ltood that a tipping noohnrian is availavie ia the
country for about Ls.C ,000/= which could be isatelled
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on eny standard coiwercial vehiole vhica will onadle
‘the tipping of oulk cergo. The truck, which io wqighe&f 
- on ‘the woighbricco ot the eatrence to tae fectory, o
drives into tie unloadd:y warehouse(27), aligns 1tael£
to the hopper proviced over the belt conveyor (zc1)
and quickly empties the cargo using the tipping
mechanism, That done, the truck will érive eway,

tare weigh on the weighbricge and leave tke factory.

The beaas received on the.ﬁolt conveyor (:C1) ere talon
.up-by tae transverse belt conveyor (3C2) from vhiea
they oen be diverted to oither of tie two elevators
(Al_or £2). Atter boing elevatec to tae top, tiey are
~diverted to a large capccity Pneunetic Soelpcer, whose
function it is to effoct a preliminary cleaaing of
.the beans by elinination of trash, tvigs, leaves, eto,
It io always desirable to get rid of t-ose undesivable
inpurities before the beans are diverted to storage.

. Phe Foeunatic Scalper(Fl8) with e capacity of

~ 2000 bushels per -Lour coes this job eflectively.

3ofore divorti-" the cieaned beans to storage, it is
noconoery to adjust the mointuro content within
porbiaoiblo linita, If_in ropbrted that in countries

like tae U3k, the moisture content of the beans st
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‘the ‘time:‘of ‘Harvesting 'is 1icdle to: be. rather high
and they have .therefore to bo dricd before storage,
X2 :the beans oceuld be: harvested a little lator;
their moisture sontent would perhaps be reduced to
the desired.level, .but they are not able to de so in~
view:of the risk.of danage to. beans by frost, oto,
Jeather conditions in thie.oountrynaro:lenevhat
differont and it is boliovod that.the beans at the
time of harveating are ou!!iciont;y.dry to ggrmit
.etorage. - Cowever, in order:to avoid any possidility
of: dif2iculties on' this cocount;a Bean Drier of

1500 bushels per! hour is also located in Head Jorks (2).

If drying is not roquired tho Pneunatie Scalpor (FN8)
diuohar;ol tbe clonnod boans on to bolt convoyor (803) j
from which it is carried over to belt convoyor (nc4) :
or (305), as roquirod and divortod to the particular
nilo in ahich they are to be .torod. If, on the

othor hanu, drying is reguired, tho beans from the
Inouuatio Sealper (FN8) are divortod to the Drier
(DYR) whic: 1s deoiznod to roduce’ the moisture content .
from 13 to szﬁ The cried bouno are roceived on
b;lt oouvoyor (308), vlevated by the second elevator
und divorted to the douisnatod utlo vta belt

-

oonvoboro nca, 4 or &,
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' When the (beans ‘are:to,.ha issuod for procesoing, the
“dobt;ﬁatodfi{woidiachaggoauon the ;belt convoyor bolow
'(B07 or‘ayhand'ﬁsnlhg2!#p'306uthnou¢h:EI or E2 to tho
Déyvbtnf(loo)wviasiho:qvorhoaduscrow;oonvoyor (0sac) .
Xe drying of -arrivale ‘is _not required, charging of
tho"silos. and-iosuos to tho.Dsy.3in.(100) can ba
hhhdlodflinultany9u91y¢j'Ifudryinczin, howaver,
'requited| such a simultaneous;operation is mot
possible unless o. third elevator is inetalled, But
-this appocr; unneccoscry as issue to the Day Bin
takes relatively: 1ittle timo and can bo hendlod at

. & conveniont part.-of the daoy,’

ratio ' Beans fron the Dc& Bin (100) paoa ovor o magnetie
rewin e

8 18 aoparotor (104) for elintnotion of tranp iron cnd

are roooived on -the Vibrating Soreen (101), This

‘\

doublo deoker vibrating soreen eliminates foroign
nateriul lnrger and -nallor than tho beans in
;liso. In oddttion, 8 pneunutio nrrangemont 1ifts
lisht 1npnr1ties. It the boons ore intendod for
oonnoroial proconoina, thoy aro olevated to the
Vaurgo bin (105) and panood through the Weiging
Gonlo (100) to tho Crookor (107). It _however, the

bonna are 1ntondod to be prooonoed 1nto edible.
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productn, they are diverted to the Destoner (102)
whioh olininatea stonen, glals and othor neavy
inpuritioo. Tho lower traotnn:of the ‘?{scherge from
Delto;or is 3ravity pure boana vhich aro olovated
to the snrgo bin (106) The top fraction containing
invnritioo are diverted to the Grovity Table (1034),
where final elinination of 1npuritiea takes place.
The cleaned boana diaohorgod from the Grovity Table

:(1084) join the' stream going to the surgo bin (108),

In the oraokoro (107) the beans oro " broken into
approximately 8 piacos. In this ocorntion, the hulls
3ot loosened fron tho parent material, If commercial
meal is to be produced, tho orackec beans along with
the -hulls aould go forword for subsoquont oporntiono.
It woulé, however, be ,h veferadle to pasa the croékod |
Dbeana and hulls through pneumatio gcalpor for broad .
lo}uration of bulls and take beans alone for condi-
tioning and floking. In this case, the sparcted hullo
ore grounc in a Gricdor (113), toacstod in c Toaster
(114) o roovived in bins 118 & 118 fron wilek they

are added back to the defatted meal vefore pzeking.

I¢ edible quality products are intendod, -eppratlbgﬁjﬂ

:‘of: hulls from the beans must be complete. In this
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tion.

Dyewin
8

case, the mixturo of craokod bouno and hulls fron 107
are roooivod 1n o Shnker-Soparntor (108) from which
tho bulk o! tho hulla aro anpirated into the

Cyslone (109). The beens freotion is then roceived

| on o Gravity chlo (1038) for conplotc romoval of

residual hullo. Tho pnro bonns from 1038 thon poses

'~.y"""

- o the Conditioning Seotion,

The clegned beans -are heated and-conditionod in the

_conditionor (111) aftor whioh they ore flakoed in the

Ylakor (112). The flaked bennn ere thon transported

Yo the Solvent Extraeﬁion Plant by the Rodler

'convoyo: (186) 4

"The preparatory equipment, cs desoribed obove, would

generally bo' arranfjed as dopicted in Drowing lo.LOT:
PRF180, It will be evidont froh the drowing that
provision of opace hcs been made for the addition of
extra machinory for doubling tbg'oopaoity of the
pliht. The drawing aloo shows the arrangemont of

equipment for the manufocture of IMull Pct Soyflour.

The flokod bosns from the Froparatory Scotion arrive

in the Bolvent Bxtraction Plaut by tho feed conveyor

:*(186) which ¢idoiorges inte the feed bin'(201)
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throuph the rotury velve (200), Fron the bin, the
flakes poan into tho thrnotor (202) Tho passage
througu tho oxtraotor involven c aoaking stoge in
“the downwa*d ;t}etch of the loop, a counter-current
washing stoge at the bottoa of the loop, o socond
.soaging otage in the upward bend of the loop ard o
fiﬁal wnohing'otage with frosh Qolvént at tho top
paft of the idép. after tinol woeuing, the extracted
flaken pass through & drnining aoction to the
diecharge bin (203) and through the solvont tight

conveyor (204) to the doaolventising nection.

From the solvent tight conveyor (204) the extracted
-morec passes through the rotary valve (208) into the
Dosolvqntizer-Tooster (208). 4s described clsewhere
in the roport, the bulk of the solvent ioc flecshed
"off in the top compartmont qf tho Toastor cnd as tho
material runs down the other s%ages, complete removal
of solvent as well as toasting oporation take place.
‘The desolvontised and toaoted meal is discharged into

the keal Conveyor 1986 through the plug osoal convoyor
(207).

The miscella from.tka oxtractor (202) is received in

' the: miscella rosurvoir (232); frow wafoh it ie pumped

19


http:misoella-from.tA

“into - the Dcononiaer Unit (240) 'In this unit, the
ivc;;urs !ron the Desolventizer-toaster (208), atter
:being sdruboed in tho Sorubber (210), elso entor tho
'Economiaer Unit (240) The nisoellc 10 ropidly
icirculated in tho ooonominer unit by means of a

large capncity circuluting puwp., The niscolla gots
hoated utilising the hoat qt the vapours frou tho
Déoolventiiér-Toésf@r aad pesses into the Flasher (241),
in vﬁich fﬁq.niaqallu ond the noivent vapours are
oeparcted. The pro-éoncontrated niscella is tcpped

otf trom the discharge of tho circulatins sunp to the
primoary. evaporator- (233) where it undorgoes further
concontration and 16 received in‘the flasher (234),
Atter seporation of the flash vapours, the ooncéntratod
miscolla fron 234 passes into the secondary evaporator
(235) -for fincl contentration before being received

in the flasher (236). The oil from 236 is finolly
stripped of all solvent in the final stripper (237)

and ‘then cischarged to storage.(238) :through & pump.

The vapours from the f1cshor (241) cnd (234) are con-
densed in a condonser(216)., The vapours from the
etrippor (237) ore similarly condensed in o condensor

-(217)%: - The uhcondensed vapours from 217 aro rocoived
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in 216 and the unconderded vapours f£rom this condonsor
is ‘received in condensor-211; -This ‘condensor 211

also roceivas tho vapours from the Desolvontigoer-
Toastor (211) via the economiser unit.(240), 211 is

the final surface condenser in tho vapour circuit,

The uncondensed gases fronm 211 pass through a contaoct
condonser (212) to the adoorbor (213) where the
solvent  vapours aro adsorbed in an oil medium, Thero-

after tho residual gases are vonted to atmosphore,

The condonsate from the oconomiser unit (240) and
condensers (217, 216 and 211) aro received in o .
water .solvent separator (218)., The separqﬁod-sglve;t
overflows in the solvent reservoir (231) from";hibﬁ~ :
it is rocycled to the process, Tho water separated
in the water ;olvent soparctor io roceivod in the
effluont flasher (219)-vhere.aol§ént vapours, if any,
ore flashed off and x_-eia;{?ex-gd and the woter is die-
ghanOQ to .ewo?il

‘fa‘ the ‘solvent recovery system, vegetable or mineral
oi} is usod as o modiun for adasorption and recovery
of solvent vapours Zrom tho vent gascs. After

- adoorbing solvent in the odsorher (213), the solvent-
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rladenéoilriseetrippqd;of,eolyqntﬁgg the solvont
:pevoporntq;,(214) cooled in s sglvent, cooler (215)
: and returned to the adsorber. Tho .oil is recycled
"jin-the recovery system.similar to.a rofrigerant

.in.a refrigeration.gystem.

.Progresoively increasing vacuum is maintainec in the
miscella eypporation system hy means of a sorics of
steen evacuetoto,ahown.on the drawing. Aloo, sub-
atmosphoric prescure is maintaired throughout the
" plont,
Typical laoyout Typical layout of the solvent oxtraction plant as
of Extraction

Plant - Drawing described above is dopicted in Drawing No.i0T:SEP:81.
No,LOT:SEP:81.

. Finishing Section The dofattod meal from the. Dexanizor-Toaster in the
‘Drg. FLSIFIN:89 : .
, solvent oxtraction plant is transported to the

_ Finishing Sdctidnfbj the ‘Meal Conveyor (196) and
dumped into the Intormediate ioal Bin (350), Tho
convoyor (106) is of the vontilated typo so that '
partial coolirg.of thke mocl is ochioved, From the
bin (350), the moal passes on to tho Vibrating Scroén
Ho.1,. which generally has 16 mosh screen, The

:moterial pasoing through tho screon is diverted to
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A
.. v,

the leal Coo}er (353) _The matorial passing ovor

the -soreen ia roooivod in Grﬂndor No.1, which is
gonorolly 8 1ow .speed grinder."Tho product ofter
grindins is reoeivedrgn.V1brating Scroon No.2 whioh
generolly has 14 mesh soreen. The notoricl passing
,;tﬁyoqqglis es.gyugl.Q%verteQ'?g the Meal Cooler (383) .
‘,TQ343n§0r§al.pgssjng over the scéoep is roceivod in
\Grindor No.2, which is o high speed jrinder, which
"r§11 cgpél;ff}ypéﬁﬁggfnpia{} ;he nefgriul to the

..., Yoquired mesh,

"' The ground meal froﬁ tho-‘pheceding section ia woll

' oboled" 1n7 the kioal Cooler! (353) and ‘after cooling

' th; materinl s received in-tho Intbrmodiate Moal

“Bin (356). From this bid} the finished moal anters
the Mixing Svrew Conveyor, The dockage fron the
cleanink’ équipment in-the Freparctory Section
(except motal, glass, etc.) is ground and received
in Bin No.118. The ground and tocsted hulls from
the Preparatory Section is stored in Bin No.116,
In the case of commorciol quality 44% meal, it ie
custonary to add baok the dockage and the huils to
the neal. This is effooted by dosing in the dockage
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und tho hulls 1nto tbo mxxiné Scrov Convoyor. Thero-

'a:tor tho nroc.uot £oes to the nutomstie Gogging
L T S A

.and Jeighing unohino. Ueighed bags cré moved over

. ahort bolt to tho soving nachine’ for the closure of

the mouths. Tboreofter, t&e bags go ‘to storage.

A TS
A !
.

If Soygr;t;.o;d ;oyélour hre deéired they could
.also be pr;&uléa'with aomo minor variations in the
~ process, Deponding on th 'sizd of lgrit recuired,
Screon No.2 10 ndjustod and what posses over the
soroen 1p oolleoted,al grita.: Vhén Soyflour of fine
" Hosh’ 1o’ 8abired, .the mpterip) coming out of the
* Grindfing Seotion .ig fgrthqr;gulygrich in Mioro
" Pulveridots befare-copling in,the Hpal Coolor 353,
ﬁThefdattér,'the.ngal ip;handled in a ribbon eonveyor
" whero' the $nquaroﬂ,quagﬁity.prfnt'pr locithin may

“be dosod in; The final product is packoed ae usual.
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PROCESSING SOYBLANS IN EXISTING
EXTRAGIION PLANTS

Quite apart from the creation of new procsssing facilities,
it is'but natural that the'éxisting facilities should be
utilised wherever possible for processing soybeans by tho

addition of supplementary equipment.

Basiocally only modern continuous solvent extraction plants
are guitable for processing soybeans. Abodt half of the
total number’'of extraction plants in the country are of
the continuous type. About 60 plunts will lend themselv.s

to éonveiaion for processing soybeahs.

Modern extraction plants procegsing expeller oakes would
require the following additional equipment in order to
enuble them to process commercial quality soyboan meal:

Estimated Price.

Rs.

1. Bean Cleaning equipment 50,000
2. Bean Conditioner 45,000
3. Flaker 100,000
4. Toaster 65,000
5. Grinding & Sizing equipment -° - 85,000
| 345,000

6. Modifications, ereotion
and installation 55,000
TOTAL N 400,000
L r 117 1]

The above estimates are based on handling 100 Tonnes/24

hours of soybeans with minimum of additional equipment,
125






ggggg_m 1AY - EXTRACTION PLANT ~ .The Freneh 011 Mill Mechirezy Coi,
. S -+ PIQUA, OHIO, 45356, L A.. oo
e 11~ -29 o

INSTALLATION 60878 OF SOYBEAN SOLVENT EXTRACTION PLANTS,
; . 200 Tona. 300 Te 500 Tons.

1. Prooeaaing equipment, starting ,
with hean cleaner and bean soale, .
including production of ‘50%
protein meal, &esign and engi-
neering and supervision of the o .
ingtallation and start-up $-490,000(1),.8.605,000(1) $ 780,00(1)

2. Installation of equipment,
inoluding freigh%, foundations,
extraction, preparation and
meal grinding buildings, boiler
and boiler house, bean day bin,
0il storage (one week)- and mea) -
stotpge (two days). . $ 330,000(2) 8:413,000(2). $ 550,000(2)

3. Total installed cost of proces=-
8ing equipment, Does not in-
clude land; bean unloading,
drying or storing; service
buildings; roads, fence, raile-
roads, transformers; cost of
bringing utilities to the areaj _ T T . _
fire proteotion; taxes. $ 820,000 -31.0185000_;;81,}50,000

4. 3Bean unloadink, drying, oonvey- .
ing and storage. - $ 640,000 s eoo,ooo ’1 , 500,000
. (800,000 bu.) (1,000, 000: bu. (2, ooo 000 bu.)

5. Apprqximate total installed
eost, Does not include land,
service buildtngs, roads, fence,
r#ilroad tracks, cost .of bring-
ing utilities to the area, fire - S . S
proteetion or taxes, . $1,600,000 $2,000,000 -$3,000,000

Unit Cost Figureg

1. Railroad trackago coats ebont $14. per foot, not including fill,

2, OCyclone fence, 6 ft, hizh costs about'$s. 'por foot,

3. A deluge fire protection system for the extraotion plant oosts
about $20,000, About 4500 g.p.m. of water at 90 Psig. muet
be supplied,

(1) For 1970 add aboud 10% to equipment pricea, add 20% for export
crating and inland and ocoan freight and insurance,

(2) Installation costs are’up about ®5% in the U,S., but costs in India
shiould be less because of lower labour cost. Figures shown may be
as good as any,

(3) For 100 Ton capaeity, use 75% of 200 Ton figures,
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EXHIBIT 'A! EXQBACTION PLANT - The French 011 Mill Machinerj CO..
s " PIQUA, OHIO 45356, U.S.i.
Ma}' 18, 19700 .

Speoifioation of Extract-on and Deeolv»ntizing .
- Equipment for Soybeans to ’roduoce Ctude Edible
01l and Meal for Animal Feed.

.-

) Tons per-day - % _Job o 'ésd - -506 .

1, FRENCH Stationary Basket Extraotor — .¢-:. .. ...+ ... .
Size 4310 9319 4419
'Feed conveyor: with plug bBeal - Size SaoogWL e 28 14

_ - HP o W2 -2 3
Extraotor drive - HP S R B RS |
Pioker drive - BP T T2 .2

Note that speoifications tnclude
motors and drives, sight and light
glasses, internal piping, solvent
and migcella distribution system,

2, Stage pumps, inoluding solvent

pump, and full miscella pump .5 6 6
3. Spent flake conveyor-mass flo type-hP.,: 3. . T 10.
4. Seal conveyor - size : LA LA P
- HP 23 5
. 5. Desolventizer-Toaster v .o
o Ac Unit, - Kettlos - number 4 . 87 4
- intermediate
height, inches 3. .- 36 . 36
- top kottle . :
height, inches 48 50 -1
Diameter, inches 85 . 100 100
Speed reducer Frenco~ 29" 11NT8 ' 9NTB
FLo H,P, , 40 . 100 5
B. Vapor sorubber - diameter 48" éo" 72%
C. Rotary discharge valve - None an gn .
D, Piping, valves, fittings and traps Yes Yes = Yes
'6.,0ohiveyor to meal dryer- mass flo type-HPNone ~ None 5
7.Rotary steam tube meal dryor- size -— " =- 6'x300
- HP r - 15

PRICE, FAS, NYO, Crated for Export ~ $749,000 $235,000, $265,000

The above does not {nolude preparation equipment, oonveying to the
extraotor or away‘from the extraotigy crea, solvent or oil recovery
equipment, instrumenth, eleotrical wiring or lights or motor oontrols,
insulation, access platférms or structural supports, utilisies, ocean
froight, taxes ox dnty. _
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EXHIBIT !B CROMN SOLVENT EXTRACTION PLANT:

" Information furnished by: DU-VAL-Industrial Foreign
: ‘ *  Trade Corporvation,
" DALLA8, TEXAB 75205, U.S.A.

Enclosed we are sending you a typical quotation for a
. Crown plant for direot extraction of soybgsans. The price
for a complete plant as described in the typical quotstion
the sizo of the extractor and of the desolventizer-
toaster will of course vary with the oapacity) is as '

follows:
A, 100-ton Plant $ 180,000,00
B, 250-ton Plant $ 210,000,00
C.  400-ton Plant . $ 264,000,00
D, . 600-ton Plant $ 304,000, 00

- If you wish to buy an ‘oxtractor ‘and a D=T only and build
‘the separation equipment looally, the following prices
will apply as per our ocable:

Extraotor  Desolventizer-Tosster

A, 100-ton . § 60,000,00 § 42,000,00
B,  250-ton § 77,000,00  § 5%,000,00
O, 400-ton $102,000,00 § 61,000,00
D, 600-ton $119,000,00  § 78,000,00
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EXHIBIT ‘B* (Ognt'd) o |
A_TYPIOAL SPECIFICATION - CROWN SOLVENT FXTRAQTION PLANT:

Information furnished by; DU-VAL Industrial Foreign Trade
’ Coxporation, c
5421 North Central Expressway,
DALLLS, TEXAS 75205, U.S8.A.
their Export Agents.

CROWN, SOLVENT EXTRACTION PLANT FOR 250 TONS OF SOYBEAN

one (1) Crown Series 250 immersion and percolction type extraotor,
approximately 3' wide x %3' long x 28' high, indluding all
necessary pumps, motors, and flowmeters. A variable drive
io controlled by an Accuray nuclear sensor for proper flake
level control. A flake inlet hopper for mounting the Acocuray
will be furnished which can be made to fit specifications as
to height. This extractor will be completely fabricated and
pre-assembled in Crown shops to assure accurate assembly in
the field. All piping and valves for the extractor will bde.
furnished. We will pipe the extraotor in our shop, mark the
pieces and disassemble for shipment.

Ono (1) Crown desolvontizer-toaster, 102' diameter, six trays high
with top tray 48" deep and the remaining four trays 30" high.
Bparge steam through sweep arms in top kettle. Sweep arm
wear points are stellitcd for wear resistance. Tray vent
alose ooupled and made of stainless stcel. Main drive thrust
bearing frame mounted on desolventizer~toaster for proper
ghaft alignment and longor wear. Jones vertical shaft speed
reduotion drive, 75 H.P., motor direct coupled. Fabricated
stoel motor and drive base. Desolventizer supports and
anchore.,

One (1) Crown centrifugal solvent spray vapor wash with non-clogging

vapor duct mounted dirachly on desolventizer-toaster.
\

One (1) Bustion type combination meal cooler and conveyor including -
high velocity cyclone with replaceable woar plates, rotary
seal, drivej blower fan, base, drive and motor; meal conveyor
tubing and air duct. 100 feet maximum distance to be con-
:gzed. hn extra charge will be made for any distance over

feet,

One (1) Bpecial hot meal eonveyor to carry meal from the desolvantizer-
toaster to meal oooler, complete with drive,

Qne (1) Vot meal vapor tight oconveyor system to oarry solvent wvet mesl

from the extractor to the desolventizer-toaster, inocluding
hopper, spouts, drive, and mounting.

130



EXHIBIT *B' (Cont'd)

One (1) First stege evaporctor builb with stainless steel tubecs to use
beated vapors from desolventizer-toaster and steam from vaocuum
ejectors to remove solvent from oll, including float valves,
pump, and fitted with a swirling vapor doma.

One (1) Stripping column, Crown jacketed disc and donut type, including
float velves, oil pump, and vacuum ejeotor, and fittod with a
demisting type vapor dome. * .

PR

One (1) Crown hydroclone miscella olerifying ayatémA inoluding fléw;
meters, high pressure. pumps, and miscella tank.

L R .
one (1) Vertiocal typse desolventizer condanser built with stainloes.
gteel tubes and baffles.

One (1) Fddr-paas horizontal type evaporator condenser built with-
stainless steel tubes and-baffles, sized to operate under
partial vacuum for steam cconomy.

One (1) Crown solvent air separator system complete with atripping
column, absorption column, minscral oil heater, mineral oil
coolqr, pumps, flowmetcrs, gouses and vacuum 9jeotor

One (1) Combination solvent work tank.and solvent water sepa ating
deocanter including reoycle pumpsy solven@ pump, and flowmetors.

one (1) Waste water reboiler to remove aolvent traces from waste water.

. All necessary solvent and miscella preheaters as well as
miscellaneous pressure, temperature gauges, ejectors.

A1) valves, pressure regulators, traps, safety valvcs, and
prossure gauges for our extraction equipment.

All motors will be Clase I, Group D, explosion-proof.

We will furnish such enginegring layouts and drawings as are roquired
for the proper installatign of the proposed equipment and make preli-
minary plant layouts. A @chematio tlow sheet will be provided for

piping the equipment.
We do not furnish steam, water, solvent, vapor or oil pipingj fittings,
drain piping, excopt as noted, olectrical wiring; switchesj ereotion

labor or tools, foundations, insulation, grinding or sacking equipment,
building structures, solvent, oil or msal storage.

Guarantecs:
Capacitys 250 tons of soybean per 24 hours,
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EXHIBIT 'B' (CONT'D)

:

Shipment:

Guarantoess (Cont'd)

‘. Extraoted maal shall eontain less than 1% rosidual oil by

weight on a 12.5% moisture basis and shall be-commercially
free of solvent.

Extracted ol shall heve a closed oup flash point of
300°F. or higher.

If plant is operated in the rated guaranteed capacity in
accordance with good operating practices, the solvent loss
ghall not be more than .4% of the weight of the materisl

N 4 . -

prooéssed.

Steam requirement shall not exceed 900 1be. @ 125 P.S.I.

_per ton of material processed.

Wator requirements shall not cxcced 300 G.P.M. of 60° wall
water or 900 G.P.M, of water from cooling $owor colled to
within 2° of wet bulb temperature.. e

shall be completed in 2)proximately six nonths,

TOTAL pRICE NET'FAS UoSo PORTQQooocoo00000000’210.625000

This proposal is guaranteed for sixty days, after which the price is
subjeoct to review. ’



EXEIBIT 'C' - CRACKERS & FLAKERS - Ross Machine & Mill Supply Planty

. P,0, DRAWER 26468,

_OKLAHOMA CITY, OKLA, 73126, U.8.A,

ROSS TWO-PAIR HIGR CRACKING MILL, furnished
withis01lid roll type feeder, V-Belt diffex-
entigl drive and guard, split hoysing for .
eany rQil.repoval, soybean rigld feed gate and -

Ross-AsMatio feed roll drive, 2-7/16" journals - -+=P.r % o o:
double row spherical roller bearings with "ﬂﬁtf""'--"TSEZI"“

R

tapered adapter:: . = .
. U

100 Tons/24 hre, ROSE 10x30 1 No. $ 5520,00

250 ans/24 hra, " ~qu}0< 2 Nos. - $§ 5520400
©\500 Tons/24 hrs, " 10x36 3 Nos, $ 6030.00

e, . L. )
ROSS HYDRAULIC FLAKING MELL, furnished with
base extension, heavy duty V-Beltdifferen-
tial drive and guard, vibratory feeder, .
_eplit main housing for easy roll removal,
hydraulic power unit with pump and motoxn, .
accumulators, hydraul{é tontrol and fit-
tings; Turn Tuff Rolls ground to oustomer
gpecificatiens, 5-15/16" journals in the
bearing area and double row spherical
rgllgr bearings: - S

100 Tons/24'hra.  RPSS. 20x30 1Mo, .= . $16310,00
.. 250 Tona/24 hre.i -* . 20x43 2ANos, $17805.00
500 Tons/24 hre. ¢ '20x42 3 Noei' . - $17805.00

PRICES F.0.B. OKLAHOMA OITY/'3 BOXED .FOR EXPORT.
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EXHIBIT 'p' = CLEANING EQUIPMENT - FOSBERG INC.,
—— THIEF RIVER FALLS,
;. MINNESOTA 56901, U.S.A.

: Cleaning System is basically -comprised of four
pleces of machinery - the Pmeumati¢ Scalper, the Soreener or
Soxeen-Aire, the Destoner, and the Gravity.Tdble, Thesdr .-
purpose is as follows: :- I : . e
Pneumadic Scalper - first in the receiving line to remove

. dust, dirt, leaves, twigs, eto,

A,

Soreén-Aire - to scalp off all foreign material larger than
4 ' the soya bean and to ré&move all produots
smaller than the soya bean through the bottom
soreen, such as sand and other heavy fines.
Thig unit can be used either with or without
the aspirator unit, The aspirator unit on
the erd of the machine does however, remove
more dust and dirt through the air liftings
as well as to remove lighter, inferior product
which we will call sotblings.

Stoner - the purpose of this machine in the flow line is to
remove all stones, metal, glass and any other
foreign material that may happen to be the same size
as the soya bean, . This machine also contributes
greatly to :he capasity of the entire flow line by
enabling to send the bottom portion of the bed of
material on the Destoner, whioh usually is® gravity
pure, to finished-produet bin. Than the top cut,
in this case arbitrarily set at 40%, which contains

" most of light product and lighter impurities, is
set to the Gravity Table for final finiching.

Gravity Table -~ this machine does the final Job of making the
moredifficult separations, 1i.e. separating
good product from foreign matter that has a
close specifie gravity. We do also make
Gravity Tables in totrlly enclosed vaouum
type models that provide a dust free
operation,
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| SQYA BEANS - 3 LINES

"AM 100 tons per 24 hou:-day-- 8,400 1ba. /br, . 150' bus /b

. "B". 250.tone per 24 hour day = 21, 000 ibs./Mr. = 360 bu./hr.
"G" 500 tons per 24 Wous’day = 42,000 1be,/nzs . 750 bu. /hr.

Line "A" . ' ; " Line- "B" : Lo ginp wen
100 ¥f£5724 hrs, . - 250 Tons/24 hra, - 900 Tons/24 hre.
458 Pneumatio Soalper ' 458 Pneumatio Soa]per - 458 Pqpumatic Soalper
24 x 48 Soreen-Aire 46 x 48 Sgreen-Aire ’ 60 x 84 Soreen-Aire
or ) o o . . or

Soveener . -Screener . _ Soreener

40% 40% (8,400 1ba.)  40%
H-4 Destoner (veouuz). .. AK-S\pestSner . 2.~ H-8 Destoners

G-4 Destoner (pressure) : L ;

10-M Gravity Separator ~ 2 - 12-M Gravity Sepa- 3 - 12-M Gravity

(to handle 3,360 p,p.h.) Y- - - rafors. : Separatoxrs
h ' (16,800 1bs./nr.)

0
Wt

$ 8,495 T g3970 0 $22,978
F.0.B. Thief River Falls, Minnesota, U.S.A,

FOR THE BEAN STORAGE SECTION:

PNEUMATIC SCALPER, Model 668, to handle . |
2000 bushels per hour withoup fan;&.motég _;,’3,?;354;00~
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E - - AFROGLIDE CORPORATION,
A - B - e TLSEOR0. HOAD,

RALEIGH, NORTH CAROLIFA 27602, USA.

AEROGLIDE oontinuous flow. soybean driex for reducing moisture
-content,of* beans by 3i5% (13.0 to 9.5%) from clean, unfrozen
8qybeans eomplete with: ~ = BEECRERRETR B e

“ ce .0

. . * des e o -, . T,
“Prerwelded: podular tower seotions with hot air and exhaust
air duot system; .o ’ B

Fan house with separate control room and walk-in door%;
Backward~-ourved, heavy-duty industrial fan,

'Eéﬁualiy operated OIimaie:Compenaator for vtgyiné‘&ry}qg
and cooling.air ratis to give maximum capaocity under
_Prevailing weather conditionsj e

“Top and bottom inspection dooie;
Fill oap and discharge. hopper assembly;
With low graih level indicator;

Drop-bottom Power Discharge with eight self-cleaning
rotors and one Y2 H,P, TEFC 3/460/50 variabls. speeq -
pover unit for adjusting discharge rate té& suit grain
oconditionsg

011 burner for fuel oil (CS12-48 standards) complete
with oil oirculating pump, automatie operating and
- Bafety controls, combustion chamber and refractories;

Faotory pre-wired dust-tight control panel with start-
Btop push-button stations and indicating lights;

Access ladder and service platform;

Fan drive arréngement complete with sheaves, budhings
and V-belts, but less motor and base;

Standard operating and safety controls inoluding
tgqporgture limit switches for hot and exhaust air.
duets, thermobtat controller wnd flame supervisory
system; '

5 metrio tons/hour with 30 B,P, TEFC 3/460/50/1500
motor premounted on drier fan, NEMA Size 3 across-
the line magnetio starter inocluding overload heaters
and start-stop, push-button station pre-wired into

oontrol panel. .o oo o § 22,052,00
12,4 metric tons/hour with 60 H,P, Motor and
Bt&rter. (X ] ()] (X ' 40,378500
24,9 metrio tons/hour with 60 H,P. Motor and
Starter, e .o § 68,160.00
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XHIBTT 'E' - BEAN DRIERS o CAMPBELL INDUSTRIES, INC.,
: 3121 DEAN AVENUE, -
DES MOINES, IOWA 50317, USA.

CAMPBELL continuous flow grain dryer for reducing moisture
content from 13 to 9Y2% at 200°F air temperature inoluding:

* GRAIN TOWER, weatherproof oonstruction, reinforced for
self-support in 100 mph, wind, with UNI-FLOW dividers
to prevent- cross flow of grainj multi air duot grain
tower design for most uniform drying of grain; hand hole
access deors into each air duct in grain tower; complete
alarm system with a thermostat in every air discharge
opening to shut down dryer and sound alarm if exhaust
temperature io excessive; access ladders; mechanical
unloader with fluted rolls and 1/3 H,P. motor and drive.

DRYER UNIT completely pre-assembled, faotory test-fired
unit with fans, burner and controds; 36%2 SWSI backward
inclined blade, non-overloading coentrifugel, drying fan
with volume damper, cooling fan on same shaft, Hauk air-
atomizing fuel oil burner for B85 SSU viscosity (minimgm)
fuel oils; 5:1 turn down ratie, 5,000,000 Btu/Hr maximum
burner capacity; fuel oil manifold with solenoid safety
valve fuel pressure regulator, fuecl filter and fuel
pressure switch; Gas pilot and manifold with elcotric
ignition, solenoid valve, and gas pressure rcgulator;

fuel pump V-belt driven by coroustion air fan, pressure
relief valve and strainer; combustion air fan with V-beld
drive; combustion air manifold with volume damper and air
pressure switch; control panel Do include drying air
temperature indieator/controller, ultra-violet main f{dame
supervision, electronic pilot flame supervision, electronie
flame controlled relay, drying air flow ewitch, high drying
air temperature limit switch, grain flow control; motor
oontrol panel, ete.

250 Tons/24 Hours .o $ 15,926.00
50C Tons/24 Hours . $ 21,250,00

PRICE: O0.I,Fs Indian Poxt,
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EXHIBIT 'E! < . BEAN. (DRIER§ = A,T, FERRELL & COMPANY,
' 1621 WHEELZR STREZT, -
SAGINAW, MICHIGAN 48605, USA,

»onnpm cmtm nmrm, on.-rmms -
300 bushels per hour (2oo 'I‘ons/24 avuses ve v .9, 430,00
750 bushels per hour (500 'I‘ona/24 Boura) - § 26,670,00

1500 bushels per hour (1000 Tons/24 Houra) oo $ 41,950,00

.x_ . . . N
ICE; Boxed for Export, F,0,B. Saginaw,
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EYHIBIT 'F' - BAGGING & SEWING - IIOWE RICHARDSON SCALE COMiaNY,

One (1)

Prices

One (1)

Prices

One (1)

Prices

one (1)

" Price:

Y 680 VAN HOUTElN AViNUE,
CLIFTON, NEW JERSEY 07015, U.S.A.

100 to_250 tgnszzg hours:

Hewe Richardson model GA-17 Belt Fed Automatioc Gross
Bagger with a speed of up to 4, 50 kgo. or 100 kgs.
bags per minute; having an acouracy of within 2 gigma
plus or minus 120 to 180 grams. Arranged for operation
on 230 volts, 50 oycles, 3 phase.

Export packed F,0,B, Clifton, N.J, .. § 2496
Inland freight F,A.S. N.Y. ‘ oo 18

Howe Richardson Uni-Pak Bag Closing and Conveying
SBystom consisting of a 6' -~ 6" long variable speed
sonveyor with 12" wide 3 ply rubber covered ocanvas
belt, adjustable heizxnt sewing pedestal and model
B80600E heavy duty sewing head, Arranged for operation
on 230 volts, 50 oycles, 3 phases This system to be
used in conjunotion with the above seale.

Export packed F.0.B. Clifton, NiJ: .. § 1777
Inland freight F.A.S. N,Y, .o 18

500 %ons/24 hours:

Howe Richardson model E=5010A Automatio Bagging Socale
consisting of a belt feeder, 4 oubic foot capacity

waeign hopper, discharge hopper, a.:.d model G-30 air
oporatcd dust-tight bug holder. The scale will have a
speed of up to 15, 50 kilo bags ver minute or 8, 100

kilo bags per minute having an accuracy of within 2 sigma
plus or minus 120 grams., It will be arranged for an
operation on 230 volts, 50 cycles, 3 phase.

Export packed F,0,B, Cliften, N.J, .. 3 6995
Inland freight F,A.S, N,Y., vessel . 40

Howe Richardson model GA-11 bag sewing conveyor having
a length from 7' - 12' (adjustable in 4" increments);
12" wide rubber canvas belt; and a variable speed from
25' = 42' per minute, Arranged for operation on 230
volts, 50 cycles, 3 phase.

Export packed F,0.B. Clifton, N.J, .o § 1348
Inland freight F.A.S. N.7. vessel oo 16
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EXHIBIT *F! (Cont'd)

One (1) Howe Richardson mode¢l G-25A sewing podestal complete

Pricet

with model 80600E Union Special heavy duty eewing head;
sewing pedestal with a vertical height adjustment from
20Y2" minimun to 48" maximum; horizontal adjustment
range of 8"; the sewing head is supplied with a variable
speed sheave so that it can be synehronized with the
speed of the bagging eonveyor., Arranged for operation
on 230 volts, 50 oycles, 3 phase.

Export packed F,0,B. Clifton , N.J. .. § 1657
Inland freight F.A.S5, N.Y. vessol oo 16
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EXHIBIT 'G! - SOLVENT EXTRACTION PLANT - DE SMET (INDIA) PRIVATZ LTD.,
KHANNA CONSTRUCTION HOUSE,

44, MAULANA ABDUL GAFFAR 10AD,
WORLI, BOMBAY-18 WB,

100 T, Plant.

250 T, Plant,

500 T, Plant,

Preparatory Seetion 6,10,000/= 11,95,000/= 23,00,000/=
Extraotion & Doeolven-g '

tising Seotion 8,52,000/= 16,75,000/= 33,00,000/=

Distillation Sebtion 4,50,000/= 8,80,000/= 16,00,000/w

Conditioning Section 1,80,000/m 3,00,000/= 4,85,000/=

Total Re. 20,92,000/= 40,50,000/= 76,85,000/=

eSS sEEam -.“--q.--- SEAEEaNSNeN

-§PECIFICATION NO, 10[01[02[SEP:

- e Wk M < MBSOy

- 800 o emmun

- adun

for raw materials, totally enelosed type fitted with
inspeotions doors and elevator chain complete with
driving mechaniss comprising of TEFC motor and starter,

Totally encloced type with larger inspection doors’
corrugated rollers supported on heavy roller bearings.

fitted
with special belliville spring washers to take care of

LiUSK SEPARATOR with necessary aspiration arrangements

Ttem 3?:;' DE SMET CONTINUOUS EXTRACTION PLANT.
PREPARATORY GROUP

EI 1 FEED ELEVATOR FITTED WITH MAGNETIC DRUM
Magnetio drum complete with reotifier unit.

703 1 CORRUGAT..D FOLLER MILL
fitted with asingle pair of chilled cast iron hard
Machineries are complete with driving mechanism,
shook heating.

H8P 1

for removal of husks,
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Specification (Cont'd)

-ve BB O WD I B DM OO LW IAB S 4 B GNPV B B RS WA G TR

B 0 P W e GBS b G Cst  SAls B 8 s Dt 4D

TEMPEROR .

In M.S. welded construction with jacketed shell with
conveying paddles fitted on rotating shaft mounted on
heavy duty roller bearing with necessary live steam
injeoction device, complete with driving mechanism,

for orisping the raw materials by indirect heat of
steam with jacket bottom and with an arrangement for
steam injection with scrappers in each stage by
central shaft. Each stage provides with vapour tight
inspection roller and the item is complete with

totally enclosed type fitted with smooth chilled cast
iron rolls supported on large roller bearings with
adjustable scrapers for roller cleaning and with
special devices for adjusting rolls distance fitted
with belliville washers to avoid damage to the rolls
in case of acoidental passage of hard foreign material.,

for maximum length 25 meters is fitted with special
conveyor chain and fitted with alloy steel wearing
straps. Special arrangements provides to cool the
material simultaneously as it is being conveyed.

Comprising fan, TEFC motor, V-belt driving mechanism
air conduoting pipe vith adjusting slide and starter.

of special construction for reeovering eventual dust
produced during cooling process with oonnecting air

Item. Quan-
tity,
707 1
768 ‘1 DE SMET COMBINED CRISPER CHAIN CONVEYOR
driving mechanism,
704 1 FLACKING MACHINE
Complete with driving meehanism.,
708 1 DE SMET REDLER TYPE CHAIXN CONVEYOR
Complete with driving mechanism,
736 1 FORCED DRAFT DZVICE
714 1 CYCLONE
pipes and supports.
D 1 ROTARY VALVE
to be mounted under the oyolone.
57. ‘ Neocessary connecting air ‘pipes and duotings.
CE 1

Necessary transport equipment inside the preparatory
seotions. ‘
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Specification (Cont'd)

BB P E BTl W B O H Sowe s . - G @ St B0 40 ¢ O % wmos

Item Quan-
R 2 ) e e e s s 20 Someas e s S mare e b s b emmne

EXTRACTION GROUP:

8a 1 INLET ROTARY VALVE

for feeding the raw material to extraotor to complete
with chain drive and driving mechanism,

2 1 FEED HOPPER
of welded mild steel construction.

2a 2 BINDICATORS
EP, fitted in item 2 above, with actuating liner for
» blowing horn to warn the operators about the low or
high level raw material,

3 1 DE SMET COJTINUOUS ZXTiiCTOR, Type (18-12-9)‘
with miscella hoppers, circulating pumps (p3) with E.P.
motor, piping, atomizer, plug, valves, sanpling valves,
heaters, rinsing device with automatic syphon, manholes
and eight glasses, driving arrangement with varispeed
device, including E.P. motor, gear box and drive. This
unit fitted with rotary brushes, rotary scraper, special
mochanical seals, complete band conveyor compriging
cover joints, perforated plates, metal cloth and special
links. Type Spcl ( 250/500

2 1 SOLVENT-TIGHT IJTERMEDIARY MEAL CHAIN
CONVEYOR - fitted with special alloy steel wearing straps,
special conveying chain including gear box with EP motor.

&b 1 1. TERMEDIARY ROTARY VALVE
fitted with special mechanical seal, chain drive, driving
mechanism.

10 1 DESOLVENTISER TOASTER

in mild steel construction, with jacketed bottom for
indirect heating of the material with steam, comprising
of number of stages, each stage fitted with ingpection
door, scraper and feed regulator all governed from central
shaft, complete with driving mechanism.

8o 1 JACKETED ROTARY VALVE

fitted with special mechanical seal, chain drive, driving
mechaniem,
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Speocification (Cont'd,

Bl WO UMD Br st 4 4O B PO N Wb s ) LMD PP SOt o

-
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DRY DUST CATCHER - whero applicable of welded mild steul
construction, including driving moochanism with gearbox

WET DUST CATCHER - in mild steel construction fitted
with sprayers, sight glasses and safety syphon, to wash
the vapours from the desolventising unit with hot water

shell in nmild steel construction and tube system in
Brass complete with supports, floating head type for

FINAL GAS COOLER in mild steel construction with
atomizer to scrud the uncondensed vapours with cold

fitted with sight glasses, manhole, hcating coil and
thermostat to control the temperaturc of outgoing waste
water at 80° to 90°C, in mild steel construction.

of welded mild steel construction, with manholes and
supports, including level distance indicator,

working on tie rising film principle, shell in welded
mild steel construction and tube system in mild steel

for enouring that no oil goes along with solvent vapours

Item Quan-
tity.
28 1
and E.P, motor.
29 1
for removing dust.
20a 1 HORIZORTAL SURFACE CONDENSER
20b 1
easy removal of tubular bundle,
30 1
water for contact condensin-,
45 1 SAFETY WASTE WATER DESOLVENTISER
DISTILLATION GROUP
17 1 MAIN MISCELLA TA. AND DICANTER
18a 1 DE SMET MISCELLA STILL
with supports.
18b 1 SEPARATOR
in M.S. fitted with sight glasa,
19 1

HORIZONTAL SURFACE COWLINSER, shell in mild steel ocons-
truction and tubes system in brass, complete with
supports, floating head type, for easy removal of
tubular bundle,
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Specification {Cont'd)

Item

Quan- -

tity

24

22

23
"324/B
" 34

41

604

§OB
120

1

-h

OIL HEATER - shell in mild steel construction and tube
system in mild steel for raising the temperature of the
oil with thermostat valve to control the temperature

of the oil.

STRIPPING COLUMN - shell in mild steel construction
fitted with mild steel internals, with sight glasses,
supports and atomisers for spraying the oil,

SURFACE CONDENSER - Shell in mild steel construction and
the tube system in brass with supports, floating head
type for easy removal of tubular bundle.

MAIN AUD SAFETY WATER SOLVENT SEPARATOR
in mild steol for separating pure solvent from water
received from condensers by gravity decantation.

SOLVENT RECEIVER in mild stcel construction to reoceive
fresh solvent from item 32A/B prior to transferring the
same to extractor. .

STEAM EJECTORS

for maintaining vacuum on condenser and apparatus to
ensure vacuum distillation and stripping and for
effocting economy in steam,

NHOTE: Items 17-324/B-34 and 45 are combined in a
single vassel with several compartments,

STEAM ECQ.10ISER UNIT

De Smet Economiser Unit for tho effective utilisation
of the heat of vapours comning out from Desolventising
seotion for ne~ting up ziscella before being fod to
the distillatic: sectior, Bhell in .S, construction
tubular bundle in cupronickel fitted with necessary
nozzles and supports,

SEPARATOR FOR ECO.{0i{ISER

SOLVENT RECOVERY Cit0UP

S2ECIAL RECUPERATIIG UNIT WITHM stainless steel
'intornals' fitted with mechanical scal, along with EP
motor, EP push button, ear box and complete drive.
Shell coustruction in mild stecl; for absorbing the
solvont vapaurs from the vent air to minimise the
solvent loes.
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Specification (Cont'a)
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ABSORBING MISCELLA ZVAPOIATOR in mild steel oconstruction
working under vaguum, oomplete with motor and drive to

ALL THE MILD STEEL PIPES WITH FLANGES, GASKETS, BOLTS,

ALL THE STEAM TRAPS WITH STRAINERS, SICHT GLASSES AND

Item * Quan-
tity

180 )]

7 recover the solvent from the oil,

181 1 SURFACE COOLER for cooling the absorbing oil after
~distillation with double coils in heavy gauge pipes,
ACCESSORIES:

50 ALL THE WATER VALVES

51 ALL THE SPECIAL VALVES FOR SOLVENT, MISCELLA AND OIL
CIRCUIT .

52 ALL THE STEAM V.LVES

54

: XUTS AND BE.DS.

56
AIR VENTS,

58

CONTINUOUS DUTY CENTRIFUGAL PUMPS specially designed to
handle pure solvent, miscella, oil etc., required in the
plant with spocially designed mechanical seals, with base-
plate and drive and E.P.motor and push buttons,

Pl - For transferrins fresh solvent from item 34 to the
oxtractor - {tem 3, -

P2 - For transferring the back washed miscella from the
hopper to the extractor.

P} ~ 8et of pumps to oirculate miscella of different
conocentration in the extractor for oounter-ourrent
washing.

P8 - For transferring miscella from miscella tank to the
distillation columns,

P15 = For treneferring miscolla from extraotor to the
Misocella Holding Tank.

P18 - Por transferring ooncentrated miscella (oil) from
evaporator to the stripping ooluan,
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Item

Quan-
tity

[}
¢

62

-

P19 - For transferring condensate [rom vacuum
condensers to the solvent miscella separators.

P22 - For transferring final stripped oil to the
storage. :

P29 ~ For oirculating hot water from Dust Catcher to
the Waste Water Boiler for sorgbbiné the gases.

P180 For ocirculation of absorbing oil {n the
recuperation system.

P63 - For transferring solvent from solvent storage
tanks to the plant.

P60 - Foroirculation of miscella in the 6conomiee: unit,

SPECIAL'MEASURIHG AiD AUTOMATIC SAFETY COWTROL DEVICES:

a - Miscella Flowmeter t> control the flow of miscella
to distillation column. )

b - Steam.Reduoing valve to control the pressure of
steam in distillation seotion. :

o - hutomatic temperature regulator as desoribed
supra, for.controlling t:ie te:perature 'of finel oil
and wastc water fron the plant,

d - DMotoriued Stean Valve (electricazlly actuated steam
N valve, in £.?. construction to cut off the steam
automatically supplied to the entire plant in the
.event of ‘power failure or in the event of failure
of cooling water supply.

e - Electricaliy actuated Thermostat to warn the
operators by visual and audible signs in the event
of excess vent *emperature and inter-locked with
motorised staan valve to cut off the ateam
supply.

f -- Pressiostat - clectrically operated to stop the
plant entirely 1. case of steam failure in the -
Desolventisers, thus eliminating the chances of
undesolventiaed meal going out to the packing.

]
!

Upderpresnuve indicators.
£e olal dial tharmometers.

b~
L]

{ - Pressure and Vacuum Gauges

147



Spboification {Ctd..)

PUBILH Bt D CEP VO I B BTER W Bt o b B EeaBm -

Ttem Quan-
tity . o a _ S
' _i - A11 guards for driving mechanism
k - Lubricating devices, with grease nipples, oil
oups and greease gun.
1 - A1l sight glasses for the piping
. m= 2 sets of spark-proof tools required during
o maintenance of plant,
n - Caution Boards.

72 All E,P motors for the driving mechanism and pumps to
be installed in the extraction building as hereabove
mentioned.

734 COMPLETE SWITCHBOARD

' with enlightened sketch of the plant, fitted with
ammeter and control lamps,starters, fuses for the apparatus
mentioned hereabove, equipvod with sequencing of
operations, visual and auuaible indicators for faults,
if any, developed in the rrocess with interlocking
system of safety devices,

738 411 E.?2 2USH BUTTO.US AlD SAFETY SWITCIES
for motors and light fixtures of the plant.

138 AUTOMATIC SAFETY DEVICE WITA HORN AuWD VISUAL SIGN
warning operators in case of motor failure.

' 15 EP CABLES aiD LIGHT FIXTURES

' for general lighting of the building and internal
lighting of apparatus.,

97 OPEN AIR TYPE STLZL STRUCTURE

for main Solvent Extraction Plant with all supporting
structures, platforms, stecl floors, trusses and
pentroofs, gangways, stairs and railings, columns

for uupporting a corrugated asbestos type roof and
anchorage bolts and extra staircesc, but WITHQUT

. asbestos shcats Qor the roof aud pentroofs and

foundations,

#O0TE: 1. The quantities againat Accessories will he’
supplied in accordance with our prefcrroed
arrangemont for the above capacity plant,

2, The term "Explosion-proof" as used here is
synonymous with the term "Flame-proof",
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36

39
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Ttem Quan-
tity
CONDITIONING AND CONVEYING SECTION

"MEAL COOLING CONVEYOR - Max, length 25 netres

fitted with special device -ensuring the cooling of
the meal by air and conveying chaih including TEFC
motor, gear box, chain-drive, driving mechaniem,

DRY CYCLONE

in mild steel construction for recovering eventual
dust produced during cooling process, with connooting
alr pipes.

ROTARY VALVE to be mounted under the cyclone,

AIR FAN

ensuring the aspiration of the cooling eir through
cooler conveyor, including air ducts, with adjustable
sliding doors, V-belt driving mechanism, TEFC motor.

FINLL WET CYCLONE in mild steel with sprayers and
supports.

DE SMET TWIN SC.EW HUMIDIFIER

in welded mild steesl construction with supports,
stainless steel cover spraying devico, water flowmeter,
including TEFC motor and gear box and drive,

GRINDAR )
for grinding the meal to suitable mesh complete with
driving mechanism.

REIVRKS: We reserve the right to alter the spooifica-
tions, wherever found nocessary, in the light
of later developments subjeot to the condition
that the overall pérformance of the oquipmont
remains unalteredd
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DE_SMET CONTINUOUS EXTRACTION PLANT
‘ WARRANTY

CAPACITY: expressed in metric tons/24 hours.

Nature of Material . 0il Cond, . _¥in, Capaci®y

SOYBEAN SEEDS 18 %o 20% '. 250

- e D BB et Al - Y Byt BIErAGa. + O+ P .o W -

The plant will be able to run satisfactorily at capacities of 20% above
these figures, but warrantees of deoilings and solvent losses will not
apply in this ocase. .

RESIDUAL OIL CONTENT OF EXTRACTED MEAL:

SOYBEAN SEEDS Less than 1% Praotically 0.7%

Analysis to be made with the solvent utilised in the extraction plant
following official AOCS METHOD.

SOLVENT CONSUMPTION:

SOYBEAN SEEDS. Less than 0,7% by weight of entering
material.

All Varranties apply simultaneously to the indicated capacity of the
plant and are to be calculated for full period of 140 hours during whioh
properly prepared raw material, steam, water and electricity will be
supplied under abovesaid conditions and without any interruption,

Once the warranties are so demonstrated, ipso facto, all responsibili-
ties on the part of Vendors shall be deemed to have been fulfilled and

20 further claims of whatsoever nature or description shall be #nter-
ainedo

UTILITIES:
STEAM CONSUMPTION:

Extraction: Less than ?OO Kg/ton (880 1bs/ton) of entering material

Dry steam at 6 atm abds 85 Peig) provided corroct insulation of piping
and apparatus following our prescriptions.
WATER IN CIRCULATION: 55,000 gallons/hour at 30°C,

POWER CONSUMPTIQN: about 40 Kwﬁ/ton. MAN POWER: ONE MAN,
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EXHIBIT 'H'

I,

1.

2,

3.

SERVOTECZ ENGINEERS PRIVATE LIYITED

P.B.6073, Colaba, Z2ombay-8,.BR

Cables: "SERVOTZCHd" - Fhone: 212006

SOYBEAN. PIOCESSING PLANT ~--  PROPOSALS

"250/8600 SPECIAL" Initial capacity

280 Tonnes/24 hours but with built-in
capacity for 500 Tonnes/24 hours in
some sections,

FREPARATORY SECTION

with imnorted Forsberg Cleaning Equipment
for edible products manufacture, Ross
Eycdraulic Flakers 2 los. and SSRVCTECS
Krakers 2 Hos, two pairs, Conditioner,
Feed Conveyor fronm Preparatory section to
Solvent Zxtraction Plant designed for

500 Tonnes canecity, Kulls senarating,

grincing ena toasting eguipment, wechanical
transport equipment desipgned for 500 Tonnes

in 24 hours capacity, all tae supporting
steel structures, electric control panel
and wiring.

EXTRACTION SECTION

with ir-orted CROWN Extractor 600 Tonnes/
24 hours capacity anc SERVOTZECL
DEXANI4ER-TOASTER, stainless steel
Vaposcrubber, Cendenser and connecting

piping.

SERVOTECH Miscella Evaporation seetion,
Trifun system, Solvab system, open air
steel building with columns, beams, plat-

forms, railings, staircases, trusses,

purlins, etc. designed for 500 Tonnes
capacity plant, Bulk storege tanks for
hexane, iuergercy water storage tark,
Day tank for oil in the plent, electric
control pancl and EP electricals,

PINISHING SECTION

with keal conveyor from Dexanizer-Toaster -

desipned for §00 Tonnes cecnacity, Neal

Coolor, Gripcing and Separating equipment,.

mechanical transport equipment designed
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1,462,030

1,764,970

778,000


http:onbay-5.BR

] R
for 500 Tonnes ecapacity, imported
Howe Richardson automatis Bagging
pachine and Bag tlosing mdchine, 560,800
enceeceee 4,562,000
Addifioﬁal-egufpgent for-stog;ing-ug the .
capacity of the plant to 800 T/24 hours.,
Preparatory section ' 650,000
b) Extraction section 680,000
Finishing & Grinding Seotion * 300,000
' cedecees= 1,600,000
TOTAL COST for 500 Tonnes/24 hrs. plant .. 6,162,800
NOTE: An import licence for a value-of | aessssses
US $100,000 would bo required for the import
of naohinery.
Import licence value for expansion would be
U8 £36,079.
II. "250 SPECIAL"
Same as above, but witbout provision for .expan- ,
sion to 500 Tonnes capacity. 4,012,000
. NeSESaene
'NOTE: An import licence for a value of USG148,000
would be required for the import of machinery.
II1I., SEIVOTECH 280 Tonnes/24 hours plant, indigenous, 3,385,800
) Seussaesng
NOTE: Import liconce for 7,5% of value of plant is
required for importing oritical components not
available in India,
IV. SERVOTECH 100 Tonnes/24 hours plant, indigenous, 1,900,000
L P12 1L 111 |

All prices indicated above are net, ex works Bonbay.

NOTE: Import licence for 5% of value of piant is
required for importing critical components not
available in India,

the supply of material for the processing plant is complete,
foundations and civil works, orection, installation and insulation

are not coverod,

In all cases
Only

The steel structures for the Extraction, Freparation

and Pinishing sections, Bull storuge tanks for licxane, Emergoncy

Hator Storage Tank, Day tank for oil in the plant, complete electrical

ocuipment and wiring not only in the Zxtraction section but Freparatory
ond Finishing scctions as well are included in the aupply.
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SPECIFICATION FOR "250/500 SEECIAL' SOYBLAN
Po0CESIIG PLANT .

S1,lo, ) o ' .. Depeription ' guantity

I. PREPARATORY SECTION.

ELECTRO MAGNETIC SEPABRATOR 1
complete with Rectifier unit, TEFC motor and drive

2, FORSHERG SCIEEN AIRE UNIT ' 1
with woven wire soreens, ovorating at high speed,
with pooitive drive ccceatrics, with facility to
adjust scrcening separction and air separation
indepencently of cach other, circular movement of
screen creates continual turn of the product so
that there is always total contact of the pzoduct
and scrcen, complete with 3/4 HF drivo and
ventilator.,

3. FORSBERG VACUUM DESTONER 1
in all steel constyuction with built-in stratified
floatation scparation of purities, complete with
3/4 P drivo and 15 P vectilator,

4, FORSBePG VACUUs: GRAVITY SEPATLTCIRS 2
in all metal construction, with rubber-bushing sus-
pension and deck adjustuent system, with enlarged
non-splitting return legs, with improved counter-
balance drive anc éalibratea markings on all coatrols,
designed for dust-free operation with 10 HP motor,

.78 SERVOTECH KRAIIERS 2
in all steel frame, two pairs chilled cast irom
fluted rolls moving or heavy rollor becerings, with
gap adjusting device, feed rollor and v-belt drive
with two TEFC motors, gecr boxes and drives.

6.  PCRSIERG FNSUMATIC SCALPER - 1
for soparation of hulls from oracked boanl, oonpleto
with 8 UF ventilator, ,

1. SERVCTECH TELFOCONDITIONER , 1
in five stages with double bottows, with REVINJSCTION .
device, lovel regulating device, motor, gear box
and drive,
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8.

9,

10,

11,

12.

1.

2,

3.

4,

R0S8 20x42 IYL.AULIC FLAXINIG LILLS -

with heavy duty V-belt differential drive and
guard, vibratory foeder, anlit wain housing for
easy roll removal, hydrouiic power unit with

pump, motor ond accumulatore, hydraulic control cna
fittings, Turn Tuff rolls ground, with double row
of spherical roller bearinge, with 100 HP TLFC
motor and drive, :

S8ERVOTZCH FELD CONVEYOR

with prossed ateel casing, special alloy steal
chain and guide straps, with toneioning arrangenont
and driviug arrangomont with gear box and EF

notori

GRINLER | -
for hulls with motor and drive.

TOASTER
for hulls with TEFC notor and drive,

All the necessary mechanical transport oquipment
vith elevators & scrovw. conveyors designed for
800 Tonnes/24 hours, ceoacity, comslete with gear
boxes, TEFC motors and drive,

I1. EXTRACTION SECTION

BATOSEAL ' - :

foed valve for vaintaining a pro-dptoruined rate of
feed to the Extractor and nroviding a vapour-gesl,
comnplete with chain drive (off the Foed couvoyor).

FEEDOBIN
mounted on the Extractor for holding feed stock,
complete with light end sight gleeooo. .

CROWM EXTRACTOR - 600 Tonncs/24 hrs.

percolation type, cpproxinately 6 ft. wide, completo
with vari speed drive, with an Accurcy nuclear o
sengor for proper floke lovel control, couplotely
pre~acecnbled before dospatch,

DISCLLRGLIN

for roceiving %ho extractod nnﬁeridl discharged by.
the Lxtractor, - '
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7.

10.

11.

12,

1,

KISCILCULLTING FRIFS
all-iron construction, avidably srouped anc ériven
by &P motors Zor frcoh solyent feod to tiae lxtractox.

"end niocella ciroulation,

8ERVOTITS CCIIVEYOR

solvent=tig:t construction with SIRVCSILL for trane-
porting tho extractod mcterial fron tac Dischargbin

to t:c Dexecniser-Toaoter, conplete with EF notor and
drive,

RATOSEAL

feed valva, for proper regulctior of feed and provi-
sion of vcpour seul, coupletc with choin drive (off
82RVOTITE CUIIVEYOR). -

DEXANIC I-T0485T3R

specicl vertically nounted, nulti-pan construction
with double bdottonms, stean hoating arrangenent wvith
open otean c¢iffuser covice, with SiRVOSILL closure,
with heavy c;it..tor assembly, gear box and drive,
with special LIVSLLUGATCiL devices in caca ncn, ieed
discharge correlcting arranga:ent, ete,

P?USO Gl
harge coaveyor couplete with drive,

VePOSCRUIDIR
in estainless steel conatruotion, for aecrubbing
vcpours free of svawunded dust,

DX CONDLiISCR
nulti-pras cartridge type shell cnd tube condonoor ]
with uile otecl shell and brsao/oupyo nickel tubos.

LIX0 COCLER
for final cooling of vent before entering Solved

Unit,

FARMEVAFORLTOR o,

nild steel body, tudbuloturo in rilc steel, sppo!aily\
designed for rapid prinary evaporation of nisvelld.
using low pressure stean,
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3.

4.

1.

8.

9.

10,

11,

12,
13,

FAD4 L SEER

nild steel constructior for cyclone~-separation of
privary flash vapours, with light and sight glase
fittings, connlete with entrainnent separator.

S:SCONEVAFORLTOR
siziler in construction to FRIMEV.POILTOR for
seconacry corccntration of oil,

SZCONT'Li.SETR

sinilar in construction to FPiIAFLASHER for separation

of socondary flash vapours,

FATFINISZLR .
specinlly desizned for suger stripping ol residual
solveat in the Zinishing oil, operating under high
vacuun, rcilé stcol boldy, interncls in nild steel,
conplete with iight and sizht plasses.

MULTUS:S CCilblISOR

pulti-purpose, multipass cartridge type shell anéd
tube condensor, body in nild steel, tabulature in
brnss}cupro nickel,

8ZCOLIT.a'50n
aeconccry condensor, ecce &8 avovo.

MIV..CW.TCR
triple ovacuctors for aanintaining the desired multi-
level vacuur on the ovaporation systen,

MITRINPUPS
all-iron ecentrifugcl punps, sutably grouped for
drive by LP notozgsl conplete with baso frano.

MIRESZERVOIR
nild oteol construction, for reception of niscella

frou the Extrooction section cnd foed to tho Zvapora=
tion section,

AQULRSEFLELTCR :
opocizl unit for offective aqua-hexanc separation,

ATZNV0In, plont rceervoir for hoxane,
EFFLLS.ER

thermootatically eontrolled dovice for flesh-
rocovory of solvont in process offluent,
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14,

15.

16.

17,

18.

19,

20,

2.

22,

MIRATOR " 1
direot-i..dicating device for control of rate of
evaporation, '

TEMPEGULATORS 2
for thermostatic control at strategio places in the
process,

TIFEXCHANGER 1
multi-pass cartridge type, specially designed for

most efficient heat exchange between the Desolven-
tizer gases and the miscella, shell in mild steel,
welded construction and tubulature in special alloy.

TIFLASHER 1
mild steel wolded construction, for centrifugal
flashing of vapour from miscella, with special liquo-
baffles, with 1light and sight glass fittings,

TIFCIRPUMP ' 1
high throughput all-iron circulation pump, complete
with EP motor and drive, for ciroculation of misocella
through the systenm.,

SOLABSORBER 1
horizontal model, shell of mild steel construction,
with water cooling device to dissipate exothermio
heat, shaft in stcel, mounted on special bearings,
vapour-tighteness ensured with SERVOSEAL, intsrnals
in stainless steel, complete with EP motor and drive.

SOLEVAPORATOR 1l
vertical model, in mild steel construction, with steam
heating and stripping devices, specially designed for
stripping the absorbing medium of absorbed solvent in
two stages, complete with light and sight glasses.

SOLCOOLER 1l
in mild steel construotion, designed for efficient

heat transfer between the hot abgsorbing medium and
cooling water, reducing the temperature of the

former to the desired level appropriate for optimum
performance in tho SOLABSORBER,

SOLCIRPUMP ' 1

for oirculating the absorbing medium in the unit
with specially designed driving mechanism,
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1,

2.

T,

1.

4,

JOLR..TOR
diroot~indicating dovice for control of rate of
oiroulation of the absorbing wediun in the unit,

IV. ZINISIING SiECTICH

uEaL CONVEYOR

for transporting the ueal fron the Ixtraction section,

in k,8. pressed casing, chein =nc¢ woaring straps in
vear redating oteocl, tensioning devico, corplate
with EP notor and drive,

UBLL COOLER )

clad vith louvres on all sides, with a nuuber of
cooling trays one over tie otaer, with ar agitator
assently, couplete vithk motor and drive,

LOY SFZEC GRINDES with cotor end drive,

2183 GF3LD GRINTIR with motor and drivoe,

S IER-GFAl.TCR with motor ard drive.

411 the nccesacry unecihaniecal tracssort ecuipnent
deaiznod for £00 Tomres/24 hours ccpzeity, coudloto

with coor Loxes, TifC cotors auc d<rive.

BOWE RIC-.LD3CH automatie 2cgging uwachine end
bag closeing necaine.

HDRITICH. L SUFPLILS

8TBLl: WiLIN inside the plont complete with wator
separator, noin otop velve, reducing velve, safoty
valve, pressure fougeo for cistribution of etean
inside the osraocincts of tho plant,

COMLaNALTS COLIECTIU FISING inoide tho oroocincts of
tic pl(’.l'.t .

LdR beIN ineico the 3lant couplete with otoy valve,
preasvro gruge, ute, for districution wator iaside
t30 vrucinctas of tko slaut,

iffluont piping inoico the procimte of the plant.
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5.

8.

9.

10,

11,
12,

13.

14.
15.
16.
17.

All the necessary stoam valves for the steam circuit

All the necessary steam traps for the condensate cirouit

All the necessary Audco valves for miscella/solvent
ocirocuit

All the necessary heavy guage pipes for piping

All the necessary BSS flanges, bolts, & nuts and gaskets
for piping

All the neccssary VISIFLO devices

All the necessary Thermometers, Pressure/Compound/Vaouum
gauges and Manomoters,

ELECTRICALS as per preferred arrangement,

EP motors for Pumps

EP push buttons for motors

EP 1ight fittings for apparatus lighting

EP oablos for wiring up all electrical items in the
Extraction Plant from the control panel

Cable trays for EP wiring in the Extraction Plant,

ELECTRIC CONTROL PANELS

with sequencing, interlocking and other safety devioes
for controlling the operations in the plant and for the
Preparatory and Finishing scctions,

AUDIO VISUAL ALARIM SYSTEM for drawing operator's atten
tion in the event of abnormal operation,

MOTORISED STEAM VALVE to cut off steam supply to the
Plant in the event of powor failure.

PRESSIOSTAT to stop the Dexanizer unit in the event of
too low steam pressure.
THERMOSTAT SAFEGUARD against inadequate water supply,

MASTER SWITCHES for emergenoy stopping of Extraction
Plant,.

SIGNALLING DEVICE between Extraction Plant & Pruparatory
Section,

EMERGEUJCY WATER STORAGE TANK for the plant,
BULK STORAGE TANKS FOR storage of Hexene for the Plant.
DAY TANK for oil in the plant,

Open air steel building for avlvent extraction Plant
with columns, beams, platforms, staircascs, rallings,
eto. as por preforred arrangement,
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18.

19,

20.

2l,

22,

l.
2.

3

1,
2,

3.
4.

Supporting gtruotures with columne, beams, platforms,
stalroases, railings, etc., as per preferred arrange-
ment for the Preparatory and Finishing seotions.

SPECIAL DOUBLE GLASS WINDOW to be fixed by oustomer
in his civil works.

PRESSURISING FAN

for maintaining the control cabin under pressure to
prevent ingress of solvent complete with elevated air
entry to conform to safety regulations,

WARNING BOARDS: 'RESTRICTED AREA'
*CONTROLLED AREA!
'*NO ADMISSION'
'NO SMOKING'

One set of sparkless tools, as per standard praotioce.

NOTE: We reserve the right to alter or amend the specifi-
cations in the light of later developments and
exigencies of the situation subject to the condition
that the overall performance is not affected.

WARRANTEE
CAPACITYs 250 Tonnes of Soybeans of 20% oil content
DEOILING: Below 1% by weight, analysis to be conducted

by standard AOCS method using the same solvent
as i8 used in the process.

SOLVENT 10 litres/tonne of entering material, subject

CONSUMPTION: to (a) the required quantity of cooling water
at 30°C being made available (b) the plant
being run uninterruptedly, and (c) normal
Hexane being used as solvent with boiling
range 67/69°C, non volatiles content loss
than 0/001 gm/100 ml. and aromatics content
less than 1.0%.

UTILITIES
STEAM: 35Q Kg/tonne, dry saturated steam at 150 Paig.
POWER$ 40 KWH/tonne, 400/440 volts, 3 phase, 50 Cyoles
A.C,
WATER: 200 Cu.Mt, per hour in oirculation, can be
cooled and recyoled.
OPERATING
LABOUR: One operator and two assistants per shift.
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2501/2

_L.Lw D
" EXHIBIT 'I' - DETAILS gr FINANCE ‘PORBCAST

A,

STEAM RAISING PLANT

1,

Te .
[}

‘v -2- ..
L]

Je

4.
5.

6.
7.

WATER COOLING & PUMPING INSTALLATION:

Fully Automatjic Packaged Boller
(Westerworks) 5500 Kg. per hour
evaporation, 150 Psig, complete
with aocossories. :

“Fiel oil tanks 2 x 5000 glns. with
pumnps and piping.

Chimney _

Feed & Conéeneate Water Tetke,
Water Softening Plant. .
8team Distribution Main.

Condensate Return,

1,

2,

PR

3.

4.

Cooling Towez 50,000 gallons per
hour capacity.

Vater ciiculat!ng pumps 3 Nos.
5C,000 gullons per houx,

Valves, pives, etc.

. i REROS T PR
Pansl, wiring,

ELECTRICAL LISTALLATION:
1.! Transformers, 11,000,/440 Vblta.

A}

.?‘

A

.3 Pnasa, 50 Pyoloe, 4.C,

753 AKVA -~ 2 Aos.

ET “acaption, Cab)‘ng and
‘Cirevts Sreaker,:

,LT Diasvribution Panel

6/0

161

222,800

35,000
30,000
20,000
25,000
30,000

16,000

50,000
30,000
30,000

15,060

mopacqgas

80,000

40,000
50,000
170,000

Rs.

372,800

125,000



'~Do“

B,

F,

(A dl
EXHIBIT I.(Contd.)
c.

ELECTRICAL INSTALLAT ;gn (conm'nj

.

5.
6.

7.

SRR

Cabling

Lighting including yard lighting
Earthing o
Power Factor Capacitors’

BULK BTORAGE INSTALLATION:

1,

.2.

1.
2.
3.
4.
5.
6.

0il1 Storage Tanks 5 x 100 Tons
ocapacity @ Js 40,000 eaoh.:

Pumps and Piping

NDRY EQUIPMENT;

Léboratory Zquipment

Fira Fighting Equipment
Workshop Equipment

Tools, Tackles &-Imﬁlementé
Purnitures & Fixtureo

0ffice Equipment

Rs.
170,000
501000
}p 000
. 20,000
50,000

SILO GTORAGE & MEAL HANDLING RQUJPMENT

1.

2,

'30

4,

Wagon Tippler - Elecon, End-Rocker
type. -

Forklift Trucks (2)
Prrtable belt conveyor. feve
loading bags ir wagons eto,

Vontilation Equipment for Silos

Pneumatic Scalper, capacity
2000 Bushels per hour :

162

‘c/b‘

1,200,000

200,000
145,825

21,750

1,561,575

Ra,

320,000

215,000

200,000

Sun® an



EXEIBIT 'I' (Contd.)
SILO STORAGE & MEAL HANDLING

EQUIPMENT (CONT'D)

F.

G..,

H,

I.

Jo

5.

6.

7.

B/F

Clipper Continuous Drier,
capacity 1500 bushels per
hour, Moisture 13 to 9%2%

Mechanical Transport
Equipment, capacity 50
tonnes por hour,

Electricals,

RATLWAY SIDING & SHUNTER:

1.

2.
3.

Railway Siding inside the
Faotory. :

Tata Diesel Wagon Shunter
Sundries

WEIGHING EQUIPMENT:

1,

2,

3.

4.
5.

Wagon Weigh Bridge 100 Ton

capaoity with weight
printing mechanism,

Truck Weigh Bridge 40 Ton
capaoity.

Dormat Welghing Scale, 5 Tén
capacity for 011 weighment,

Weigh Socale for Stores 500 Kg,

Sundry oxpenses.

-~ 25,000 Tons storage oapaoity
in RCC 6 M,150/- per tonne,

& ING

163

Rs,
1,567,575

452,425

700,000

800,000
372,000
28,000

212,290
106,917

25,860
9,776
20,15

Rs,

" 2,800,000

1,200,000

373,000

3+750, 000

2,500,000



EXHIBIT '1' (CONTD.)
| LAND & FACTORY BUILDING - DRAWING N Lg S FYET9.

1,
2,
3

5.

6.
7.
8,

10.

11.
- 12,

13.

14.
15,
16,
17,

4

LA,

ESTIMATE OF COST

igi10 Head Works.
Unloading Yarehouae

Preparatory and
Finishing Scetion

"041 Mill Building

Civil Works for Solvent
Extraetion Plant.

Meal Warehouse
Boiler House

GQneral Stores

A.Workshop

Cooling Pond

Office Building
Equipment Foundations

Position
_ in the
Drawing.

2
27

21

o

15
16

17
22

23

Land 26 Acres ® B 5000/~ .

per aore.
Development; levelling,

Compound ¥all, eta,

Wells, Water Coluan..

Btorm Sewer.

eto.

‘Roadé inaido_?aotory.'.

2L 164

Area
in Cosd:
Sq.Meters, 7_>.35, __ Rs,

435 130,500
1550 .232,500
963 192,600
963 192,600
. 200 50,000
3034 606,800
300 60,000
324 - 64,800
324 64,800
196 24,500
500 100,000
113,400

=—mmewe 1,832,500
130,000
70,000
92,500
250,000
100,000
25,000

hudahainiatet 667.500

i mmeesessss

TOTAL 3 2,500,000



BXHIBIT 'J!

1.
2,
3
4
54

7.

8.

2.

10,

LIST OF EQUIPMENT 0
FOR IMPORI.

FORSBERG 4-Stage Cleaning Equipment
ROSS Hydraulic Flaker 2 Nos,
CROWN Extractor 600 Tona/24 Hours
HOWE Bagging & Sewing Machine
Continuous Weighing Machine for
weighing beans issued to process
(firm Quote not yet received -
approx.

FORSBERG Pneumatic Soalper

2000 Bushels per hour for

8ilo Section,

CLIPPER Bean Drier
1500 Bushels per hour

Add Packing, Insurance,
Ocean Freight

Total approximate o0.i.f.

Total °.i.f.

165

')

$ 13,970
35,610
119,000

44309

3,807

1,354

41,950

$ 220,000

20,000

$ 240,000

Rs, 1,800,000
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TYPICAL LAYOUT - FACTORY SITE PLAM.
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General Arrangenment

Bean Reception, Handling and Storage

POS.NO. DESCRIPTION
wrp WAGON TIPPLER
SLo SILo
-1 BaLT CONVEYOR
[ 3 ELEVATOR
NS RNEYMATIC  SCALPER
DrR DAven
[-1. 14 OVERHERD BCmaw CONVEIOR
100 DAy OIN

_wrp

(SERVOTECH) ccoiam
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100
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107 107 .
104
fom oy — == Il —
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. dd ver 4 1 2
! [ | )
r-q-------J ] ' ' ‘
! re== e mccaed beeccaeoo, pomm—=d
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]
' ) g : It
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[ & [N
é "y ' A (N
' I (Y
’ ' | ‘\ 10
CAVES i | . : ‘ \
65 ST ' ) ‘ Hi
AS ~ § ] : : 1
203 ete. N __ " “ 102 H Y
R | Hy
LIGHTER '
MATERIAL : 1y
STONES, =1 o | !
GLASS elc. | BN
' 1
) vy
] ' ]
R R Lt---
GRAVITY PURE
BLANS .- -
¢ @raAiLinGs 277cu CTAILIN
ADDITIONAL CLEANING EQUIPMENT GRAVITY TABLE FOR 70 (13
FOR E£DIBLE MEAL COMPLETE REMOVAL OF HULLS

£QUIPMENT FOR EDIBLE MEAL PREPARATION
E‘L‘_'_—_‘mz_‘_.




la—="] |
O

EXTRACTION PLANT

Y
Y
-
N

FLAKES TO SOLVENT

&
Y

THROUGH CONVEYOR

o
e e cmcee—ceccccee}d

TO 103 FOR
EODIBLE MEAL

t HULL SEPARATION

EQUIPMENT FOR 50% MEAL

rtr——

JO 111 FOR NN
PROTEIN MEAL

14

FLOWSHEET FOR
CONTINUOUS
SOYBEAN
PREPARATION

Il

"3

116

"z SCALPER

/116 CGROUND MNULLS STORAGE BIN
"ns GROUND DOCKAGE STORAGE BIN
114 TOASTER

/13 GRINDER

112 FLAKER

7 CONDITIONER

110 BLOWER

109 CYCLONE

108 SNHNAKER SEPARATOR

107 CRACKER

106 SCALE

105 SURGE 8IN

104 AMAGNETIC DRUM

/103 GRAVITY TABLE

102 DESTONER

101 SCREEN

100 DAY 8BIN

SERVOTECHD v

DRG.NO.|FLS:PRP 75
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FLOWSHEET FOR CONTINUOUS

— 1—
/ a— . A SOLVENT EXTRACTION PLAN
} S = ~
s ‘
m a38 ! 200] ROTARY VALVE.
Py ) ‘1 201 [FEED BIl
X XTRACT .
Ly o S351E CH.(.E_BIN
. ~ NAL STGRAG a 204 SOLVE N™ TIGHT CONVE T
: . m 25| ROTA <Y VALVE
— N 241 206| DESOLVENTISER TOASTER
5F1 = y FROM T0p2n 207 | CONVE 10X
210 210 SCr‘.U_?‘_B_z_-."
0 5 H H 21 [CONCENSER ~
Y > 10232 212 [CONTAT T € N #NSEX
4 240 2'3[SCLVERT ;.L_’_-- EEA
12 TSOLVENT EVL .RATER
Tl \ 2 SCLVENT T CL?_'\
1 l 1 g 261 NE N\:P'""
217 [CONCEN=€n
’ ‘ S RECAIE - ;
?ln | NATCH A \_-:P NT SEPS RI‘T
| [ - B ) 219 TEF-LUENT FLAssi-_x____ e
' - 23 |UNTERGR. U 1D SCLVENT
ST AGE. 7;.u.< T
J 251 |SOLVENT - r‘._
. 32 IQCFLL_L __s___,_, Sy
_.._..@ d .__..._Qb_,.ﬂf MLt EA - L0
: 234 [PRIMA ¢ }__s_l__‘_ NYE _
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nasy MISELLA MF TE . B
237 FINML )Il." fR
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' 231 [FLASHE < !
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1
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196

380
354

355

COMMERCIAL MEAL SECTION

-

3526

TF COMMERCIAL

MEAL

IF_SOYFLOUR ~

—7

ELEVATOR -

B 359

B8AGGING
GRITS

FATTED & LECITHINATED
SOYFLOUR SECTION

360
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362 363

——— —-— -~

BAGGING
FATTED &

LECITHINATED 30YFLOUR

11e GROUND 1nuULLS STORAGE BIN
15 GROUND DOCAAGE STORAGE BIN
3¢5 SURUGE TANK FOR ‘_LFCITHIN
Jd62 SURGE TANA FOR FATS
561c wE/GH//v(. £ bAuu/A,(- ATACHINE
—_— — 4
36/ b WEIGHIAS & BAGGING MACHINE
3¢fla WEIGHING A dA(-Cn/NG MAChz‘Vé
4
360 RI1B88BON #LE ND.’ 4
359 PADDCE MIXER
e e
358 COA VL YUR
357 MICRO PUIVER L
3%6 INTE KM L’t47[ A'/ A STOKAGL OIn i
255 BIOIWER
-
354 CYCLONE
353 | AeAL coor R ]
-1-P4 ) GRINDL A" NO2
- - = —t
552a| GR/ADER NO |
351 b SCREEN NO 2
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LAYOUT OF

SECTIONS

20:0 m.
B SOLVENT .
s EXTRACT/ION ol
' Q .
|| ® PLANT 9
A= 3
[ 202
- -
K
3
°
e
|
i

PREPARATORY & FINISHING

199 ]

T DaAv arn’

(1067 | screen”

| /102 | Desroves |
1058 Gx‘AV/?y 7451_5

704 | MAGNETIC DRUM

[ 705 SURGE BIN
106 SCALL
107 CRACAC & -

108 SHAR LK SE PAKATOR -
109 cvcione

110 a:.owte

11/ co~o/7 ONER

112 FUARER

115 HAMMER MILL “

" 7/4 |_ToasTer T T T T T T
115 GkouA_/_D DOCKAGE STORAGE BIN
776 GROUND Hut(lS STORAGE BN’
157 CLEANER
152 DESTONER
/53 GRAV/ITY SEPANATOR
/154 MAG/y_L__I_/_C_Q_ﬁtUM
/5_5 |__SumGe Bi~N
156 DR/iem ™
157 | _coocar
158 | cmAacaca ]
159 SHAA[A’ SLDARAYOR
160 | NULLS ~

—_— — - ——

I"__L N£ 475

—_——e— e d

@ @ (3¢5 ) [3¢7c) BAGG/NG FATTED A LECITHINATAD

SECTION

3 E’B [‘E 333 ] Bs7a) saas/no oriTs

- @_—:Dscm
BAGGING CONM‘RCIAL MEAL

SOy FLOUR

162 NAMN(A Mu.;.
r_léb SroA'Ar.f B/fv
164 STLANJAC &€ 7LD Pﬂccorvo/no anx]
165 HIuN SPLLD M/AER
166 f«/ou resp, coqa_(ﬁa EXTRUDER
767 CoAvEYOR
- — e
168 COOL ER o
169 | CRUNBLER - o
170 ROLLER AMILL __4
177 CYCLON£ o
172 Bt.owfﬁ.
rs JORRE I —
| 380 | SuNGe 8/ £OR MEAL_FROM_D T_
35/ SCREEN
| 2= 1 I —
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TYPICAL LAYOUT

of the
SOLVENT EXTRACT
PLANT
s.nvo|rrema DESCRIPTION
1 206 DESOLVENTSER TOASTER
-2 202| £XTRACTOR
3| 210 SCRUBBER
4 | 234y PRIMARY F.I:AS_HER
8 | 233 PRIMARY EVAPORATOR
6 | 238 FINISHED OI1L STORAGE'®
7 | 240| £CONOMISER
6 | 241 F'L-;\ SHER
9 EMERGENCY WATER STOR:
10 | 237 | F/i~vAL STRIPPER
i1 [ w237 /~1/JC£(_LA HEATER
12 | 286 SECONDARY FLASHER
{3 ]| 235 | SECONDARY EVARPORATO
14| 218 | SOLVENT ABSORBER
151 214 SOLVENT EVAPORATOS
16 | 215 SOLVENT COOLER
17 (4030 oLl L ek e raceny
18 | 232 MISCELLA RESERVOIE
19| 217 | CONDENSER
20| 216 CONDENSER
29| 211 CONDENSER
ACKNOWLEDGEMENT ;- EXTRACTOR CO

CROWN I1RON WORK
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Flow Diagram Of
Flash Desolventizer

- MARC Inlet _— | -
o Superheater B'E‘F Jourod] of socs’ volize
o _P_____ : June t959paqe 257
| &&——= Vapour_outlet
A .
% C
)
N
A
Desolventizing_tube
\

| Codling dpct
Cyclone
LCollector
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