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1. In the context of the heavy shortage of edible fats. and 

extensive protein mal-nutrition in the country, the processing
 

_of soybeans is no mere commercial activity, but an industry 

of nationalimportance. 

2. For a new processing complex of this type, it is recommended 

to locate the Project in the area in which the beans are 

grown. The freight on the Railways, assuming a haul of 

500 0-t, for soybeans, oil and meal per tonne are respectively 

I.47.8 (Tariff 67.5B), Bs.46.10 (Tariff 65) and Rs.19 (Tariff 

25A). Movement of meal costs only about 40%.pf that of oil 

or beans. The quantity of oil ob1tained is only 20% maximum 

of the beano processed. Movement of beans is the most 

expensive proposition. 

3. In the first phase of operations, soybeans are to be processed
 

for the re,-very of oil and production of edible flour and 

only after meeting all the requirements of edible flour in 

the corntry should manufacture of commercial soymeal be 

permitted.
 

The 'Bal-Ahar' programme is said to require 12,500 M.T of 

edible flour at 2q level fortification. The large-scalA 

feeding programme of pre-school children initiatel by t'e 

Ministry of So.iel Welfare is expected to consume an eqnal 

quantity of edibl- flow_. lTe rolle:' flour ills in Calcutta, 

Bombay and Delhi regions _'ir'sold 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
 

current 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 converted into commercial soymeal. 

(i)
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As for the oil, it is-not reoommended that it should be used
 

in the manufacture of refined cooking oils. The oil could 

best be 'used in the Vanaupati Industry (vide Sl.No.12 below). 

4. 	 The soybean processing complex is planned 'n modern lines 

with wagon tipler, rail and truck weigh bridges, silo bulk 

storage and mechanical handling equipment, preliminary 

cleaning and drying of the beans storage, pbefore full range 

of modern cleaning equipment for obtaining perfectly cleaned 

beans for edible products, complete preparation$ extraction
 

and meal finishing equipment with auxiliaries and accessories.
 

'Such a 	sophisticated set-up appears to be justified for
 

capacities of 250 Tonnes/24 hours and above. • 

5. 	 The compelling necessity of utilizing most modern machinery 

and technology in the processing of soybeans has to be re­

oorsoiled with the equally important consideration of minimising 

expenditure in foreign exchange. After matured deliberation, 

the import of the following equipm,)nt is necessary Lind 

recommended ­

a) Complete range of modern cleaning equipment - as is 

supplied by M/s. Forsberg Inc., U.S.A. 

b) Hydraulic Flakers - as is supplied by M/s.Ross 

Machine and Mill Supply Plant, U.S.A. 

0) Extractor of 500 T/24 hrs. (vide S1.Ro.18 below). 

The choice would lie betweei, Cro.rn Extractor and 

Frenoh Stationary Basket E.traotor. Judging from
 

tho prices furnished by both tho manufacturers, the
 

Crown Exbr&ctor is subet:.'-itially less expensive ­

in faoc over 30/, les e.penuive. Besides, Crown 

appear prima facie willing ro have t ? extractor 

manufactured in India to the extent possible subject 

(Ui) 
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to 	reasonable terms being offered. Therefre, 

Crown Eitraotor is recommended. ' " 

d) 	 Automatic Bagging and Sewing machinery for 
packing - as is supplied by M/s.Howe Richardson 

* Scale'.Company, U.S.A.
 

e) In the-silo storage seotion, large capacity con­

tinuou; bean drier would have to be. imported ­

as-is supplied by M/s.A.T.Ferrel & Co., U.S.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 S 40,000 or Rs.1,800,000, which works out to 

17.69% of the total machinery coot of Rs.10,170,600. 'For an 

important food industry, this modest investment of foreign 

exchknge in thq first plant is fully Juatified, especially 

because the export earnLings 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%. 

The rest of the equipment could be procured from indigenou' 

sources. 

6. 	 The total estimated Block Investment for 500, 250 & 100 T 

plants is Rs.27.25 million, R9.19 million and Rs.10 million 

respectively. The details were worked out for 250 T plant 

and extended to 500 and 100 T plants. The 'Budget Forecast'
 

presented herein carries the 9etailo.
 

I 	 / 

7-. 	 An analysis of*'the Block Investment is presented in a chart, 

A glance at the chart reveals that the silo et6rage section 

(including mechanical handling equipment, bean drier, etc.) 

is the largest single item accounting for 42.5%,of the total 

(iii) 
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block in the case of :500 T plWt, 34.5%.n the case of 250 T 

plant. The basic soy plant and utilities amount to only 

28.63.and. 05% of the total tlock respectively.. 

8. 	 The operating qosts of the plant are broadly ulassified under 

Pro-rata charges and Fixed charges. Details of the same for 

all three capacities are furnished herein. Also presented 

are charts analysing the pro-rata and fixed charges forall 

,three oapacities. 

o
9. The Feasibility Forecast presents operational results for all 

three capacities. The product recoveries are based on average 

figures kindly furnished by the French Oil Kill Machinery 

Company, U.S.A. The forecast is based on bean price of 

RlO00/- per tonne FOR/FOL factory, R.3500/- per tonne for 

the oil and R.670/- per tonno for commercial 45% moalo The 

calculation based on which the ex-factory meal price has be6n 

worked out is also furnished. 

10. 	 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 100T plant. 

11. 	 When edible defatted soy flour is produced, the operational 

picture 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 so-called..
 

edible groundnut flour, the price of ediblo soy flour could 

be atleast R1,25 per Kilo. Even caloulating.@ 00 aise per 

Kilo, and-taking into acoount'6% loss in weight in the moal 

(iv) 



o'31.." ' n'ijtowing, to el ,imination'ofhulls, tho retun 

,improves to 56%, 32.36%'and 16.05% for 500, 250 & 100 T 

plants. 

12. If the price ofJseble soy flour is fixedat Rs.1105 a Kilo 

(by no means an unreasonable'figure), tle ex-faot6ry 
prine of
 

soybean oil can be reduced to Re.2500/- per tomie withuut
 

upsett.n the profitability of the processing complex. it
 

-would then be possible for the Vanaspati Directorate of the
 

Ministry of Food and Agriculture to continue regulation 
of
 

vanaspati prices at reasonable levels using indigenously
 

produced soybean oil in the place of the imported oil. This
 

would mean an important measure for price otabilistion of
 

an essential article of food.
 

The.ohart entitled 'Return on Block Invectment'.appoiided
13. 

hereto presents the relation btweon capauitioa of *olart an,
 

the return on block investment based on the production of
 

edible soy flotv nd commercial soymeal.
 

reflected in this Report compare favourably
14. 	 The operating costa 

We are indebted
 

with the corresponding figures of the U.S.A, 


to the French Oil Mill Machinery Co., U.S.A. for the informa­

tion that based on five year averages for three typical plants,
 

the direct operating costs per bushel, ezoluding office 
and
 

a:guio, are placad %.r
managfment overhead, and r t 

5(,u, 00 & a00 T plants, a 'uLng$0.159, 0.182 and 0.22M fo 

340 dV-. Tho above figuree woxik o. an annual crush of 	 -o 

56.08 for 500 & 250 T oap.oities.
approximately 46.47 and 

chageq and estabil'szclnt ctr; f;:,n.Deducting the inturost 

the Fixed charges pcesente horein, thu fJ.ige- -on 

for 500 & 250 T plctnte &'.ro Rn.37.62 imc. 49.') P:. ,;vn.
basis 

.Cv) 
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tol 	 l10 oorph2q,15& The Block i etmA$ .LSt* D li 

VA ftaom*.5, pWitdl~yfaivouabir wit.t~ orsGliI 
funished by t!h Pzenon Oil Mill KaohLu@ Os, pU.S.A. (vdOo 

tho their 500 T soybt?.n
Exhibit 'A$). Aooo.-dine to 

prooetPiug plant will orxr.tly oo4 i J.$..e 58,COO ow 

gost of 500 T ooybian prooz3ilng plantrus,6,45,O00. The 

in th, Budget Foreast attachoed hereto is estimated at 

(t Million 
16. 	 The bn mloadingl, drzynS, oonveying and storage 


elc or 54,500 Tons) section is estizatei by 1ronoh

bua 

Mxc .in~ry Co., U.S.A. at $1.5 zillion orGi Mill 

i- the Budget Fore­
R8A11,25..)OO. PTh* oorrisaondinfg 	fieau 

-ocut for 50.0 Tons is As*11,55, O. 

of 500 T plant, ooluing land
total installed cost47. 	 The 


&onci rail/roa trokn, o.ot of

sorvice buildings, roads, 

"'ir6prototiLon and taxes
bringing utilities to the arb., 

the French Oil Mill 14chnery Co., US.A.
is aiut&ted by 

or Rs.24.4 million. On comparable basLs,at $3.19 million 
out to Ro.20.9 million

tho estimate herein prl,.;..nted works 

of the ohart and forecasts appendeA hereto would 
18. A pcrusal 

500. T plant 	in most desirable to it offers
indate .that a 

best returns on the Block Investment. As the commeroLal 

is still in its infancy, it may be
cultivation of soybeans 

In the
hasardour to go i- straight for a 	500 T plants 

oircuastanoes, a 250 T plant vith in-built facility for 

sisd extraotor, mochanical
exp.sien to 540 T, such e- larger 


is .".-u~awndede
transport *urw:,.s 



19. Some of thea oontinuoqs--c-lv6t. extraction plaivts -in the 
... try, af_.t 	 i.,.ao~bea.'=.with..tho add tion 

of b"laing equlpmenV(,vide, page/125),.:in, tki6ir ilant s. 

Baioal.V it will be advantageous for plants located-in 

Bombay and Caloutta regions to process soybeans beoauseI 

a) omercial quality:meal could be exported':con­

vehnently from the: respuotivc ports. 

b) orn if edible floutr is produ.-, they ,ooulA be 

coneumed advantageously by tJ-e Flour Millu 1octd 

in the respeotive regionsp and 

o) 	 There are vanaspati factories in b6t *th6reg ioo 

whore the oil could be oonsumcd. 

It is peaps not oustomarV to dilate on the thooretioal20.. 

aspeots of proqoesirin.-a Feasibility Study of this type., 

The provocation for this deviation is: 

a)'he firm impression carried by..visiting U.S -* 

"specialists that the way in'whiah soybean oil is
 

:baing pro,assd ctt prestnt in th. country loavo 

Auoh to be dosi'rod." 

b) 	Tho6 marked tondohyof several entrepreneurs to
 
owrlook technologioal considorations and adopt
 

.,dangerous shortouts in the intorest'of mistaken 
-boonomy. 

);"u ultimately both the productb emanating'om the 

destid for" o*Yboan proceing industry will bo 
arehuman oonstu'ption,..'propqr processing standards 

-.. vdry importdnt. 

If the ;oluminoiib i,.C6r.ation opp..ilod within the covers of 

those volumes sh-.' i"r,..;i, , .;-v€, in ", sm--li masufo, 

to properly orient thoso 'idVolvod'in proccesia-g..tQ .. dpt.. 

oorreot techniques, the effort and expense involved will
 

bo 	justified.
 

(vii) 



BUDGET FO; W.3T 
$is)(For details vido x1~it ' & '& 

Calatity/24 boiry 500 Tonneg '450 TIM.es 100 Tones 

B,Dasic Soy Ilant 59821800 4,502,0C00 1t0,0000 

20 Utilities: 
a Stean 
b Water 
c Power 
d Oil storage 

Sundries 

575,000 
200,000. 
450,000 
418,000 
200,000 

'372,000 
.,125,000 
320,000 
215,000 
200,000 

250,000 
-65,000 
200,000 
.100,000 
200,000 

3. a) Silo 3torage & 
ieal handling 
equipirent 

7,82,80o 

4,050,000 
I 

5,795,800 

2,00,000 

2,715,oo0 

1,00,000 

b) Railway siding & 
Shunter 

"j*siehine ".uipcent. 
11200,000 

375,000 

1,200,000 1,200,000 

375,000 '3750000 

13,427,800 10,170,800 5,790,000 
4. Provision for 

ai Sales Tax 
b) Packing, Forwarding

and Transportation 
o) Heat Insulation 
d) Erectior and con­

missioning 

330,000 

200,000 
140,000 

1,000,000 
15,097,800 

250,000 

149,40C 
100,000 

800,000 

11,470,000 

173,700 

80,000 
50,000 

500,000 

8,593,700 

5. 1il dorka 
Ai sieos 
b) Laad & Builcings 

7,500,000 
3,000,000 

3,750,000 
2,500,000 

1,500,000 
1,200,000 

6. Miscellaneous 
a1 Encizeerinc 

Contingencies 
Prouotional and 
Admn.ix)enses 

700,000 
702,200 

250,003 

500,000 
530,000 

1250,QOO 

300,000 
306,300 

100,000" 

7. TOTAL BLOC'.- LV3T !T 27,250,000 19,000,003 10,000,000 

8. TOWEING W14WC 

go. mTCTF1IIUidICE 

.0,750,000 
-------------------­
7Ct000,000 

S~I 

'26,000,000.I 11,000,000 

4 C:%OOC1000. 2r0tO 
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to S.Ybows 0 U*1000 40O 250-S00 

ii,e?Lehargem 18000:0~co 

9 e. 15,000 

05~0 M1100 2S1,Q99.. 

* b44790 265000 15.300 

Wb.Ei PARDA 30s 0 1 00 

S- - m v a~ .wm 

so 20TAL "3# 00 363,000 2919500 21500 

Is Boei per -vow 
a&JW Wvr44 doys' W.009000 b.301500000 

l Retur onBleak 
XnvSimqnt 34.12% 14#57% 

1000000 

399005QO
 

OvO
 

6O00 

3,O 

wPmRw-v 

116,4066o9 

b.403P000 
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* 	 PRODUCT 111 (Courteys Frensh Oil M1ll Machinery Co. USA) 

oil ( Refining long) ...- :1 lb,/ 6l 
meal (3o% protein) : "-.44 lbs/ha (u 60ls 
Hull 4 lbs/ . 

Ex-actory price of STybear. Meal 

Commeroi9a . 

-Accordingto the figures publiab& by the "Public Ledger",London 

the average ruling price of Soybean Meal in London Market during 

the i4 month period ending 30-6-1970 in £ 50.48 o.i.f. 
or Rae.908,64-. 

: .I'can frei t" 

2. 	 Welaht difference to
 
Long, t9pn 2
 

3. 	 Insurance 2 

4s 	 Supeevriion & inspeetioh
 
, at destination .
 

5. 	 F.O.B. expenses.......""
 

14	 ' "7rightp eto,- Foto -ys,.... , 
to 	Poart • 0 

Ra.?24.oo. 

Re.684.64 

7; 	 Provision for contingencies Re. 14.64 

E-faotory prioe ,. Re.670,00 

man)
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PRO -RATS CHARGES 

1 	 8o0vent 2500 isg 1500 Kg 700 Kai 
0onsumption b.1. 2,500 Ps1 1,500 a@.1 700 

2, 	 Steam 150 Tons 90 Tons 40 Tons 
gonmumption 0 b.20 3.000 0 b420 1,800 * b.20 800 

Power 20,oo9 12,500 6,000 
oonamwption Kvi!r Kwv KvH? 

@0.1 2,000 .0.1 1,250 *d.1 600 

(62 BDO2ftotin Labour 
I operators @ 20 180 ISO 180
 

15 Assistant$ @ 15 225 225 225
 

5, 	 Hmng• 0242 1,000 b6.2 500 @b.2 200 

4, 	 Sund4e. 95 45 45 

PU DAT .... 9,000 	 5,000 2,750 

PER0E *.,. B 	 "22 .27.5 

Oainoity/24 Hrm. §00 	 100 TolL0-

1O* on Plant & 
Machinery 1,48),780 1,150,000 659,370 

on Bldg. & 
Civil wolks 617,610 375,000 170,015 

2. Interst @ 6% 4,680,000 2,700,000 1,260,OO0 

I, Xaintenanoe 400,000 300,000 200,000 

4* Insuran.e 468,000 250,000 132,600 

5. Establishmont 	 744,610 625,000 427,715 

6. PER ANNM 	 8,400,000 5,400,000 2,850,000 

?. PER DAY 	 28,000 18,000 ,500 
S. PER TON 	 56 72 95
 

(i)
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1. 
 In th' intrs 
 tiOn of doyban into Indian Agri­culture th UD'has
isTec 
 UAID has played a 
Yery significant role.
 

ThisTecnicl 
 Fasibility study for processing

oybeans is also ompiled under contract from the
 

USArD. It is intended to place atthe dispoal of
 

entrepreneu~rs all the recuited informition for
 
providing "prpoessin, complexes for soybeans.
 

2. A studyof this magnitude Se.ou0a no aily take siz 

month. tobe complited. Owing to a tariety of
 
reason., it had to be oompresied Into'about three
 
onths. 
Should there"be any inadeluaoy or in­

accuracy In any part of tase i, the very short 
time permitted in an extenuatiQ *ciro"Mstance, 

3. 
 Soybean t atill new in India -'per//aIPs none in the
 
country has actual' in-plant' ex'erience 'in processing 
this naterial. 
Reliance had 'erforoe to be made on
 

published Information, data supplie*d by welt-known
 
0true and discussion V1~1i visiting experts.

Preclusion of foreign travel 1in the terms of theassJ.Qpmn wags & at'hajioa 
£ne
 



4. 	 jany foreign and Inoan"i':irms w1re unenthusiactic in 

fiiriishing detailed quotes. The former, conditioned 

by past experience, are pessimistic of business 

possibilities in India. Tte latter, perhaps, felt 

this is an academic exercise. Our thanks are, 

therefore, doubly due to those who did co-operate, 

viz. Kosers..ero~lide. Corporation, North Carolina., 

Massro.Campbell Incustries Inc., Des Moines., 

The Crown Iron Jerks Company, Ltnneapolie., Jeusrs. 

Du-Val I.F.T. Corporation, Dallas, Texas., Messrs. 

£.TiPrreal P-Company, Lichigan., The Forsberg Inc.,
 

Minnesota., The Frenc'i Oil Uill Machinery Company,
 

Piqua., lioears.Lowe ionardson Scale Co., Clifton,
 

Tow jersey., kessrs.Euntley *enufacturing Conmptys 

foe-York., Mesars.Prootor & 8oharts Inc., Phila4el­

phia, Messrs.Ross Machine and Mill Supply 

Oklahoma City., Masers.Superior Welding Compa y 

Illinois;, all from U.8.4. and others. 

5. 	 8UVOTI1C also manufacture complete ranse of modern 

equipment for solvent extraction, vanaspati, etc. 

As a matter ol prinoiple and ethics, no reference 

is made to then in ta 6iseassion on relative 

merits of equipment.
 



. ; 	 ,ferenoe.to Trade names and Firms in ths leport 

be illustrative and not exhaustive
10huld. :e.desoedto 


7. 	 Layout and general arrangebent drawings should be 

considered as typical and illustrative only. Each 

proJe4. -has to be engineered individually to suit its 

opqQif4., requirements and conditions. 

We are indebted to lir.arold D.issler, Jr., Oilseeds 

ProceosinZ Advisor, U&ID, for his valuable guidance 

. and unstintee co-operation which has been of great 

*help.in coneuctin( this Study. 

9. 	 This Report is presented in two volmes­

i) 	 Volume I contains Introduction, Basic Soybean
 

Processing, Equipmaent for processing, Location
 

of Plant, Finance & Feasibility.Forecastsp
 

Typical flowsheets, Site-Plan, Layouts and
 

Volume II contains the theory and basic
 

Technology of proeeasing the oil and the'
 

manufacture of various food products.
 

$
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ii 	 edy' hand~ing oif the Rep'ortThuo facilitates 

by the users. lbile Lusiness ziecutivee and 

tollcy Makers study Volme I, their Technical 

staff ain go through Volume II. 

iii). Volume I related to the first phaie of Soybean 

processing in the immediate fitur4. Volume II
 

deals with the subsequent phases.
 

10. 	 Opinions expresd .and rooozendationa made herein 

are born Qut of honest conviction, free from prejudice 

or malice. No offence is raeont or implied towards 

anyonv. 



I. 


Soybean in the 

national eoonomy 

INTRODUCTION
 

One of the primary responsibilities of a progressive
 

State is to ensure that its citizens are well fed.
 

Despite the fact that India has been a predominantly
 

agricultural country, traditional agrioultural
 

practices, patterns and produce have proven to be
 

inadequate to provide food for the population,
 

currently placed at 550 million and increasing at an
 

alarming rate. The quest for a solution to this
 

.pressingproblem has focussed attention on Soybean.
 

After intensive development workp soybean has made
 

its appearance in the agricultural horizon of the
 

country at the turn of the decade,
 

Intensive Agricultural District Programmes, high
 

yielding varieties of seeds, soLentifio application
 

of fertilizer and pesticides and modern farm practices
 

'Green Revolution' in
- eolieetively referred to as 


the country - show promise of meeting the calorie
 

The problem of*
requirements of the population. 


balanced diet and malnutrition of the masses still
 

remains to be tackled.
 



Soybean - one of 
the best source 
material for 
protein. 

Protein is an essential constituent of a balanced diet
 

and is particularly important for childrent expecting 

and lactating mothers. Protoin deficienoy .during-'tho 

period of rapid growth and development is known to be 

directly related to high morbidity and mortality rates. 

T e most devastating effect of inadequate protein in
 

the diet of infants and children is perhaps on the 

biain, the growth of which is retarded during the 

formative period resulting in almost irreparable
 

damagd. Resistende to infection;is also believed to 

be reduced to minimal level by protein deficiency. 

There is, theroforej an obvious and urgent need for 

finding a suitable source material for protein which 

could be used as a supplement in convontional diots. 

Obviouslyl low cost is an important factor. Oilseeds, 

like groundnut and cottonseed, contain a high percent­

age of protein which could possibly be used for 

edible purposes. However, aflotoxin infection in the
 

case of groundnut and the presence of gossypol in
 

the case of cottonseed pose problems which have to be 

satisfactorily solved before this valuable source 



n
 , which containsmatrial cold be* tapped. So ea

aboui 40 protein, presents no skuh problem in 

proceesing and should, therefore, 
be the first
 

of edible proteins.
choice for the minukaoture 

Research has revealed the importanoe of certain
 Balan~ed Amino-

for he4ilth :and well-being of humanbeings. 

Aid Pttamino-acids 

* From this point of view," the amino-aoid 
configuration 

is in Soy Protein eminently suitable for diet 

The following amino-aoid compositionsupplements. 


of Sqy Protein-.and Groundnut 
Protein illustrates the
 

points
 

Soybean G.Nxt
 
Meal Meal 

3.0
7"0 

Lysine Gram/1 6 g N 

1.0
1.5
-do-Methionine 

7.6 11.3


• -do"-.'Arginine 
2.1
2.8
-do-
Histidine 


5.7 4.6
-do-'"
Iso-Leuoine 
-do- 7.6 6.7 

Leuoine 

1.7 1.6
-do-
.Cystine 


-do- 5.1 5.1
 
Phenyl-Alanine 


2.1
4.0
-do-
Theonine 

5.1 4.4 

Valine 

1.3 1.0-do-.
Tryetophen 
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A .s~udyof the above revealtable would that 

soybean meal is superior to groundnut meal in 9 out 

of 11 amino-aoids enumerated. Lysine is considered 

.essential for growth and soybean meal contains 130% 

morer of this, important amino-acid than groundnut 

meal, . With .4jard to the. important smno-acids 

.o-ntaining sulphur -'Methionine, Cystine - soybean'­

meal is well balanced. 

-pat from the"0omposition of amino-aoidse, the P.E.R. 

:Value (Protein'Effioienoy Ratio), which is a yard-.
 

stick used for assimilation of proteins taken into
 

the system, soybean meal is superior with 1.85 as
 

against 1.48 of groundnut meal, Even the protein
 

Isolate from groundnut meal is said to have a P.E.R.
 

Value of -1,62 only. 
 This is yet another important 

factor in favour of soybean. Another interesting 

fast is tha't while soybean meal alone can be fed to 

animals as.a' balanced feed, groundnut meal does not 

lend itself to such exclusive Use. Indeed, soybean 

is at present acknowledged to'be the best known 

source of protein in the ,Vegetable Kingdom. 

B,
 



More oil per Notwithstanding the fact that India has been considered 
aore ddespite 
lower oil to be one of the largest producers of oilseeds in the 
content. 

world, and not too long ago it was exporting oilseeds, 

acute shortage of edibl fats has beehvident nthe
 

country during the last Ideode necessitating import of 

soybean, cottonseed and sunflower oils at considerable 

expenditure of foreign exchange. Widespread oultiva­

tion of soybean, apart from its importanoe in making 

up protein deficiency in the diet of the masses, can
 

also play a very useful role in alleviating the
 

shortage of fats. Though the oil content of soybean
 

may be considered low, about 26%9 when compared to 

conventional oilseeds like groundnut, the interesting 

fact emerges that more oil can be obtained per acre 

with soybean than with other oilseeds, thanks to the 

spectacularly higher yields. Further, the fact that
 

soybean could be grown all over the country, on hills 

and plains, even in tracts .where other oilseeds'.
 

cannot be grown, is very significant and deserving' 

attention. The substantial imports of soybean oil at
 

considerable expenditure of foreign exchange could be 

eliminated by cultivation of soybean in the country 

on a large scale. 

9 



Foreign Exohan~e 
earner too, 

Welcome alter-
nate raw 
material for 
proce ssing
 
indusiris'. 

Apart from the negative aspect of saving foreign 

exchange, soybean could be a positive exehange 

earner too. For some time to come t till prooessing 

facilities for food products are created and mazket 

development work reaches a satisfaotory stage, 

dcefatted soy meal would have to be exported. 

Fortunately, soy meal has. a ready and virtually 

unlimited market overseas as it is the most
 

preferred meal for feeding stuffs. Therefore, one 

of the incidental advantages of extensive oultiva­

tion of soybean will be a welcome addition to the 

foreign exchange earnings of the country. 

Plan Forecasts highlight the increasing requirements 

of vanaspati during the coming years. It is 

qae"Ily believed that ene of the main impe&imenbs 

the rapid expansion of the Vanaspati Industry is 

the non-availability of edible oils at egonomio 

prices. Large scale cultivation of soybean holds 

promise of meeting the requirements of the second 

largest food processing industry of the country at 

reasonable prices. The Vanaspati Industry has been 



--using, and appreoiating soybean .i1 for, the last fow 

Years. It, is, therefore, in. a position to absorb 1llaW­

the, soybean oil that may e produced in the country 

in the foreseeable future.
 

There has been a rapid development of the 	Solvent
 

For a
Extraotion Industry in the last decade. 


variety of reasons, substantial part of the capacity 

of this Industry is said to be unutilised. The 

availability of soybeans in quantity in the coming 

years would indeed be a boon to the Solvent Extraction 

Industry, as it would enable not only the 	full 

utilisation of existing oapaitybut.Justify its 

rapid expansion. 

It would be evident from the foregoing that the 
I 

golden bean of the century has indeed a very important 

role. to play ih the coming years. It is not in­

oonoeivable that soybeans may overshadow, 	 in course 

of time, all other oilseeds in the country, as it has
 

done elsewhere in the world.
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Areas where d±in 'the next-Khaerif season 

are_own_ aboit 1,50,000 aores Will 'be;bought"under soybean 

otop, the' staitewise distributi6n- being as follows:-

Utta Pradesh 60,060 acres 

Mad ya Pradesh 20,000 " 

Gujarat 20,00000 

Maharashtra 15,000 " 

Punjab 10,000 " 

Other States 25,000 " 

Total 1,50,000 " 

Aaeuming even a modest yield of 6 quintals, the 

total production will be of the order of 90,000­

metric tonnes, which is expected to increase in 

197.1 -to 3.2 lakh tonnes. 

*Soybean cultivation is at present prevalent ins 

Nainital, Kanpur, Varanasi and Hardo 
regions of Uttar Pradesh. 

Jabalpur and Indore regions of Madhya Pradesh. 

Junagadh and Navsari regions o'f Gujarat. 

Amraoti and Poona regions of Maharashtra. 

12 



Ganganagar aroa of Riraethanb
 

Bangaloro anc Dharwar rogions of IUysoro.
 

Coimbntore roCion of T-cil 1adu.
 

Pusa region ol 3ihcr. 

Cuttach region of Orissa, nd 

alyani region of 'Jont. Ben[cl.. 

Apart .from soyboan oultivation on tho plains, it ia 

also beina Sroim on the Ijorthorn -ills: 

Majherc -.nd ilmorc in Uttar Pradeoh.
 

Nagroti and 3olan in :imohal Yrcdooh. 

Ealinponc in det Bengal.
 

Aldo Zatrain, Palanpur, Kcngra, Eavalbuh,
 

Pauri, Garhwal and Romgarh.
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Rotary 'Ghan I 

RE7IEW OF 	 OILSEED PROCESSING
 
3W INDIA.
 

-One of the earliest attempts at organised otlseed
 

prooessing ie the rotary 'Ghani t which is$ in 

prinoiple, a simple mortar and pestle arrangement. 

In the initial stages, the pestle was rotated by a 

pair of bullock.; subsequently the bullocks gave 

way to anleotrio motor. By virtue of simplicity
 

in design 	and maintenance, theb-ghani' is very 

well suited for decentralised and self-contained 

village economy. As processing conditions are
 

mildp the quality of oil and cake produced is
 

very good, However, from the oil recovery point
 

of view, this arrangement is very inefficient as
 

the residual oil content in the cake is 15% or
 

moreo. 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
 

Ighani' is still very much in vogue especially
 

for the crushing of mustard seed in the North and
 

copra in the South. It is still believed by the
 

Industry that the element of pungency in mustard
 

oil which 	is very important in its marketing, is
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more pronounced in the oil obtained fror- the
 

tghani' than in the ox.poller. In tho cace of
 

copra, where a very light colourniu of prime 

i=2ortanco, tto rotary Ighanif is' still in vogue. 

qonever, the 'ghani' in slowly but surely in boeaing 

out in favour of the expeller. 

The expeller has been nro ollioient fro'. the poiatScrew'Presesi 


of 4iew of oil recovery as the ronidual oil lift 

in the cake ic about 6 to 7%. Zven to thie Coy 

there Gro mcny who bcliove oil zilling is only a 

The nocooocry seed preparation,
matter of expollers. 


oint of view of
which in connidered a must from the 

modern technology, io Oeent in the vast majority 

of mills. 

in procoesing chould necessarily be
Seed Cleanin The first atep 

proper cleaning of thie oeed to rid it of all 

foreign matter. A z-agnotic coparator in esential 

to trap tranp iron cad .rovent damCe to costly 

oquipiont. TuiGo, loc.vea, dirt, etc. are din­

coarded by a combination of vibrating screons and
 

aspirating devicea. The importance of proper
 

15
 



seed.-oleaning for ahieving purity of produots, 

they are destined for edible useespeoially when 

oannot be overemphasised. 

should study the literature supplied by
If one
0h
 

seed. world-renowned speolalists in oil milling like 

Krupps of Germany, Rosedown of U.K., or Prenoh Oil 

Mill Company of U.S.A., the importance of 
proper 

*ooking of the seed before expelling is emphasised. 

not far to seek; cooking serves 

Importance of
oookinr 


The 	reasons are 

several funotions;­

1. 	 It ruptures the oil cells and creates oondi­

tions in which the oil can ooze out easily 

with minimum pressure. 

2. 	It increases the fluidity of the oil byan- "
 

increase in temperature.
 

It coagulates or granulates the protein
3. 


This facilitates separa­aleurone grains. 


tion of the oil from the proteinaoeous and
 

other materials.
 

16 



4. It 'precipitates' phosphatides and produces
 

oil of lower refining loss.
 

5. 	It destroys moulds and bacteria.
 

6. 	 Additionally for cottonseed, it detoxifies 

free gossypol by converting it to the 'bound' 

form 

7. 	 It inactivates enzyme systems which have 

adverse effects on the quality of oil and
 

meal; especially important for improperly
 

stored seed.
 

In our own country the effect of controlled cooking 

was carefully studied in the oil Technologists' 

Research Institute, Anantapur, and the results of 

pilot plant studies were published in the Indian 

Oilseeds Journal, Vol.8, No.1, 1964 by Messrs. 

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

K.SMurti. They have established thati 

1. Too low moisture in the seed makes it brittle
 

and etacky', not conducive to develop pressure 

in 	the expeller. Large amounts of 'fines'
 

17 



pass into the oil and the yield of filter
 

mud in highest. The oolour of the oil is
 

almo darkest.
 

2. 	On the other hand, where there is exoessive 

moisture, there is slippage or 'crawling' 

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. 	 Optimum conditions for best results are 

Cooking for about 15 minutes at 100/1050 

with initial moisture oontent before oooking 

of 6-8% and final moisture content of 4-5% 

before entering the expeller. 

Oil 	millers would do well to oonsider these facts, 



There is general inpreonion that the Onill:
 

tompering worm attached to the expeller in aco­

quate for cooking; this is by no noano the caose..
 

-.It' will be well nigh inpocoible to roCulate tho.
 

tonperature and time ol cookinG cnCe the moisture
 

content within the prescribed limito. Secides,
 

with a large number of oxpellers, it will be un­

realistic to be ablo to control cookinL at all
 

the expellers simultanoously. A centrel Cocker-


Conditioner for the total tonnaGe involved is
 

the boat solution.
 

pith.the seed in tact, proper cooking and moisture
Cracking the 

seed
 

control would be very difficult. CrackinG the
 

need into sucll bits boIGo cooking greatly
 

facilitates oporations. Cracking the seed aloe
 

serves to increase remarkably the tonco that
 

an oxallor onz handle. The oxpellor ca e has
 

a certain volume; much zoro cracke- seed acn be
 

acooaodnted in a given vol=e than the full seed
 

itsOl!. It has boon deuonstrated that the
 

an oil mill can be inoreased by
thro)hput of 


over'50% by proper cracking anf. cooking alone.
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Disposel/of 'The oil..,amerging from the expeller dontaina come 
foots ­

suspended solidd-.derived from.-the origina~l seed. 

In oonventional oil Millar thio oil is settled in 

several underaround tanko beforo it in &iltored. 

This arranGemont io tochnically undeoirablo beccuou.: 

1. 	Prolonged contact between the Ifooto' and 

the oil reoults in increnoe in . a...and 

doterioration in tC.o colour ol tae oil. 

2. 	 Perioiicaxl removal of the aottle& aludso 

is necessary which requires ohut-down of 

the oil mill and losn of production. 

'3. 	The accumulated sludge cannot be fed back! 

to the oxpellore all atonce as it will 

upset the oporation of the expellors owing 

to its oliny nature. 

4. 	When the agod sludgo is fed back to the
 

expellers, it inpciro the quality of the 

oil and ec:e czid reducoo the efficiency 

of the expollora, 

S. 	A lot of manual operations aro involved.
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8,,1Z ).i. mkesthe prenaise rnoosy and 

dirtyv. 

)jot infrequently rato, 06140# 40gs, etc., 

find their way into the t.derground toa4'p 

of t~o edibleresulting in contamination 

-producj - fron the hygienic poi r -t of vievp 

the arrangeent is intlor'blO, 

8. 	 There i unnecemon-y looa of oil in the
 

mousy hcncinr, operc.t-ons and throudh
 

the 	nasonry
i-vioiblo seepa cthrouch 

tanks. 

areIn modern oil milla, t:.o orouC tenka 

in the
totally elainotod and the susr.ded soli6a 

rotary or
oil 	are continuously svptrated by 

and 	the recovered solids
vibratiom ocroon 


returned ijaediately to the exAller.,
 

at~rC
Oil nillina teochniques referrod to are 

oxpula -on of oil from the
based on neoh iol 

Tho conditions of temperature and parent seod. 



preasure oziiti6g iiithe. expeller are ouch ao to 

impair the valuable .6Tei content in the ocraw 

.p; q4: c~k..Not.,infrequontly the colour of the 

.oil. i also affected, a notable ozxnplo boing 

sottonaoe(o oil. hereaoa.n the yeere gone by 

oIl.was.eonsi',orod the main product and tao oil­

oake a.uubs1aicry prouct, the timo aa come wheu 

tho protein-rich oilccke ohould bo conoidorod
 

atleast cm iimportant as t*-o oil 1itoelf.
 

The ,advent of"C'olvnt"Oxtraction has uhharod in 

a new or. in oil .il"ing' all over the world. 

Unlike oalier proceasin techniques which 

4ependef o.e'brute force in the recovery of oil 

tior., the cood, in the extraction process the oil 

io diloolvod in a solvant'ond recovered from the 

pwmrt emtoriel, Conditiond of processing are 

rel~ttvekj7 mild and conc~onial to obtaining 

quclity' pOduct4. The residual oil after 

eztr4on ocz down to as low akihlf:4. 

a rq.nt.
 



Thiidei~i trwnd in adoonced countries, of tho 

.worldi.to have anh oil mill cad an extraotion 

-plant under one roof. Idilling. conditions with"-: 

p9row preoos are so regulated that pro-pressed 

cake of 18-20%"ol content is obtaino,. Under 

thoco conditions, there ic no dewaae done either 

to the irotein or to the oil. The resulting 

pro-nroase o po,after uito-_ preparation, 

is immean i tl7 z-. oontinuously procoaeed in a 

solvent extraotion pl:t to recover the lost 

traooe of oil. It is high timo that such an 

approach to the proceonsi o2 oiloeeds in 

.adopted in this country ca well in order to 

obtnin beat results w:; Prize quality products. 

*Soybeans vhich contain 6aout 20% oil could be 

pro-presced with screw pronooe solvent 

extracted there-ziter, but the :e;ttor course in to 

handle, the boazu &irootly L thq solvent extrac­

tion pl-t. This ;rooodu'e is %lnoot 

univorsll? adortaK in .l aedv -nood o=trieo. 

P.8
 



Outline of' 

the Proces..._s.
 

BELIC 3OY3L1T PfOCZ33nfl. 

Processingof soybeans for the-reo very of oil and 

manufacture of commercial quality"defatted meal 

involves the following basic soeoti*6ns s 

Preparation
 

Extraction
 

Desolventisation of Mare
 

Finishing of Meal
 

Evaporation of Misoella 

and
 

Recovery of Solvent.
 

'The beans, "when received. a-t the factory, have to be 

separated from all foreign matter; ferrous impurities
 

are separated by magnetic separators while dirt, trash,
 

etc., are eliminated by cleaning equipment. The
 

cleaned beans are cracked, during which operation the
 

hulls separate and are recoveret pnbumatioally, The
 

beans are conditioned and flaked before being delivered 

to the extractor.
 

In the extractor, the flaked material in treated with 

24 



solvent'-nd9 at ~the-.end-bf 'the.eXtraction process, wet
 

a=* and misoella are obtained.
 

The wet cmein desolventised in a Desolventiser-


Toaster after which the meal in ground to size,
 

cooled and packed into bags.
 

The miecella obtained from the extraction section is 

evaporated for separation of oil and solvent. The oil 

is finally stripped of all solvent, cooled and delivered­

to storage. 

Solvent vapours from the Vntire plant are recovered in 

water-cooled condensors, The condensate is a mixture 

of solvent and water, which are separated in a water­

solvent separator. The solvent is returned to storage 

while the water is finally stripped of all traces ot.'; 

solvent in a flasher before it is allowod to leave the 

:plant. The uncondensed gases may still contain some 

solvent and this is recovered in a epeoial recovery 

system, The solvent-free air is vented into the 

atmosphere. 
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&.?3?J2.TOI OF OV- 3.
*i'.hL, Ml1I-


In moot irooooaimZ induotrien, -roper preparation o' the 

raw material io a very important requirement in-luenoin; 

the purity of finioned iro ducts obtained nd the effi­

cienoy and eoonocq of operationa. 3ofbean'proceooiny is 

no exception to 'tLi general principle.
 

Beiae an VCrioultural iroacoet tie beans thet arrive at
 

the proceooina ftotory is lirely to contain forairn matter 

ouch ac leavan, tvio, duot, atonaoa, naile, oto. 7zeoe 

foreien naterie-lo ".*.ve to be elininztod -afore t'o re-ulr 

rocooinC otarta; otherwoe exienaive equiv-amt is liablo 

to be da=red a::,. +2. purity of the finished 'rodctu 

impaired. 

Cleeani, of ,aCore entering V--e cloanins ecuipmentp the beans are 
joyboans. 

pasned over a ngnatic separator which eliminates tramp 

iron w:ioh ner be pr-oent in to etocr. Uanetic oepa­

rators may employ either 2or-r.as=t -_zCnets or eleotro 

nagnets, Drum t7po eleotro urCagnett appear to be prefer­

able booauoc the iron materials whAich nay be arrested 

are 2utonotioally diochcred into a bin provided leaving 

the pacoaZe !or the -aterial frue. In the czae of
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permanent MAeOta, the impurity aet attaohed to the 

Sacnet and re.uiros external aenoy fir its removal. 

Besidess when a lot of impurities accumulate on the our­

naeb of the manet, it dooo obstruct the flow of matorial. 

The strength of the agnoteic field is Cenerally niuh . 

hiahor with elootro magneto and, therofore, separatibli 

of tranp iron is moro effective. 

Com=lete 
cloaninn 

A modern praotice in the U.OsA, achieves perfectly 

for odible cleaned oodo by emloying a 4..sta-e cloaninr equipment, 
Products. 

each of the staCes perforninC a sopoific function. The 

first at_%e, (enerally "-ovn ts 'Pnonatic 3calpina' is 

intended to remove liCht impuritios such as trash, dust, 

chaff, leavoo, straw and pods. The air-waahed product, 

which incidont lly is thoroughly aerated, pasoos on to 

the ocond stCro. The Oquipmont for the second stage in 

essentially a system Of vibrating screens; 'the beans 

pacs throuagh the perforations o2 the top scroon while 

larer impuritioo pae over and are oltminztods On the 

lower careen the torforationo tro too snall for the beans 

to pass through but finer particles of foreign =attor Cet 

throuCh end are discarded. The beans roll down the lower 

dook en' ^t the dishanro point encountor a eurtent of air. 
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Tae asirntion arrenaananthioh.lifto licht impuriti'o. ....

will also lift,inferior,qyuality beans.which will be
 

lightor in voight. 

The third otano io the Deotoner, the purpooo o: which is
Deatonor. 

lass and other foreign
to ronova all stoneso, natal, 

to be present in the stock.naterialo that may happen 

This is achieved by allowing the material to pasa down 

ourrout of air is made
an-inclined vibratine ocreon and a. 

the coreon by moano of vacuum. The airto pass t:rough 


flow is said to hold the natarial in 'otratifiel flotation'.
 

ionvior matorialo ouch ao stores, rlaec, otc., travel up
 

the acreon and are eliminated. M3 product itself flows
 

end of the deck the
down the ocroen and at the dischara 


botton portion of teo bed consists of aravity pure finiahod
 

product whilo the top portion contains the lighter impuri­

tieo.or further purification.
 

Gravity Th top matorial roorrod to in a irocoding paragraph is
 

3oparator.
 
,received on a rravity oeiarc.tor, which is the last tagoe 

tho gravity oonarator inof the cories. The purpoo of 

to.olininato !oroiCn matorials which are ofI the came nize 

s..tooano,.t oa-rrtion being achieved by taking 



advantage of the diferoce in specific gravity.
 

yields a perfectly
Abridpod he foregoing 4-otapo cleanina procos 


ci oaning
 
for coner- oleaned product v.ich is 1or ultimate edible use. 3uoh
 

cial nol.
 
elaborate oloaning nay not be necooary for commeroial 

quality ooyzeal. It is cuotomary to uae a single clean­

ina machine with vibratinc, ocroono and aspiration arrance­

ment for cleaning bonno dootined for te annu&aoture of
 

It i.s oaid to be the prectico
commercial quality neal. 


in the U.S,,. t:-t C-e rntorials rooovorad during the
 

variotw sttgoo of cleanina, except !or metallic inpurities
 

cre Crod and added back to the commercial
and atone, 


quality dofattod neal, in order to ninimioe veieht loss.
 

P38EPZATI 011 

Crackin., 	 The cleaned benno bavo to be crocked approximately to 0 

pieces by cruo-in; machinos whioh are eoentially corra­

aatod roller nillo oporatinG at differential opeeda. 

During te craocirC oporstion, the husk ad!orinc the bean 

io loosood. 7c, "ixturo of beano and hulls can be used 

ouch witiout ooparation whon to end-product doirod
so 


3owever noot procesbora
io oororcial qu.lity 44% noeal. 


prefer broad oparation o:? the hulls from the cracked
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beano before the conitionine and flaking steps. In ouch 

an event, the hulls which are separated are either ground, 

toeted and added back to the defatted z sal in the finioh­

ing section or 	are fed back to the main otreanafter'thu 

flakina operation. 

tTien high protein 50% neal is desired or when the end­

product i noed for human consunption, separation of the 

hulls from the beano is eosential. A 'Pneumatic Ocalper' 

(referred to above) io generlIly adeouate ,or separation 

of hulls for high protein 50% heal. For edible iroducts, 

hovever, C-o air-*aehed beano are h:.ndled on gravity
 

separator !or the elininction o! last traces oa hulls.
 

Conditiogn. 	 Te ormckeC beans need to be conditioned before they are 

flaked. Me conditioninC otep is intended to soften and 

plaoticioe the material wihioh Jo achieved by increasing 

the nototure content to bout 11A at a temperature of
 

70 to OOOC.
 

Flaking. 	 The conditAoned beans -re passed throuCh a Flaking 

machine, whaoe purpoeo io to flatten out the naterial 

into thin end qohrent Ilakes aout 0.009 of an inch 
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thick. Kae flahee nre,..then .3aooed on the 3xtraotor for 

the recovery of oil. Tho flake thicknees has a great 

influence on the ouboec.uent extraction operation as would
 

be 	evident from the follovin, table: 

3f.ect of Flake Thickneso on the Rate 
of 	3xtraction by Hexane.
 

1. i3xtraction time in
 
ninutes to a 1%
 
residual oil content:
 

Flakre thioi~nona (inchzeo) 0.009 0.014 0.017 0.022
 
Tine of extraction(Minutes)5 12 25 70
 

2. Zoidual oil oontent(%) 
after variouc twines of
 
extraction:
 

Fla-'e t1_-icneoa(inchea) 0.009 0.014 0.017 0.022
 

%ecidual oil 
5 minutes ext. 1% 2.5% 5% 12%
 

10 ninuteo ext. 0.35 1 2' 3,5
 
20 =inutes ext. 0.2 0.6 1.3 2.6
 

Lookine nt the above table, five tines as lone a period 

is 	recuired to extract the flakes to a residual oil content
 

of 	1% Trzon the flake thic'-nooo is rougChly 4oublod from
 

0.000 inches to C.017 inohos.
 

* 	 (4.1.FO!-2O, Proceedin~o of the ill India 
.orkcaop 0onfere-ce on 2rooesoing, Uti­
licttion rz:d liarketin= of Ooybeanu,
 
October 7/9, 1089).
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SOLVBENT !3XTACTION. 

Dolvent extractiont ao e.3.-lio- to the Oil Induotry, is 

concernod with the separation of the liquid conpon~nt 

(oil) held by a solid (oil boarina material) by troatc.ont 

th'e liquid conponentwith an immiscible solvent in whie 


id ooluble. The extraction prooea bjaically involveO two
 

operationa: (a)brincina the solvent and the oil bearine
 

material into intimato contact and (b) aoparntion oz the
 

rooulting phaceo,
 

nm. o3aloully tho )roceos of extraction is a combination of 

loaccing and washing. Loac"ina refers to the dif.uaion 

of -tho oil t:rouh t-e liquid fillod on te solid surface 

o t1he material under extraction. Prediotion of the rate
 

of loas'inc io complioate- by the fact that the intor­

facial area dooroaeeo as loac'ina proceeds. The major
 

resiotance to the difCouion of oil to t:e solvent occurs
 

within the flakes. Ooiourne and Zatz oboarvod tCat "the
 

major obettole to extraction is probably diffuoion trough 

(tho cell valls and tLat the initial rapid extraction is to 

be attributed to cell deotruotion." Conoequontly the seie 

of the fle-_ or particles propared for oxtraction plays a 
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key role in the rate of extraotion. The rate of siiplo
 

diffudioh is direotly proportional to- the extraotion 

temperature. 'It is-.ob vious that as the temperature
 

rises, 'the visoosities of solvent in.oil are lower
 

resulting in rapid rate of extraction. In oommercial 

practices, 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 - KDn 

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

D n Flake thickness or grit diameter 

K.& A - Constants. 

The relationship on log-log soale between T & D is a
 

straight line with a-slope equal to In'. 

a measure of ease of extraction,
The constant 'K' is 

whereas the exponent In' is an indication of the 

influence of flake thickness upon the extraction rate. 

Inoidentally-it may be of interest to know that the 

average value of In ' for soybeans is between 2.3 and 2.5. 

WaehinR:. Washing is the process of removal of the solute already 

in solution in,-a liq sid held mechanically by a porous 

-solid,"in this oage the material under extraction. 
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The .butidt eitieion i. t~t a :Alt Ia-Dlatri~iitioz 1a: 

W20:Oe 3? = oil concentra~tion in t%e mticelle 

x a oil omoeatreivion in t.~e oil-


Pior moot eyaonal *_oover,MI varies considerably with 

concenmtion oZ oil in t~e =ateria1 uneer proceoa, a~nd 

t .ersleatio on= intrdly be* clled a 'Leaw'. 

Uloiotiurs. 	 Famn aze. Co-workrers 'Counel' t:-.ct '_AC er t-.e noisture 

content o?!-t~e ::teriril umcler *,rooeau, t~ne lower t:-e rate 

o! extractioni. I= Caotp t:e rate of extrcotion drop~ed 

cdoffm im an a1moot ez,o0nontir-l form. 

Reoldual uring tL-e examinttion: o! tZIS otruotural configuration o2 

the oil-bserin,- ntlericlo it tV. rctewias o'oaerveC~ t 

of extraction Z611 ct*e'317 to t:,e ori~i1mnl oil contont in 

th:e oil-bearin!-trrl :,eat dlown. :'rnofo*"y and Co­

war'-era h~me vadvt:oaC~ t'-e !rypothcio Ct:4.t~e Glow :imt.1 

extrtotio= rato oo,-cI. *,- tZ:. racult a'&decreaoed .lWb1­

itq oZ t' lat ?ortiouca;o' thea oil. In other words, 

the loot portiono o'2 '%*-e oil bea 7re;o::derant inZi ~os­

84
 



phatidesm it in ponaoible tiht tLe Lpi.aront rate oC ex­

traction of the oil. oomes own. 

It wa,aound that ct tae lower v'-lues o; the fraction of 

the totl "oil unetraeted at the end of a-jxticuler tine 

.eriod, there is a linear relationship botween the time 

hours and the loaritic vclue of the unextracted frao­

tion Of the Oil- Z"1e7, hio-jver, euphasioes thazt this 

relationship is valid only in all &iche. hevina the sane 

uniforM thiokness. Obviouoly such a situation does not 

prevail in iraetioal .orkin conditions ad soce devia­

iiono are bound to occur. 

-*on- 1The two i:norttnt vaectiono -.ieh arise when conoidenin,
cideration..
 

solvent extraction are: 

a) ;ct in the c:aatity o! oil that can be 
extracted? znd 

b) Zov fast can tLhe oil be ertraoted? 

tie first v.Aestioz is con.ected ,ita the ecuilibriun or 

the -Taohability aceot. "'o p2rcuotera, which determine 

the rate et ,::c- the eculibriu. io obtained between 

The 	miscella outoie the oeeC .rticles and the nzmeelle 

wit:in are: 

1. 	 the intrinzic oai olt !or WLfuscoa of solviat 
and oil. 
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2. 	 the-vtscooatiearof :thi~two 
3. 	i7-e Dice and OhkJe oC the oil-bea-rinC, :.,aticleo 
4. 	 th:e in ternal otracture ol thae oil-bocring 

material 
t:11econ - i-tiono of temperatuie, rVnd: 

a.moe~iture level. 

~inM Te 0iripleot !o~m o--! extr7.ctio.-i Vi3e inale contact
 

Zrtreotion. operation in -Iio' the oolvet 
and oil beerina zaterie.1
 

are brouC*ht togefther'2or a sinEle bztcha extraction. 
 Me 

oil io tranclerred 2rora the- solid Phaae to 
fLhe 	lieuid
 

PI1S90 and f;2e onoeatrationo in the two phcr.ses cqpprocoh2 

equilibrium eveattu.lly. Tae anount oil oil extract3,, ic 

doternined *,y the irount oC aOlvezt Gmployecdo th-e pariod 

of contact, th.e ec'niliEzrium relation !or the c.-cton and 

the 	 entezt to WhIich it is -3oonible to &,roach ocauilibrim.­

..owever, th. final miooells . he mre in a oinalo 

contact Ooeraticz are'eccantir-lly in equtili'3riun withz 

each- other z~d ths -- ou-t of oil extr,-cted wiit' a aivem 

SMo~t Of 80ol7ent ic eorizito1y iimito -. T-ha efioiancy 

P'rmitte2 CIOtaqc*-ilirium involvee isuually po3or and 

haace 'th-'Ia 4.7-1 o operration can hardly baeonployed on 

an inductriai scale. 



Unitiole .obvious in.rovo=ent ovar 3ingle Contact fxtraction in 

Coatzol 
gitraotion. e nultiple contact eztraction uoinz ireah solvent 

in 

each contact. The reduction of oil content in the oil 

betrin mterial may theoretically be im.rrovod to the 

deoired exte t by incranoinC the number o. contacts or 

atzCeo oZ extraction. It _ny be aeon thrt the concon­

tr-tion of miccella in later ateges is low. Concectuently 

this =ethod o! o-eration is uneconomical as the 
solvent 

to =aterisl retio in "xigh Conventional batch tmype 

plante in the country follow this type of opera-tion. 

•0ounterwurrent Ze next logical dovelop-ant hao been to operate a 

*per*tio ppnier of batch oxtractoro in oeries & a battery, In 

thiac ooten the oil boariC. =aterial to be treated 

cetera ti Afirct zone .7'hilo ill the fresh solvent enters 

+h last zone. "I-ilo the material itself is stationary, 

the flow of colvent is counter current and all 
the 

Dolvont ieaooa throuh oeho'- etaCo and the overall offi­

¢ioncy fo- - Civen amount o2 oolvent and the number of 

otzoo is a-,recicbly bottor than the earlier attempts 
at 

colvent ext:--otion. 

Ccntinuou Dionatisl.ctio - Tritha inioontinuono opoatina tsohudquoo 

Bztraotjo. 
resulted in the devalopnent o- continuous counter OuvrOZi 
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extraotion. Theoretioally =mximiu eztrqction e-!ficiency
 

in rchieved if it wore .3ocoiblo to obtain intizete con- ­

tact batween te ph-se in an a-.nuratu. in which tho 

dolvent and the oil bearing aterial aro paoded continu­

oumly in opposite direOtiona.
 

Guboraed Thio h!.o been attenpted,in various rtya in the earlier 
.xtrao tion 

- Zildo- continuoug extractorop oue! as ldearandt 'UO Tube tye 

brmndt 3x­
tractor. To.rer 3xtraotor. In ouoh =othod of oparetion sobvoral 

practical di!2ioultioo ,oro oncountered. Firotly, the
 

preparation of the ra-u torial ooonoa ocritical for 

aohievinc Cood reoult. Sooondly, tLe aolveat-catorial 

ratio runs "i h. Thirdly, tho metericl crumblao to 'finae 

rocultin in problon o1& coearation of the bto phaseo. 

Finally=, variouo encineorinv diiculties vere aleo 

encountered. Hence t',io oystem of 1Oubaoreed extraction' 

Tas Cradluly disearded in favour o2 'Percolation' t-rpe of 

extraction.
 

extractors, doesPercolation -anoanule, unliha t:% earlier typo of 
3Xtraction ­

icmorao tha oilseod slakos in the colvont, butVortical not 
bso::at tr)e­
T-Aon1W0 o extract. by tho perool-ti4on oAf solvent through the seed 

1?ronoh Vhilo tCoy are h.%ld in a series of bao-ots with porforatod 
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bottons. Me taekets are sa-'ported by endleos chain 

within a Gs tiaht "1ouoin-. The flow of solv83nt/nincella
 

is co-current in the descendinz side and counter current 

in t:2o acendine side.
 

The 	 principal advantage of baslet type extractor is that 

it yields clean miocella w.ith mininum otent of 'fines' 

because there is no ,acianical disturbance to the =aterial
 

under process duiina the extraction peried and the descend­

int 	baskets lorm an effective ceries of filter beds. Its 

principal disadvanteaes aret
 

a) 	Distinct pocibilities of channellina of 
sol-rent flow through the mterial with the 
attendant rio" o! part of the material 
pasaing unextracted, 

b) 	With some type of materials, a tendency to
 
pack in the bao'-et and become relatively
 
imnpervious to nercolation is noticed.
 

a) 	Should the nerforatea bottom of any bashet 
become cloaged, the oolve-t/miscella being 
unable to pass through, overflows into the 
outer cont-iner and the lower bee'-oets may 
eacape contact with solvent/miacella. 

Percolation Do bet of Irtwerp, 3elCiun, pioneered the horicontal 
"xtrection ­

"erizontal 2x.tractor with a sinale articulated band conveyor, Te 
type - Pe Smot 

material under process is itself statie but the moving
 
band exposes the material to a aeries of extraction
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ages. The flow of solvent is continuous and fully 

counter current. In each extraction stage solvent/ 

miscella is uniformly distributed over the bed by a 

combination of an atomiser and spray breaker. Adequate 

time for drainage of solvent/miscella is provided in 

between the extraction stages. Clean misoella is
 

obtained as the 'fines' are retained on the top of the 

bed which itself acts as a filtering medium.
 

Ths type of extractor has certain obvious advantages.
 

Firstly, the rate of circulation of misoella could be
 

varied at will at each extraction stage independent of
 

the other stagos. In other words, maximum rate of cir­

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 independent of
 

the rate of circulation of miscella in different stages. 

Thirdly, channelling effect 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 mechanical brushing and 

reVerse rinsing provisions in the extractor. Fifthly, the 

,facility of regulating at will the height of the bed 
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&MC: 4'. 8aaJoc o- t: m~ovin, 'band =&:Gv it )ou&iale to 

t:io-tn CloziA.1it-, in oparation. 

M~ilo :. ::-.t ;~~~tris r.c'1& ctoinot 

.?r1o7eOen-t oT7-r Kie eerlier =o'-,ctors, it is act 

withouAt ito o'iv C'mt~tO In nmiotic-l onorwrtiof 

'ft-en' do za't into t-. mioo&l a t:-rouch interatices 

botveaa t., ot.uiC:-*.ento oll the :bir.- conveyor. 

'4-o ti -a :r-uirez .o extri.cto-o in relatirall !ii3b 2 

*!~o 7he eztreaotor !:; biu'.ry and' occia'ies C~ lot.:of 

oLi Cor a given tonae - a ooriouci Z~v;tXOor 

1er,-r Ca-)-&13iO. In SOt, t. ainc;3o 9Etrc~ctor cani 

li on' P.t50 Ton~an o-- ipoybean/<V endrofor 

hic,.e1' a-,n~citias maltipla units P-re nvoece r7 while 

ot..r trvc o-' armatok-a z.. /'rcup&10=08pax 

.Jzr"Io'! ent Gor==y 21." %160o e;,,'toL'd OV3W to a 

-orizoattl Vrpt entractbr in receat yoirs. 3ut, theyp 

L-:.vu two movinrC bzmdo and a cot.oC rootancu:...: jozes, 

topyal nc e botto-nloso, =ovimC ovor t:-t ba"*Co for 

oos~r..rt~aentalioatiom. The. =o,7.mnt oC -.11 Cie bands Is 

oyro*.ruaioeC !iitZ%z npeoal meoianism'. The edv"...ae.s 
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Cyindioal. 

.xtraotor ­
314w jag 

French. 

olaimed ia turn-over o. t:i bed half imy through extrao­

tion when it falls fron the top to the lower band.
 

Prenoh Oil Uilln of U.SL., who offer a ranae of 

extractorn., Bcve a horizontal model t9o., which is said 

to have boon very 2opular thouri ou~rnp trend for larger
 

oapacities anear to hevb ohiftod *reference to their
 

stationary bao'ret type oxtractor. 

The Rotocell 'tractor operates in principle an a Do 3net 

-altractor exeeptinj that the extraction c tcgee are
L 

arrahaed in a circle and not linoarly. It is a percola­

tion type extractor with a slow moving cylindrical basket 

"ouC3c in A gas tight easing. The roMating cylinder is 

divided into a nunbor of segnento eloh of which-forms an 

inepodent comoprtuent. All tho segments hav'porforat,4 

bottoms. The m torial to bp fed to, the extractor is 

receivoC at one point and the extr%eted naterial in dis­

char o at anothor. The porfordted bottok zo hinged in 

GQch a Way that they open out at t:13 .?re-deteried outlet 

to ei cacrge the9 taterial. 

... Ontt.ei..d 0onpartonts of the B6toeell makes it 



extraction, if recaireC,
poeabibe to _e'e eurcbre 

without mixin up o. niocellas. 

A rm~rzable feature of the Rotocell Mtraotor is that 

the time o? extraction is roeuoed to about an hour v'-ich 

ic lea t-an halC of the Do Get 3xtr-ctor. This is 

aochieved by the introduction of a pre-ooaine stag. 

before the material enters the extractor. The Southern 

Regional PDsearc- Laborz-toxy, lTew Orleans, U.S.A. had 

established in 1954 the imiortance oZ soakinC in solvent 

extraction. "MTe solvent proceasinz phaoes of filtra­

tion znC extraotion consists esse~tially of c snClo 

soking an& soa!_xing of the ireitred material in the mas
 

ic.oh contains 20 to
concentrated or 3roduot -isoella, 

40% of oil by veight. Zere, oubstantially all of the 

han been oorroborated bylini6o are extracted. Mi 

onKulkarni, Coato and -Karnovsl7 in their recent studies 


iecheisam of solvent extraction of oil-bearing
the 


-C.terials (L-prove. I.ztraction 292liiemoy *y double soak 

entraction '-ocoss - 3.L.l'k,"uin, i.V.filtration -n-* 


VJZ 3.k.. Gfastro0!C,TkO3C.O Idy
raois Jr., "..L7 . 7 

10811 ?ace 250).
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The 	bene:fical" efets ol pre-soakinc may be summarised 

as follows:­

1. 	It elininates interfacial resiotances.
 

The oil cello are enveloped on all sides by
 

solvent, w ich enters the cells and ruptures
 
taea. Conoecuently cell wall barriers are
 

)rokeA down. 

3. 	 Clooset nooible contact between solvent and 
solids io achieved, thoreby pronotina facter 
extraction. 

4. 	Prep r-tion ceases to be critical and is 
reduced to seconeary inportance. 

This may be considered as a distinct inprovement in 

continuouo solvent extraction teohniques. The cylindri­

cal construction of the Rotocell 3xtractor is obviously 

econonio.l in.apace and lends itself admirably to larCe­

sized units.
 

T-e 	 disaevantaaee o this 3xtractor a'r-ear to. be.s 

a) Absence oi-aay -?tovioionfor cleaning the 
perforated careens in t'-e event o. their 
being olo[.eed, and 

b) 	Pocoible =,eeh=izal Ci.ficultieo in proper

olooin.: o:: the erforated bottons after
 
dio 	:arae. 

F'ie?rench -ktraotor o the trenoh Oil LUill Lzohinery 

Oonpany, Piqua, Ohio# U3,.J.. is bawically sinilar to 
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the Zotocell Extractor, the'prinbipal differenco beine 

pot the bae-aet itaelf'lo stationary -:"iAle the feeding 

It is olained thata.d diocharge devices cre rotatinZ. 


and results in
this.tr.ozinement reduces beirina leads 

lo.ver inotallation, o3erration and naintenance costs. 

Filtrex The Filtrex Extractor developed by the 3outhern Regional
 

.3=tractor.
 
eeeerch Lancoratory and maugotured under licence by
 

concept11uroter .Sancer,. Inc., Chicago, ushered in a now 

in continmoun solven:t extraotion. Pre-soahinc o- the 

prepared mttexia1l (th iorit" of which ''ave been 

eerred to .qu.ra)"i the 2irat basic step in thia 

Soalnin is achieved by a slurry ofoxtrtotion proceco. 


the flakeos in the solvent under controlled conditions.,
 

The second step is the feedina of the slurry on to A 

rotary Crun type vacuum jilter. 

Lilooella hold-up is conoidored to be the deterninina
 

faeotor in te Coiotz of extractors. (Golution Zold-up
 

as a factor in Olooed 3ztraetor Douiatn JD.Xeane & 

In the peroela­0,T.3mith, JAOCS, L.y 1950,: :age 199). 

tiou type of extractoro, the nmioella held in the 

nceterial has to Ilow down by gravity only. In the Filtrex 
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3xtractor, vaouu in used* o. an aid for spoedier wit-

Thin, coupled with
drawal o! minocella from the eolido. 


thin layors of. to material on the f.iltor, !an m de it
 

possiblo to carry the vachina operation in a matter of 

3 to 5 ninuteo. 

The Southern R. ional Reoearch Laboratory have discovered, 

an a result of furttor rocerohoe, that improvod extrac­

tion efficiency in otrninae by doublo-aoIL: tochniques 

(Irvrovod 3xtraction 3!fioiency by double sak filtration 

and ettrcct-on procoono- 3.L.Dicquin, J..V.Graci Jr., 

H.L..7. VIX c.nd 3. .3aotroc:, JaOC3, oLay1961, Paeo 250). 

Under th-io crytom, .laL'o c.ro olurried cc uaual and aivon
 

a few Tracoo on the _iltor. T:tereaftor, tho filter caks
 

is again clurrie nn. :.ilully waood once again on the 

filter. Te coublo-coak -,roceduro ias boon found to 

loer -ooiducl li_ i'.o nt oqual olvont ratio and achieve 

ecrual rocidual lipido c.t loor oblvont ratio. In addition,
 

a *2rooooorcould e~'ly leas sovero and meticulous condi­

tion of proparzAion and otill achieve equal extraction 

:)rfornance Ct ecual plant bipacity. 

T_e outst.ndinC dva~ntaCeo of the Filtrex syotem In the 



ability to hridle c11 t:?oo of high oil-bearing 

mnaterialo without pra-pirsioing. The ao'tunal washing 

otha is reduced to tio duration of-a fewninutes as tho 

bulk of the oil to rooovored in'the 8l'irY stage. 

The 	dimadvent-at oC the Filtrox Syoten aro:­

1. 	The critical ro.uirement of a uiform layer
 
of. the ctorial on tho filter to necescry
 
for o-tic.cftory o.porcrtion but vory difficult
 
to obtain i, r
-otioo.
 

2. 	 'ho tranc-.cr of olurr7 to the rotary filtor
 
preooento iroblono for 3von !istribution of
 
tho :,ttori1^l on the filtor mnd obtainine a
 
uniform inr2:O.
 

3. 	Vae filta. hz-s obviounly to be providod with 
an air-ti,"t hood .hioh irooonte nroblons of 
Ito own, 

4. 	 In -ractico lareo cunntitieo of cir onter 
the oyot.m resulting in oxcocoivi loo of 
colvont t'.zd LhazFrd ol ox-)locoiv3) 3xturoo. 

5. 	The flino oct.!1io cloth on the. filter
 
fro.-uently oto clo ,od up bj inao
 
roruirinC rc-3tod bc- wazinA .
 

The 	 Filtrox 3y1ita is in -irimoipl.-vry voll conooivod 

and 	i-oorporctc cons of tio ln.ost ragioento in 

oolvout eztr:.ation, but i.-ot".cal Ciffio.lti .. in 

onein3erinZ t i.'oq;i.Tant !:ave porha-o stood i.- 2io gray 

of ito lareo soalo inustrial uce, 
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Crov 7-e Crown .Ixtructor a-.wo&rc to rotLni the basoi 
3xtraotor. 

acdm aoo of t.,.a Piltrez System wale Ovoiding its 

shortsoins, Its Ceai&n roveale zi;ACvaoenont over
 

otor oxtracotor.
 

3acoellys tho extraotor =-ay bo considorod to be C aort
 

o2 drag ohin conveyor formed liko B loop of a .artioular
 

ahape wit.. coa.:inz.:d counter ourrent vuohinZ ottroo
 

alternatinc.
 

I-mmodir.toly efter the fliaao ontor tho extractor, taY 

are oubjeoted to tic Zirat o- !our extraction pheuoo. 

-o7 c.:o :loocoC wit dilte niocolla (solution of oil 

and solvent) vwiio. o:eotively waches oil fron the our­

:acoo o! t:- .*2lcmo and *oftens" t* oil sells in tho 

Ir. te 'irot -bh.oe o o.traotion taa aolvent flows down 

tho trt 1,0 o:" ..::a 1oo7.La ti 34ne eiroction as tL. 

• c:o "do. Tia ta oC!..1 tho oo-oarront extraction 

p~as .111"111cta ti.7 .a~ treavolu ::,orizontally at 

bod eoon-Trice to th~e Cirection o! '.''ovouPniat.J, 
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jib... inoailled r90ylina phis' .extraction. Here the 
flake bodi ' tiltor &or the o/1l.rieh miolas a a, 

it 1. dr,a from the. bottom'of -the extraotpr. 

.As the' lak* bed* ives up-mrd in the second upright log 

of the loop, it it vcaed 57 iolvoant flowing downward 

teOuOh"it. M-is io Uo a. ter-oroat phase of oztr o-

UrA'ad erydflqto nisOell to aooi to oactmot a 11 gher 

.pez'en ae of ts oil fro3 tht.molid. Finally in to top 

of the loop, t: flake ;od hea been turned conpletely 

over and Is'.- 5jootod to a oseond peroolation phase mains 

fresh ooroat for m=zimu oil absorption. This fresh
 

seiroint,ya'"os amy oil-bearing isoells from the solids. 

The qplido . ove over.a drainage area and, in a memi. 

dr7 ondition, empty out of'the top of the extraotor at 

a oo:votnt rate. 

MARS Xr.Ltz unus.aal -type of 'ztraoter hbs several patent 

1., Tha tin of.o.traotion is Veduood to a nero 
' 30 -in~O - _out half of a Rotoooll 3xtraotor 

An less t_'en z rutrtor of a De Snet 3xtraotor, 
.;e r.emas::Ae roc .t is ?isuaably aehiwved
 
by.aouble so"::!zL; .eC the ztirtol during the
 
eztra6otion eyelo, ce* followed by counter
 
ourront Yrohina. 
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- an2,...The hoitht of the bed is maximum 600.M 
•..adv~ntuao when compared to the rolativoly 
deeper bode in the case of other extractors 
.1 end tCis also appearo to contribute to 
better end spoodier extraction.
 

3, 	Me material -ndor 3roooso is, during the
 
extraction cyclop turnod around 3 tizes and 

all the Par.WO'. the bad are o!octivol 
expoood to the miocolla/polvont. Thii--is 
porhapo anothor.distinctivo feature contri­
buting to better 3or;orme.,co.. 

4. 	Thlesolvent to lakes ratio iq ,laimed to 

be 0 7 t I on ei~ht basis andl the conoen­
tratfoh of ziuoolla is 30%. Vpio low 

solvent to fla'o ratio is-a noteworthy 
-feature oontributing to econozmr.in evapora­
tion costs ancl the uso ot smaller sized 
dc.mtillgtidn evuipmant for a given capacity. 

", 	 In the :bodntor current wvahinc sections thore 
are no screens or .perforated bottoms at the 
bottom,. no"io usual in Vain IV9,e of equipment, 
Inotead, a cories of specially Cesigned bare 
,aro placedW on end in juxtaposition in such a 

manner that they for.n a Crid'which, the manu­
facturors claim, Whilo .rovcntine the finoe 
from pacoinG throueh is also oolf-eloanin&.. 

6% Both the fed .o. raw m-teiirl and the die­
.ohC-rso ol extrooted marc are at the top oif 
the 3xtraetor - a feature conduaivo to 
o.aety cad reduced conveyor couto.
 

7f 	 An olectronic device locr.tod in the feed
 

honpor scans.and atoi'-tically adjusts the 
pegod of the o.xtrentor to t'"-a raw oatorial 

in.at via- tho ?IV drivo aooeri aol'" 
xtraotion and drainac-o timeo o the -6 ha d 

UnC eliminatiba "the poaoi;laiity of overload­
inc o! the axtriotor on the othor. 

D. 	 The driving mechanism of tb extractor is
 
simplified to a oingio opvoeltat PIV drive,
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9. The oxtraotor io vary compact and ta':oo 
minimun o.ace. A 200 Ton Extractor is 
only 2 ft. wido whilo a 500 Ton 3.xtractor 
is 5 ft. wide. C)acitios of about 2000 
Tono por day.oan bo han4led'by.ono 
Extractor. 
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B330LV TTISATIO1T OF HXTtC IUh2C 

After the 	solvent extraction process is completed, te
 

material 	(generally known as the '1.aro') is drenched 

with solv.nt. 	This solvent has obviously to be separated
 

from the material an6 recovered. Tie proesso is known
 

as "Desolventisation".
 

Effect of 	 There are several methods of deeolventisine the
 
Zeat 
Troatment. 	 extracted naterial. I:"te oaoe of soybeans, the type of 

heat trent.:.int :is a marked effect on the po:yieal, Chemical 

and porformaixoe c'haractcristico of t'-o final meal. Th
 

heat tre-t-.ent affects the enzyre, colour, water aoorption
 

an! nutritive value of the pro:act. (k.'.FOPWO, Procandints 

of tie All India Jorksho Conferenco on Processing, Utilisa­

tion AnA naretinl of Soyboano, October 7/9, 1969).
 

Difforencos in product properties by various
 
heat tre.tment conditions:
 

1. Uildest: Superhe-tod -'exane va'iour desolventiser
 
?;;I= Q0+%
 

Piacos*: 	 "lite, 'bittor flavo.ir, anhyme active, 
poor nutritional v"lIe, hiah wter 
aboorntion.
 

U9es8 	 3loac;ir, w-ite broad, yerst foo in 
brewing, protoin icol.tec.
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2. 	Inoern.aito: . Cteceoolvnticinc in driaro 
(.bcieo..no)MI w 80 to 76A 

Flakos: 	 Very liGht tan, clirht bitter 
ooreal flavor, onz3roo inactive, 
good nutritional value, ve-. hiah
 
water absorption.
 

3read, plywood Clue.
 

3. 	3trool: 3team docolvantiaina in "desolven­
tiner-toater" (DT) MDI w 40 to 60%
 

Fla.eo: 	 Light tan, cookaC cereal 2lavor 
(trrco 3ovninaoo), modorate rator 
aboorption, anzy-oo inaotive, 
oxcallant autritional v3.li1O. 

Ueoo: 	 Douc.hnute, rollo, crz'-ro, et
 
. ooco, ooymil-. 

4. 3tronaeatt 	 'roooaro cookia o2 1 oo !ro= 1,
2 or 3. 2D .	 5A to 0%. 

Flc''e: 	 '.n to Wrown, tozoted coro:l flavor, 
onzy- inective, b3ot nutritional 
vc-lue, low wator cbcorption. 

U0e: 	 Calf ril'" relaocero, soynilk, Pt
 
loods.
 

o .Ooy~oan oo4tainu covoral enzynoo n'_oao activity is un­

decirable gor any applioationa. Lipozidace is one ouch
 

enyOno ,^0ic"t tendency to oxidation by;-o 	 motivate 

:'yair o. utont=..od -oida to peroxiCeo. This 

oMnyro ic, 	 fa'-oo..,lothe point o viewt:areaoro, 	 iron 

of ot!ility of 	 t:e .iro1ot :-.nc ito .lavour. The trypuin 

inhibitor intorZaro 	 " iCaotion o# .protoin under the 
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iniluenoe o2. try.uin in the Castro-int~otinl tr-ot0 

.. T'herofore, the prooonoo o4 trypoin inhibitor io not 

doireblo as.it i. aira to nutritional value of the 

natorial. Ureaooe in nothor enzyme presont in soyboans.
 

Its 3roozoit r in to ortlyoe hydrolyois o2 uroa to form
 

Tho ldtor could be injurious
czrbondiozideanc- cnonia. 


to the animnl 4*hon -reoent in its food. Pro.,or hoat
 

troatment deotro~c taoo enzynoc nnd incroaoos the nutri­

tional value o1 the :7rodcat.
 

For sone pplioationc, -7.tor colWility o! te-2 protein 

in an in.3o:tnt conoidor'to:,. Thin io noaourod by '.
 

-DI or Protein Dis-orsability In'oz '-i*ch in Via percent­

&co o! oriminal .,rotoinextractod Triti ,tar under arbi­

trary extraction coneitiona. Me highor the PDI the 

better in water dioparoability o2 the protein. Low 

tenpnrnturo doeolvontioation yields a high 2DI but, on 

.- MiGh
the othor .nd, onzyno activity in loo pronounced. 


tenpor7oturo desolvontioction while CostroyinC the onzymos
 

also Groatly roduoco to iPDI. 

Low Towio- In batch typo solvent extraction pltnto, the dosolventi­
raturo Do­
solvotiontio.sation of the mor is ef.ooted in the extractor itself. 
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On compl13tioz o' tho oxtrction ?.rooo, taa oolvont ia 

a1o'vor to d~rain out ac ziuoh no pocoiblo ricd t~ior3Llf ter 

P. vacuun io ?ulloe- ovor tia va0001. Ovina to Via loweor­

int: o-l Via boili=C poinit o2 solv7ont at roducad proocuro, 

vsporiontio-- o - colvont ta!loo nlace.t#41, In onilor 

vaccelo tL-a lzolvoaticr~tion may be 'Lairly road but in 

theo 1crCer vooolo t2ic =-^y not ba co. In t2hic oyctem 

of .colovezticstion tL-3 latent !-ot of vayorication of 

t!-a olv~nt :a-a Za ron thio tota^l !ioat ofto -&Iin~ 

thio mace. I- 1-zr o oxtractoro, tia -'3rctava±2aa1o =-^y 

',a inadacu:to !~or tio iurp ooo.. Attozmpto aro --z,:o to 

ihoat - by porip'-3rc-l jnao-ot hoctin:Z :)t tiio*atorical 

io Conorally ino2---oetivo owian- to la1:za dioraiono 

o! tho vocool .n-r t:-: - :oo t trano-ler zt:.tic co.ndi­

tiono. Dain-~ t%3 axtraction -roc3ao, t-o nolvont acto 

CIa -- nadiu.- cf -'3%t trano2or -Iro.- V:3 Jac!,-ot to t~o 

nr-to--i~.l *-ut CIVrizZ &o~3colvntioation, .1o10vars ouch 

C. o-"t= !0 ',Goont L:~~onaoat tra*'r in poor. 

Lttom-ta *Zavo*ioon :.do to :at 0731r tiAc Cix -ici1t, by 

:-,a uoo o,- a o:: :-'wa-: 'cut axtonuivo coridonoa-tion o2 

atoan rootltao in lump Corz-ation i::ioh riahoo tIo relsoo 

of vnapour =or* die2loult, not to cyoa~t of unloadin~l 



thooo coaditioze in unot-.cl'.otory.
 

Vemutr ?:nace In 1952, MLsIf et al atudlod tze aooolvontioe.tion of 

Cation. Zezame liadoa ::.cro o-' ooyboen Z61.z:oo at lowv to::-porcr.turo 

by !,21ch dcolvontiattion iiocodiuro. It vus oboorvo'. 

Cant th~ore tn~o no dom-t: rction og protein *7.ioh 17aO 

COM~rally oxrvae,in t-'o Oo=23rcial docolvontioation 

operzntioz. 3u'.oo,-uantly tVo irooo va.rirabloo 'ora 

studioce *0y aZ~t al in 1?59. T.'-. Plash aolventizer 

Proceso e=-l3oya o:z:.o: ono 7-^-oura in cirect 

contact wit:I colvoz-l wot Ze3dotook to -3rovico t1: %at 

reruired Zor vaioriactio.- o-f colvout 7-nd to o~voy ccli'As 

tLroua~ tZ-a daaolve~ticin tub to a cy-clone cairttor. 

Lnjor portion o-- t:,eoe v& aora ro-:2oato- -.n6 re. 

cyclod in the procooc. In t:.-o Mae-', dooolvanticor pro­

cano Ciiroct oontaotw ja o*-trinad b3tw'oen ooliCso nC 

niapor-!hoatad vn-iouro. -i'toaivo uurf~ce ofarea tCio 

'ld:oo ic !u!17 Qiood -'or ::p- trcino~or. Tra coli.9 aro 

Ojmult-"ncuio1 "r- .:zrex riaz2 to t4.a cyclone coo,4rator. 

The ozprt Ci-,2aroati--l 2rCroooivoly Cocroaooa. 

POZ-AtO --AC aolVOnt XON,07t.l L.7 OU:)jotiZ, C20 00lidDo to 
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316V.t8L teo:x'vu~ for on~ly a Zeiv oeon.oe. T,.3 :1r.L-au 

a~ to=-rern.ttie Bubcoaocueat cooliz': ':Oecto Ltze 

ote.,n : * Cat;roo of oolvent rer~oval ic o~treinoe 

Ovoa t:,u;* - nol-vam Ic va-ioricec. into -m ,.tmiare 

.of ito orp v^-pir. 

0oliCo0 i=13t 0: i~2~c~codolventioer. Lt tk..,o woizt o2 

entrancep a. otre,--- ol p-r:2octoc1 - ai-c-ne wwr~o r'3otu 

it into -- 'Mevr.?uro : s well acV.o ooolv,.:tlcin:; tu';o. 

tio decoaontiood coyjo-^ . 1::o3 are carried into a 

oyolono oovarator. "--e %ot vsv3ouro c.~o fed jroL' to the 

blowier Cor 2Alrt*-,r rocircuintion. The deao1,.entised 

!l1'!ea eke Cice*-r-,dt 2roi t*,e biottom of the cyclone 

tL-rouh' iloL*-valve i::-to £Cz-ot:-er cooinr euct whlsre 

ooledt r 0' 'wn to cool t:d mool; "L. llui~tco:: 

Codi1. 46-l incIt~er eondc M1a!-eIctiem In 


collector.*~ ontiro' izct: lc.tiom except tie ooolima 

dcts LO COn~l-.tO'.y inao~ated to prevent heoat loo. 
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Drawbackoc. 7io *rocoaj,"oeverg oalla for a careful evaluation
 

of1 the followine factoro: 

1. 	The lipoxiesoe enzyme w ich promotes
 
activation of te oxidnrtion by air oZ
 
unsaturatod catty ecoido to paroxides io 
not elininated. It io called. enzyme 
ective coyf lour.• Thia enzyme elpao in 
breoad 'carinC. It ccuoec bloac-ing of
Cio 	 yallow qi,,po.ts o-Z Cie .i'"-at . lour. 

Me 	 flour wil1, '_o'ever, carry a otronC: 
c!haraoterictic "biny" -lavour. 

2. 	Tho trypoin inhibitor ic not completely 
dectroyed. 

3. 	To uroane activity io not reducod.
 

1Uowevor, t:e "-i4 protein dioporotbilitr index, if 

decired, iould be one of tie major advantagen of 

thia process.
 

Vediui Ten- In the earlier oaitinuoua oolvent extraction plants and
 
porature De­
colvontioation in some disoontinuous planto too, deoolventioation of
 

Sc3.;eLono tao mnro ic effocteL, br paaoa e of the aatoria^l throuh a 

caries of horizontal oto.u Jackotted cylindero in which 

the 	material is proCreooed by rotating pad loa. The
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naterial .oaccos in thin otreams and heat transfer unCer
 

these dynanic conditions io fairly good. The solvent
 

vapouro, w:;io -ro relenaod, are aspirated out of the
 

unit into tL- oocnenoinp cyoten. The temperature of the 

material emsrain, from the dooolventicino unit io
 

Cenerally 05 to 1000C. Soybean fla'-eo deoolventisod
 

unader thooe conditiono yield n product with a PDI range 

of 60 to 00. 3uch a pro.duct has a high vater Cboor-tion 

cuality with a -!ild flavour. iTutritionL.i c-araotcorictioo 

are, ioevar, not Zound enaourainag. ka roct of the 

continuous oolvent oxtre.ction ",1anto idi the country have 

only Sohneoken type driers, tiey would hav3 to add a 

toactinr unit i,2 tfhy 'wioh to 'rocese soybeLno. 

iah Tenope- Tho Decolvontiner Toaster lroceoo which rjado its 
raturo
 
Tror.tnont. apearance on c coriorcial scale in 1050 in U.3., hac
 

totally oclincod the con-arctively podeotrial type of 

tubular drioro. 0ra1 o2 th*3 oieoial roasons would be 

that botL the najor oilseods in tho U.3., 3oyboan and 

Cottonseed, Co recuire -igh terporcture troatcent for 

variouD roasono. 

Ono of the principal adcnt.Coes of tho DT process ia that 
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soybean meal produoed nau uniformly exoollont nutritional
 

charaoteristics. (OleferonooD.T.Proooso 
for 3oyboan Ueal
 

by Sipos & Iitte. JAOC8, Ilroh 1961, Pao 11).
 

0-timum con- It nay be roaocnioed that the optimum tine and tenmora­
citiono of 
tonotiar do- ture for tonstinC era inter-related and ncy vary for 
oolvontiood 
f9l:eo, difforent onoeioa of aninalo, ivano and UoGinnia 

dononotratod tCiat ooyboan flC:38 hoatod to 1000C in 

CutoolCvo for 30 -inutoo ero ou.orior to 1lc':ao recoivina 

creater amount of !oatin. An incrono in tho tin* of 

hoatin- end to-i-oraturo o:.ood lovior nutritiona; value 

for the fl!:!oo. Zapiardend later Altschul ot al indi­

catod that t:-e noicture content of the fl .eo will havo 

to be properly oontrollod to yiold a nutritionally 

ouporior toaotoC meal. '.ao iroonce of moioturo
 

inoreacooo the rate o'f dentruction of uroaoo onzymo and
 

the anti-trypoin fcotor. It also results In a rapid
 

ohanCo of reduotion in -)rotoin solubility in water, 

Oporation 
 The basic DT deoiCn concioto of a ceries of oylindrioal
 

1ottleo arranrod vertically in ouch a manner that the
 

ceal oan flow by Gravity auccooively from the top kettle
 

to the bottom '.hottlo. The neal-flow through different 
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stzgegs may be oontrolleC by automatic ZAteo, The 

.solvent wet raro from the oxtractor entors the DT 

throuh the top xottlo. Open Otec io injeoted into 

the solvent ladon meterial through hollow o:sft. Tho 

abaft has mixing owoopo also fitted with oteom injoction 

in .t& h!,rher torn3or-.turonozcle. Mhe injaotio-- ato'.. 

an tendo to condence on t*e flu'--oo. Consoecuontly, 

neooaoro7 hoat in furnichod by thie open injoction stoeam 

to vapourino t~a solvent. Ouiciont live ato-n is 

to? -ot .;tt1- -o ,-c;ourioo all of theinjootoC in '*o 

solvent h".Oat t:.o lr::Os to Ca o:i.tly ,z *?. L 

t-o :,onl lowo into t:o loiior :-ottloc, tho to--ornture 

of t'e mo.1l io Iurthor incroaooe .T,introtuci-n oteno 

into the jacheto of the Louole !otton pletao and also 

tie o'holl of the DT. Duringinto t:o 	Jc'--oto aroun 

thi mOca o, part o: t'lo roicture ia aloo rorovod and 

the desired moisture lvol could bo -aintainod by proper 

steam control into t'-A jrcL-ot. Finally, th dooolvon­

out of to final Cats into atiood toacted meal flowo 


scorew oonvoyor or t opocially desienad plug conveyor.
 

5 ned 	 In to modern DTN, tho u:.-oer dooolvontioina portion of 

the oquinont in mado into m. oxpnod dor.o, This 
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lowers the velqoity of the vapours leaving the ourface 

o! the me-l 3roventin, flutdiontion of the bod, Conoo'. 

4uently, it would ilao augpent the capacity throu&-hput. 

It neq aloo be conotruod that the entire DT is divided 

into the dosolvontioing zone and the toaotina zono by
 

addition o:? thin oxnaneed done. Ac t:o live otoen
 

recuirod for the daoolvontioor function has to flow
 

throuCh a dooor bod o! coal boforo leaving te DT, it
 

would conoocuently reduco tho cuantity of live oteam
 

reouirod. It irrprovoo the contact betwoon the live 

steam and the noel. 

Hodorn Unli'"e the earlier D"To, the live tetam is injected in 
Practice. 

te third con2crtront and the hot oteam and hexano 

vapour. will have to *,aos through the second and first 

otacoo in th,.t order. The dosigns of the firot and tho 

oecond otacoo are aloo I^d3 in ouch a cannor so to provide 

a judicious contact .aosa~o. The dooign of thio paooaae 

would on t'he ono " and me'_-o it poooible for the hot steam 

vap.ouro to come into inti.eto contactw.itb tho onterina 

eoal and on t.o ot'*er hand avoid unneoooosary development 

of une.eoirable .z:ocouroa in tho DT. 
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It nay be of interest that about 90% of hoat input for 

the 	entire deool'entioina and toacting opor~tiono come.
 

from the injected live ateom into the third ohanbor. In 

tAaoto thin is exactly the bcsic function of the DT by 

Tihich nooenoary noiaturo level in reached by condonoation
 

of the otoam. TZa oubsoquent torotinC at high noioture 

content required to optimioo neal quality in a corollary 

o! the first dosolventioinC ow ction whore the condenoed 

otoau provides tho noco ~er-! roioturo. -etnilod trialo 

on nutritional cu*lty o2 " o :;T ?rocooc -:Carial !-av3 

indicatoe t t.o tiue in t.o toating not nt .IIh-t io 

oritical. It ooulC be vzriod th-roughCwido li--ito without
 

coriouoly afloctin t'o noal quality. The moioture contont 

is also easily controllod an this io primarily related to 

the solvent con-ont o! t". oxt:-.zted soyboan flaikos at 

the inlet of the LT. Toro are, howevor, two Aectora 

w7hioh seen to be roo-onsible for the oxcellont quality 

of 	3roteins
 

1. 	 Mie i:ior o! i; jeot!n,, :oiaturo uniformly 
to inaCIviCut-l fla:,o narticlaoo and 

2. 	 .Ma call0lrr oezloolon No to vtnoriontion 
-of O.vent. 

In t.- ZT, tA otot- a-vtroonuont eharaetorioes tho do­

oolvozbigi. v,.otion o_f--'o anit. Ilecocary hoat in 



this.zone ic furnished by livootoam condenqing upon 

the individual particles. Thin in in contrast to the 

earlier methode of toasting whore water as a liquid was 

mixed with. the dry flakes for to subseoquont toastins 

oporation. This aluayo resulted in improper diotribu­

tion of water uniformly to c1l the flakes and resulted
 

in a ceal of embiauous nutritious quality. In the
 

combined DT operation, each flake particle responds 

uniforily to troctmont in the subsoquont toaoting noc­

tiona prevontinc ovortoastina ot some and undortoautina 

of others, in view of the fact thzat the injacted live 

oteam ondenooe uniformly on all the flakes in the do­

solvontising operation. The result has boon minicioind
 

the loon of valuable nutritional factors.
 

DestruotioA aistological otudiev of the DT soyboan ceals have shown 
of Cell
 
Walla. an unusual dastruction of the collulosic coll walls and
 

Oelonoraticn and conloaoonco of the protein grades 

proont. It is obviouc t*.t tho total destruction of 

cll wall iQ due to explosive vaporization of solvent in 

the Cobolvontioine mozo by the injoctod stoea. In 

dotai;,C( teat8 one by'Contral 30yA at their laboratories,
 

it wan' obierrpd that the DT meal 2rosented an.exoollent% 
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nioroaoopio croon ceotion Goerin(.: total destruotion of 

the cell wallo. Correlztive feeding teoto o. the neal
 

shovwi such a microcoopio croon osational viewo have
 

prodnced exoellent results in contraot to the poorly 

toasted meal or, combination desolve tisinC, water
 

addition ana toasted meal Whore the total cell deotruc­

tion was not noticed.
 

Ti=e of From various e-3erimental ,lanzed teoto it wlc3 
Toastin", 

4
oboerved t:tlw the opti-un nutritional vtlue is main­

tainoC rt 10 ninutes oZ toeotin3 and beyond that, even
 

after tot-tin- to 40 -inutes, the reductior- to either 

t:e "ain or protein of iciency is nominal. 3tririnC a 

-.ean it io oboerved tLt a toaotin; tine o! 20 to 30
 

minutes io rather si-niaicCnt. 3inco the trade is also
 

interesteed, for cone un!known rec.cons, that the meal is
 

brown, the toastins ti'n3 o*.ould 6e governed by this 

consumer acce.-itamce ctandard. Bosulta of ti2e various
 

a'_on t .t the ureaoe activity r.nd the
o.sr^_iono h.:.ve 

J-.eoence o:? e trysOin inhibitor olhaned conoiderably 

b, the t'Une the neal ,e-oed the V-ird chamber of the 

DT. Uz.fortun.A.ely in t-e .)roceos the water soluble 

protein, tiamine, is also destroyed. A men between 
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and ihe ret'eition, o- thiAcin.., Aouu Do ai heoat.,to 

toacting prooeso. Durina the period of this worz't some 

investi~ation was also done on the pot extracted meal
 

samples. lotwithotandinC the fact that open atean is 

injected also $n the pot extracted meal, the histolooical 

heatin& -nd feedinC results for thee ceals were found to 

be quite inferior. The reason. for this low meal quality 

could be that tho rate at which steam is admitted to the 

pot extractors is low and thia process in not a contizuous 

the live steam inlet atone resultina in the meal noar 


the bottom o the pot bein~g subjected to different 

toaetina conditions from those of the ceal at the upper
 

part o. the bed.
 

The other attractive features of6 the DT procoss are
 

lower solvent. lossa ninimum amount of desolveno sing 

equipmon.t, leoo tuildinC; space, safer plant operation 

and substantial reduction of oye4ll ,oteam usage by
 

utilisine the heat content of DT vapour. Aor micoells 

ovaporation.
 

86
 



2I IT0E8
 

1. 	 Bhrinal Z.J.0 and McGinnis, J., J.Nutrition, 

. 31, 449-41 (1946). 

2. 	 Hayward, J.1., in "Soybeane and Soybean
 
Producta (x.3.:-,r!ley, ML.) Vol.21
 
Pae 091, Interocience Publiahero Inc.,
 
How Yoti, 1950.
 

3. 	 Creveno, "!.!., and &ipoe, 3.2., Altochul, 
A.IA. "Procoooed Plant Protein 2oodctuffa", 
Paces 353-397, Lcadoric Press, ITew York, 
1950. 

Co ooy, 3.Z. Jr., and nap?, F.C., Ind.
4. 	 Zmn;. J-o.,/ncl.Md. 16,"V240-341 (~!)
 

5. 	 Uodific: tion o! UetZ.od jy tie oy Flour 
Aoociatz'on, .ovioion of, Docerber 19, 
19.S.
 

6. 	 Letodo o2 Vitamin *.ooay, 2nd Ed., ,ayes
 
107-127, Interocionco Publiohers Inc.,
 
Ilev7ork,1051.
 

7. 	 Ilorthorn Zaaionel aooearc2 Laboratory,
 
U.S. Dept. of Akriculture, Peoria, III.
 

0. 	 Te Desolvotizer-Tornater Procooo and
 
cdrtein 3quipnont featureo are covered by
 
U;3. 2stento llo.2,200,254, 2,585,793,
 
2,710,250, tnC 2,778,894 a d German Publi­
cgtiono (LuGlo3oooh'aift) 1,011,270,
 
1,014,422, .c 1,037,290 as well as several
 
ponding e_-:lictiono assiCnod to the Central
 
4oya Company.
 

http:J-o.,/ncl.Md


FIlTISHIUG SECTION*-

The docolvontioed deWatted noye°I tic received in the
 

linishine section over vibrating coreeno. Comnorcial
 

qualit 44% neal in not to pan throuah 11-14 mooh.
 

O or
Z'o naterial *acsina throu,h the screen is diverted 


bargina. The conrse =aterial pasaina over t:he abreen 

is reo6ivod in e Grinder and thC disch!arge of the 

GrinCor is diverted "bcl-to *,e screen. 3y t:-io 

arranaenent, ol of t".o roqui.ed Grind is obtained. 

If coy aritc are desired, te grinc'er could b3 0ot to 

the particle size required an-. the dicc!.ro recoivod 

on a ao.5acte cot of scroens. Tha meterial pasoing
 

ovar the screen will be the arits.
 

Sometiman Cine flour o! 1009 200 or even 300 meoh may be 

rovuired. The baoic process ronsins the cane. Only for 

fine flours nicropulvoriors would ro2laco conventional 

Crindoro. 

7-ro may be oocaoiono ihen come fat hia. to be added 

back to the cattlo food.
:defatted coyneal intended as 


8
 

http:dicc!.ro
http:roqui.ed


Lecithin recovered CurinG the doeunming of t:,o crudeo 

ooybocn oil oo'ld als.o be added bao!- to the dofatted 

ooyneal. For nakin ouch products, usually provision 

is =&do for addin.: the fat or tho lecithin into the 

soy ea-I juot before it is 5aod. A mixing conveyor 

io provi-ed in ouo/c4aess for dioparoine t':o addod 

mtericl in the meal. 
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UISCELLA EVAPOUTION. 

Distillation is to separation of the components ox a 

liquid mixture by partial vapor~iation of the mixture 

and soparato recovery of vapour and reuidge. T'2e vapour 

is usually recovered by condensation.
 

In an ideal case, Rault'o Law is applicable to the
 

licZuid phase. The law otates that the partial pressure
 

°
 P1 ! any component in t-e-vepour is equal to its mole
 

fraction in the licuid X, tines the vapour pressure P1
 

o! the pure comonent at the same temperature. In the
 

primary mixtures the pressure of one composition will
 

fix the temperature anC vapour composition. In other
 

words, pressure end temperature fix both compositions.
 

(Perry).
 

8yste-s com-rionC, of oil and hexane have exhibited 

considerable neCative deviations from ideal conditions. 

It hz been :ound th-t the vanour presoure of the solvent 

is lover than what ic calculated from its mole concentray 

tion in the miocelle znd he vapour precoure of the pure
 

solvent, a.plyinj Zulta Law. 
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It wan omoervec I-*L.zat be'.o, a solvant oonetrati-:. of
 

c~u~ 1~y the looilin- ioi.lt beonzsa so high
10 ~ 

-'La~t DU stri -3-Am. ineacentitl in the 'Aimr.1 staea 

0*oovs.. recovery. (3ezi:.y). 

Comr.:era'bl* excts% *-. beoon publia!3ed re :rcdinf: the 

vr.pour prioot. ourvoc !or puzre %exano, comneroial 

heTrzio 7.- 4',nnoUc,. Zao ,otted otrveo are oni the 

basis ol :oi: -vapour i~roocare veroua :.ol-r~oal oA' i,­

ctrsL4Zht li.o alope. It '-ec been o...jervsc' %'..I below 

PO: t: c tuul vayour 'recrure ou--.e of the micoella 

in a otraie*-t ".i:-.o Ait-* r- clo-3e 3cu-41 to tha~t of the 

vao3or ,3racu-.1 c.:veo? tbe1:2pure oolvezit. M-e activity 

00oo!''iC!OMt 04 t:-.- -- tiC o. Ot-! VQPOUr I L',- to 

ideal va',our ir%.;re over the', ntr .i-ht line 7ortion wasn 

!ound to be :Cut 0.80 fer temperatture reciprocal 

value of 1.3. 

t*.tIylt7 966cf!eent :.:.a P. r;,. .. onhpwieh~.r~Le 

Sheat J% arV3-la" alo .JAIJ%.F 03 

2artica1 ae o! colution ol co-..ceat I- ~.ogative and 
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Activit7 0ooofioient rises WiA tenp4ratire.
the 

moot mixture o! owzUnio ltiqudotke up hest
-ovevert 

vben mixino ooouro. Conoeuently, the partial heat of
 

ooeffioientA solution is neStve .-.the aOtivity 

vclue decreases irit. inoroaina tenperctue. 

otte "-:re tVr.t the vapour pressures ofIt niny *a 

vo-etablt oils =ro extrezely low having regard to the
 

Plot thnt t:e boiling point of moot of the fatty acid. 

are over 3800, The boiling point of hexane on the
 

other haad is in the range Of 82 to 6900. Conoequently 

its vepour iresoure is hih .,tan equal temperature, 

The vapour U-'ssnours of soybean oil at 3000C is hardly 

09050 =m vho:-ean the vapoux pressure of "a solvent like 

lJornz. Zexa-te is 750 cm at a temperature of 600G, 

Apart !ro- these, nornr.l ,:,ane is an aliphatic hydrp­

carbon nil ,-A 'i.irp . .. :row distillation range. It 

is, terefore, eaakt to coparzte this solvent from a 

mixturo of solvent vte tri-Clycari#o tormod ULioolla'. 

I. im1e Ovanor..tivo dlilc.Zllaon c.", %low tc .)*r:.ture 

-^or ol3-.r c3*'ration o2 thounder vao=uu is 

' The3-0 >iaoelltovo -. o!+thGe wiLout a-:,v di iouty. 
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noro
proble=, to mentioned orlier, beooz-c a lit.1lo 

complionto6 rlfen the conccntr tion of tho solvent GOeO
 

below 10%. It aioarc an thoukh t-oro ic none amount of
 

av.finity tioen the tri-lyceride nd tho hexi-no baaed
 

noro on the dipoler moment or diolootric constants. it
 
. ... 
 . 

in poosiblo th:.ntto rasiCual moment of the tri-glyouride
 

%as a definite function in t2io aloo at lover conoentra­

tionc. In aot, t-io rthor stransC 2honomenon in also
 

atilicoC i-_t'-o cubocusot roceso of recovery of traces
 
4 ' . •o .! 

o solvent vanour =zixod wit- air by adsorbine it wit'&
 

a sinil-r tri-Clyceride.
 

In tho process o. dintiltio- o! tho niocella, one o2
 

tho rr.Jor co-cidirations in the efoot of temporature on
 

the suility o: the edible oil rocovorod. Lore so, when
 

the eCiblo oil in hi hy unnatuzatoe- ouch as soyboan oil
 

Vhich has an iodi'-a value og 136. T.ha irotection of the 

oil Crom the deleterious effects o0 tonorature is 

vitally inmortant. OXviouoly, the major .rotootion should
 

be .!ron the .3rac.rce o:! air and ozyan..whio*h are likely to 

dzmnqo a oil n.ne a^lso !orn explosive mixtures rith. the 

solvont. L.')rt Zrom tX:3so, tha unsaturated fatty compo­

nonto of th0 oil ted to .olynarioe at hiher temerature 
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It io, toroforo, oo-oi6n ?ractico to oa.ar-to te two 

phaoec at highor vaouua end mr.intain the toaporituro of 

the oicoolla as low ad pocoible until conoontration of 

t%* ho~nno in tho o'il 2ells bolow 10%. i.t thic stago, 

owsver, as inCioctod oerlior, drastic ates aro noooo­

nary to romove bound colvont from tho oil. 3etween the 

two methods oC otripping at hiah touporature under 

vacuum and atrippinr on modorato tomporhturo undor 

vacuum by a otrippina otroc, tho lattor mathod ic cafor 

and C.norally ucod. In othor Wordoi oteam distillation
 

io utilioed to otri. romnanto of tho 9olvont from hoxano.
 

3toamn diotillation is ado-tod as a rothod in which the
 

partial vapour proouro o, otoam would onablo tho 

volatile connononts to diotil At lowor tarpor-turos due 

to lower partial vanour proooure. Tho proooneo of otoam 

also holpa in blan*otin- tho high tedperature of oil in 

low conoontrato riocolla from boinC expoueo to oxy~on 

and air. 

Indutrial •Te iooella.dlivared from ,ioextraotion oection will 

..ve t 6ooentration of 15 to 30% o,1 oil, deiendinC on 

he e o 0o =xtrneto- uoed. Vie v .-oration of niooella 

to recovor th oil io C-er.lly o6nducted in 3 or 4 atases. 
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M.3 firat OUCO .2o:o W-o'rt~o:-a:? tho =iacoll io in an
 

upparratui -.&ere t~a hea~t o2 W~ r~~ is usoed for 

.relimian~ry co:-oaler~tion. IoJaact exo~zo rraLnee­

meat actilly &roultcin. t:-o ooaoen.trrstion o2 t."o ziooella 

to c:-out 50 to 30%. In order to obwtin ,ct reoulto, a 

vnOcuum of ,r out 40 to 451ors9. neroury is maintained over 

It~. heat ezohence unit, 

Taoeacfter, t:-a miccalln La -3aasod t::rouG_ r- prizcry 

ovapontor, 4at.311ly of t-*o riame 'fun type,9 with an 

atzL glac'o-or for i t!hdr ntIl o: t~e Z1Ic.o~C_ Dolvont 

vnpoixra. Thic oootion Ge~aorElly ulo o Opr!ateo uwder r. 

Vaocu= O. eczout C-5 cran. morcury. 

In the cocond otrcpe ev.-.-orttorg, thie 7roceno of concentra­

tion ia continued aad At*e v!-ouum .ttac otaoo a 1Cenoral1y, 

hiC~er - rc.out 80 c:-c. u.eroury. Mhe irodiuot emreinC fronl 

thbio ction Coera11y _*o a ooucentr:tio:- of '3 to 00%. 

Thelen :.14~ oaoC o-& colvant ve.'pourc --ron ti oil 

La t:-a fi~~Z~oolumn, wr!,ore t*-e oil ic atri!)-)od with 

liva otpor.. unt'or I.Ji*. vacuuLi - ol t~lo order of 70 ono. 

u2rcuT7. T-.o oil ozirrin: Zrom theo atri.-por ic ooo..,roially 

rtoe oZ colvant and is cooled a~nd delivered to storaloe. 
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RBCOVERY OF.WJ-Me 

Large volumes of solvent vapours axe to be handled in the
 

When the exttaoted maro issolvent extraction plant. 

desolventised, all the solvent eontained therein is
 

When the misoella is evaporated, the solvent
vapourised. 


All the solvent vapours from the
is recovered as vapours. 

various sections are condensed in water cooled surface 

quantity of unoondensed gamesoondensors, Considerable 

will still remain to be handled. 

Salvaging solvent froq the unoondensed gases is an impor­

tant factor influenoing the economics of operation as well 

the installation. The earlier step for as the safety, of 

was the use of refrigerated water or recovery of solvent 

brine"for further cooling of the vent gases and condonnation.
 

Assuming the vent gases being saturated with
of solvent. 


solvent, the quantity of solvent in the gases depends on
 

At 301C, every cubic meter of gas leaving
the temperature. 


the system would carry away about one kilogram of hexane.
 

At minus 100C, the quantity of solvent lost could be
 

reduoed to about 130 grams per cubic meter.
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Refrigeration compressors are sensitive to cooling water 

temperature owing to limitatibn of delivery pressure. In 

the hot weather (atleast 6 months in this country) cooling 

water temperature soars and compressor efficiency is at 

high water tempera­the lowest ebb. On the other hand3 

tures make water-cooled oondenors less effective and 

maximum support is essential from the recovery system 

which it is unable to obtain. This is the major short­

coming in the refrigeration system in tropical countries.
 

In recent years the refrigeration system for recovery of 

solvent bis been replaced by Adsorption System. In this
 

system vent gases are brought into intimate contact with
 

mineral or vegetable oil, which absorbs the solvent and
 

ensures maximum reeovery of the aame under curtain conditions
 

The solvent-laden oil is stripped of solvent in a separate
 

&mall 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 maintenance problems. Its power con­

sumption is also very much lower than the refrigeration
 

system.
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.Vheory of It is a common observation that separate phases brought 
.AdgrRtion. 

into contact tend to approach a state of equilibrium. 

When pure water is placed in contact with dry air, water
 

evaporates and the air becomes saturated. Air is 

absorbed by water and the liquid is saturated with
 

oxygen and nitrogen. It is apparent that there is a
 

sharp concentration across the interphase between two 

phases in contact and in equilibrium. In the region
 

immediately adjacent to the interphase boundary, it is
 

found that the concentration gradient is surprisingly
 

steep as compared with the corresponding gradient at
 

Points further removed from the interphase. It may be
 

concluded that the principal resistance to interphase
 

transfer is to be found in a thin 'film' of relatively 

stagnant fluid next to the interface between phases. The 

thickness of such a fictitious film is termed "effective 

film thickness". The equation propounded by Prandtl
 

applying the basic Reynolds assumption to the 'core' or
 

the layer of the moving fluid is quite well known.
 

Colburn treated the problem of the interphase material
 

transfer through a gas in turbulent motion and obtained
 

a.pplicable equations. 
Chilton and Colburn modification
 

of the Reynolds analogy is quite well known in the oor­
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relation between friction and diffusion of gases.
 

Adsorptiop is an extension of the above principles. When
 

the concentration in the interfacial layers between two
 

phases is greater than the bulk of either phase, thq
 

substance is said to be adsorbed at the interphase. Many 

solid substances have the power to ad3orb moisture. For
 

instance, glass and porcelain possess this property.
 

Some porous substances have the power to adsorb gases.
 

Adsorption is a surface phenomenon. It can increase in
 

importance as the particles are made smaller. It also
 

will mean that a large surface should be presented by any
 

given substance. It is.obvious that the greater the
 

surface area presented, the better the adsorption.
 

Adsorption differs from absorption in being confined
 

largely to the surface df the adsorbant. It is observed 

only at the surface'of the solution@ Gibbs has shown
 

theoretically that those substances which lower the 

surface tension of a solvont in which they are dissolved 

become concentrated in the surface layer, whilst the con­

centration of substance which raise tho 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. Thereftie 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 .dC
 

Where S - excess of solute in the surface layer 
(the sign indicates whether there is 

actually an excess or a deficit) 

C - concentration of solute if equally distributed 

R a gas constant 

T = absolute temperature and 

r n surface tension 

dr w variation of surface tension with
 
dO concentration.
 

It is also the slope of the curve at the point at
 

which the conditions are those of the experiment.
 

Modifying this equation as below:
 

- r..xx 

Where p - partial pressure of the gas, a. relationship 

was.ostablished between the adsorption of the gas and 

4olvent. 
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It may be observed that low temperatures will favour
 

better adsorption. No chemical change will take place
 

at this time. The greater the surface area, the better
 

the rate of adsorption.
 

The adsorption isotherm is indicated hereunder:
 

x 1
 
- a ap /n 

where, x w mase of gas adsorbed
 

m a mass of the adeorbant
 

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 
m - ac/A 

Where o is the equilibrium concentration of adsorbed
 

substance in the solution. This conclusion may be
 

re-written a'b below: 

log x - log M 1/n log o + log a 

It may be observed that if log x is plotted against
 

log o, a straight line will be obtained. 'It may also 

be noted that there is oertain formal-similarity 

between the adsorption isotherm and the distribution 

law.
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The abovo concepts are utilised in tho adcorption of
 

vapours of hexane mixed with air by an adsorbent.
 

Oddly enough the adsorbant in this case is the tri­

glyceride oil itself. As explained earlier, the
 

dielectric constant lie in the range of 3.0 to 3.2
 

for pormal oils. It has been proposed that besides
 

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-glycerido molecule and the hoxane
 

molecule. It is obvious that the following conditions
 

will have to be met with in the phenomenon of
 

adsorption and the hexane vapour from the hexane-air
 

mixture by the adsorbant oil:
 

1. The temperature of the oil must be reasonably

low.
 

2. The temperature of the mixtdre of gases should
 
preferably be ambient.
 

3. It is advisable to have no moisture present
 
during this process.
 

4. The surface aroa to the volume ratio should
 
be doomed to be infinite. In "6thor words, 
the gruazor the surface area, the better the 
rate of adsorption. 
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Safety in Safety is of utmost importance in any industrial 
Solvent 
Extraotion 
Plants. 

establishment where 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 evidenced by the fact that more than half a dozen 

'major fire disasters have occurred in solvent extraction 

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 in the case of moving shafts which operate in 

* equipment handling solvent. It is customary to use well­

designed mechanical seals to eliminate possibility of 

leakage of solvent. The valves in the solvent and 

misoella cirouit'should be of good quality - such as 
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all-cast iron lubricated plug valves ot the 1AUDCO' Make. 

the pipes should be of the heavy gauge quality IS-1239. 

The joints, if any, in the piping should only be of the 

flanged type with flanges oonforming to BSS Teble D or
 

better. No threaded joints should be permitted in the
 

solvent and miscella circuits.
 

The plant should be so designed that there should be no
 

poisibility of a pressure developing in the solvent
 

circuits. It is particularly important that ther", should
 

be no valves or obstruction in the solvent vapour circuits 

so that hazards due to mal-operation or mistakes are 

eliminated.
 

Liberal provision of sight glasses on the equipment is 

neeessary in order to enable the operator to observe 

what is going on inside the equipment. 

Flow Indicators in the piping is similarly necessary in 

order to keep an eye on the flow in the piping. Needless
 

to say, sight glasses and flow indicators shoul& be 

vapou-tight. 
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The products leaving the plant should be free of solvent. 

The oil 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. Solvent-laden meal is a very big
 

hazard not only in the Caotory itself but all down the
 

line where the meal is handled-and transported.
 

All the effluent leaving the system should be thoroughly
 

stripped of solvent in a flasher before it is admittod
 

into the sewer. Vent gases leaving the systeu should be
 

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
 

should be housed in a separate
explosion proof, it 


enclosure pressurised with a fan which should draw the
 

air from a height of at least 2 petres above the highest
 

point of the solveit extraction plant. The access to
 

this enclosure should be of the double door type with
 

door closers fixed on the doors. For visibility from the
 

85
 



plant, a glass window is usually provided; this shold
 

also be of the double glass type with a gap in between
 

the.glasses.
 

An electria control panel for supervising the operations 

of the planc is.a MUST. The panel should have sequencing 

and interloocing devices to prevent the possibility of 

mal-operation as far as possible. When the steam pressure 

should fall belo .apro-determined minimum, an alarm should
 

be raised to draw the attention of the operator. The
 

pressure of steam has a direct Lnfluenoe on the dosolven­

tization of the marc and maintenance of vacuum/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
 

raised in the plant. If any of the electric motors should
 

stop for any reason, the alarm system should be actuated. 

The alarm system should be audible as well as visual for 

maximum effectiveness. 

As power failures are rather common in this oountry, some
 

built-in measures a necessary foi.maintaining safety
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standards. The immediate effect of power failure is 

cessation of water supply as water circulating pumps are 

electrically operated. But cessation of power may not 

affect the steam supply except where packaged boilers are 

used. Therefore, a hazardous situation can be created in 

the plant as, on the one hand, continuation of steam 

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, two measures 

are necessary: 

1. 	An emergency water storage tank of adequate
 
capacity should be installed at proper ela­
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
 
are restored, the emergency tank. would fill
 
itself 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 magnetic 
or motorised valve on the main steam line
 
serving the solvent extraction plant.
 

The extrantion plant should be so located In 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 con­

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 "Prohibited Area". The area 

between the 30 ft. and 50 ft. distance from the solvent 

extraction plant is the "Controlled Area". 

Any activity where naked flame or fire is involvod - such
 

as boilers - should be located atleast 100 ft. away from
 

the solvent extraction plant with the firin$ and 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 readily available.
 

The operators in the solvent extraction plant should be
 

intelligent and alert, understand the process and be
 

thoroughly briefed and trained in propor operation of the
 

plant. In particular, they should know what is to be done'
 

in the event of an emergency.
 

A liberal supply of fire extinguishers of the 'Foem' type
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should be provided at strategic plaoos in the plant.
 

It is also desirable to have a "deluge system" to 
be used
 

in times of emergenoy,
 

As oertain materials processed in the solvent 
extraotion
 

plant have a tendency towards spontaneous combustion,
 

automatio sprinkler system in the warehouses 
where they
 

are stored would be desirable. 
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PLANT AND MACHINERY. 

One of the outstanding features of the age we live in is 

the remarkable progress in Science 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, teohnolo­

gical advancement has a profound impact. It is futilo to 

expect to do good 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 select the best for this new venture.
 

The situation is not quite so simple. Latest knowwhow 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 which have to be utilized Judiciously
 

for Defence, Pood and many oiher essential requirements.
 

It is, therefore, natural that every possible effort be 
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in the
made for manufacturing as much of the equipment 

country as is possible and reducing imports to the barest 

there could hardly be anyminimum. In this matter 

difference of opinion. 

basic andWe have, therefore, a situation where two 

While on
 
important considerations have to be reconciled. 


the one hand the scarce foreign exchange resources of the 

country have to be spent with care and circumspection 
to
 

new industry should
yield best results, on the other a 

which will sap
not be condemned to congenital handicaps, 

The soybean processin; industry
its competitive strength. 


is no mere commercial venture; both the products 
which are
 

Not

oil and protein - are articles of food.produced ­

higher standards of quality essential in food
only are 

products, but the price of the products should also be 

reduced to the minimum in order to bring essential 
food
 

common man. Further, the
 
products within the reach of the 

soybean processing industry has a big potential 
in earning 

foreign exchange as edible protein products as well as 

commercial quality soymeal have a wide market 
outside the 

In order to be able to penetrate this market and 
country. 


capture a substantial share of the business, the soybean
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processing industry should have inherent competitivo
 

strqngth.
 

An objective view of the facilities available in the
 

country tends to the conclusion that out of the six
 

basic sections of the .soybean processing plant (vide
 

page 24), the requirements of four - Evaporation of
 

miscella, Recovery of solvent, Finishing of Meal and 

Desolventisation of marc -. can be made from indigenous 

sources in keeping with international standards. It is 

only in the other two sections - Preparation and Extrac­

tion - that overseas .asoistance appears necessary for the 

present. 

Proper cleaning of soybeans is a very important first
 

step in the processing activity. The importance of
 

proper cleaning is generally not fully realised. As
 

substantial part of the extracted meal would undoubtedly
 

be used for edible purposes, either in the form of edible
 

flour or as a raw material for other sophisticated food
 

products, top class pleaning equipment is obviously a
 

MUST., The 4-Stage Cleaning Equipment,, referred to else­

where in this report, should be imported.
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The Crackers and Plakers are important picces of equip­

merit in the.Preparatory Section. Chilled cast iron rolle
 

used in these machines, of proper quality - approximately 

550 brinnel hardness - do not appear to be readily avail­

able in the country. Further, the current practioe is to 

have hydraulic drives for the Plakers in order to ensure 

finger tip control of the quality of preparation. This
 

aspect is critical, 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 that
 

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 adequate. It will be observed elsewhere in this 

report that the.optimum size of the soybean processing 

plant has been disoussed and a 250.Ton/24 hours plant 

with taoijity for expansion to 500 Tons appears to be 

best suited for the industry. The extraotor is the heart 

of the entire operations and is the most exponsive item in 

the plant. It will be most advantageous to have even at 

the start an extraotor which can potentially handle 
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500 	Tons of beans in 24 hours so that subsequent 
stepping
 

up of the oapaoity to this figure could be achieved with
 

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

oountry appears to be in a position at the moment to manu­

facture a dingle extraotor to handle 500 Tons of beans a 

day.--Therefore, import of the extraotor becomes neessary. 

Conti-
Otheirsuidry -items whidh need t6 be imported ares 


nuous Weigher for deterdining the quantity of beano issued
 

to the processing plant from bulk storage and continuous
 

baggig and sewing ,equipmentin the Finishing section.
 

In the United States the following firms are well-known in
Sources

Of
 

Mahinery. the soybean prdoeesing industryt 

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

2. 	M/a. Blaw-Knox Chemical Plants, Ino.,
 
One Oliver Plaza,
 
Pittsburg, Pennsylvania 15222, U.S.A.
 

3e. 	The French Oil Machinery Company,
 
Piqua, Ohio 45356, U.S.A.
 

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

All 	of them have been oontaoted.
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The V.D.Anderson Company, in their letter dated March 31,
 

1970 stated: "Your original inquiry to us regarding the
 

solvent extraction plant has been forwarded on to the 

Slaw-Knox Company, Pittsburg, Pennsylvania, USA, because 

we are unable to manufacture a solvent plant for the 

capadity competitively with the Blaw-Knox Companyt hence
 

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

Meesrs.Blaw-Knox Chemical Plants, Inc., in their letter
 

of March 23, 1970 stated: "Blaw-Knox Chemical PlantseIno.
 

are engineering oontraotors with more then twenty years
 

of experience in designing and building soybean and other
 

vegetable oil seed processing plants. Wo have a consider­

able amount of proprietary equipment and know-how in the 

oilseeds processing field. However, we do not manufacture 

the equipment and therefore we do n6t have catalog prices 

and the other information which you requested. From your 

letterhead we note that you are "Design, Consulting and 

Construction Enginocrs". Thorefore we are certain that 

you understand tho largo cost involved in preparing the 

requested information and that we could only work with 

you on a roimbursable cost basis, ". Notwithstanding 

subsequent persuasions, they have not furnished any 

further information. 
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USA," were pleasedThe French Oil Mill Machinery C6mpany, 

to supply some data and information, which are reproduced 

in Exhibit 'A'. They have also taken the stand that 

further correspondence is not justified unless formali­

ties for import of equipment are compietod. 

Messrs. Crown Iron Works Company, through their export
 

agents, Messrs. Du-Val Industrial Foreign Trade Corpora­

tion, Dallas, evinced a keen interest in the Foasibility 

Study. They were good enough to arrange a personal dic­

cussion in India with one of their representatives in 

order to explain in detail the merits of their equipment.
 

They have also given a detailed proposal for a 250 Ton/24
 

hours soybean procossing plant, which is reproduced in
 

Exhibit 3tB. I4ossrs.Crown Iron Works Company manufacture
 

only the solvent extraction plant proper and they do not
 

manufacture the equipment for preparation, finishing and
 

other sections.
 

For Ciackers and Flakers, Mossrs.Ross Machine & Mill
 

Supply Piant, P.O. Drawer 26468, Oklahoma City, Okla
 

73126 are well-known in U.S.A. They hcvee.lso 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 'CO.
 
A.. 

For proper and effective cleaning of soybean, the 

Forsbergai Inc.., Thief River Falls, Minn. U.S.A. have 

been extremely helpful. Their equipment is very 

impteesive'andreasonably priced, Their proposal is 

also !reprodfoed in Exhibit 'D!. 

As bulk storage of beans is envisaged in the project,
 

preliminary oleaning and drying is desirable before 

they are stored for a long time. Forsbergs Pneumatic 

Scalper with a capacity of 2000 Bushels per hour 

appears to be best su4ted for the purpose. It is priced 

U.S. $1354/- only without fan and motor. For drying the 

beans, proposals from three firms have been received ­

'Messrs.Aeroglide, 6300 Hillsboro Road, Box 1839, Raleigh, 

North Carolina 27602; Clipper Dryers of Messrs. A.T. 

Ferrell & Company, 1621, Wheeler Street, Saginaw, 

Michigan 48605, USA; and Messrs.Campbell Industries, Ine., 

3121, Dean Avenue, Des Moines, Iowa 50317, USA. The 

abltract of their proposals will be found in Exhibit 'E. 

For continuous Bagging and Sewing equipment, Messrs.Howe
 

Riqhardson Scale Company, 680, Van Houton Avenue,0lifton, 

New Jersey 07015, USA, have offered a proposal, which is
 

displayed in Exhibit IF'. 

Indigenous manufaoturers who are in a position to offer
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suitable equipment for the soybean processing industry
 

-area. 

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

(b) 	Messrs. Servoteoh Engineers Private Limited,
 
Post Box-6073, Colabap BOMBAY-5.BR.
 

The 	prices quoted by Messrs. Do Smet (India) Private
 

Limited for 100 250 and 500 Tonnes capacities as well 

as their specifications for 250 Tonnes/24 hours plant 

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

their specifications that:
 

1. 	No cleaning equipment for soybeans is provided
 
for in the Preparatory Section.
 

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

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

5. Grinding and Sizing equipment is absent in
 
their Conditioning Section.
 

6. 	 Bagging and Sewing equipment is likewise 
absent in their Conditioning Section. 

7. 	Accessories and auxiliary equipment like 
bulk storage tanks for hexane, emergency 
water storage tanks, oil holding tanks,
 
steel structures for the Preparatory &
 
Conditioning Sections, Panels and electrical
 
wiring materials for the Prc;,ratory and Conl.
 
ditioning Sections, etc. are not included in
 
their specifications.
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Proposals from Mesrs; Servoteoh Egineeis Private 

Limited; Bombay, are appended in tzhibit "H. They 

have offered-four alternatives:
 

Alternative is The "250/500 Special" Plant is basically designed
 
for ultimate 5r0 Tonnes/24 hours processing of
 
soybeans with 600 Tonnes/24 hours 'CROWN' Extractor,
 
open air-steel building for the extraction plant

designed to house 500 Tonnes/24 hours equipment, all
 
the mechanical transport equipment in the Extraotion
 
and Preparatory & Finishing sections are designed to.
 
handle 500 Tonnes. Complete Forsberg Cleaning Equipv.

ment with Screen Aire, Destoner and Gravity Separa­
tion Units is included in the Preparatory Section.
 
2 Nos. Rose Hydraulic Flakers are provided. Two
 
pairs Krakers are likewiue provided. In the Finish­
ing Section Howe Richardson Automatic Bagging and
 
Bag Closing machines are provided. The equipment is
 
complete 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 and 
electrical wiring materials in the Preparatory
section. The specification of of "1250/500 Spedal"
Plant is reproduced in Exhibit 'H'. 

The-aitractive feature of this proposal is moving up

to 500 Tonnes production'is accomplished with ease
 
and.facility. The Extractor needs no change as it 
is basically intended for high capacity. In the
 
Desolventizing section,. the Dexanizer-Toaster will
remain unchanged; spree 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 section
 
for which proVieion is made in the layout of the
 
plant. Likewise provision is already made in the
 
Preparatory &'Finishing sections for addition of
 
equipment. Thd cntire mechanical transport equip­
ment is ad initio designed for 500 Tonnon capacity.
 

The 'erall merit of this proposal is evidenced by
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-the fact that the total copt..of. the 50b Tonnes/24 hours
 
plant, including all the tbp class imported equipment
 
and despite heavy import duty eto., is still Re. 1.5
 
million less thpm the fully indigenous 500 Tonnes plant 
quoted by Messrs. De 'Smet India Private Limited.
 

Allernative II;Alternative II is similar to Alternative I excepting 
that provision for subsequent expansion to 500 Tonnos 
is not made. All the imported ma-ahinery is identical 
in both alternatives excepting that in Alternative Ut, 
the Extractor is of 250Tonhes/24 hours capacity. 

AW.natiyA 	 In Alternative III, a basically indigenous 250 Tonnes/

111. 	 24 hours plant is proposed. Only oritical components 

and items not available in India to the value of 7.5% 
of the value of the plant are to be imported. 

A Jive 	 In Alternative IV, a 100 Tonne/24 hours indigenous
 
IV. 	 plant is proposed. Only critical components and 

items not available in India to the value of 5% of 
the value of the plant are to be imported.. 

,TILITIES: To Pro-ces.250 Tonnes/2
 

Powers The oonneoted load for the projeot
 
would be approximately.1650 It.P. made up as
 
as followss
 

Preparatory Section .. 600 H.P. 
Extraction Plan .. 200 " 
Finishing Sedtion" .. 300 " 

Cell Storage Section 
,inoluding Wagon
 
STipplur, Bean Drier,
 
etc. .. 300 "
 
Wator Ciroulating
 
Soction ,. 100 "
 
Boiler House '.. 50 " 
Miscellaneous " .. 100 " 

Total .. ' H.P. 

100
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2 Nos. 750 KYA Transformers with the nicoos.ry 
HT and LT equipment would suit the require,,11tO 
of the project.
 

Steam: The steam requirements for the project 
would be approximately 4000 Kg./hour at 
10 Kg./Sq.em. pressure in the plant allowing 
for margin of safety. A Boiler with an evapo­
ration capacity of approximately 5000 Kgs./hour 

*at 14 Kg./Sq.cm. prossuro ia desired. Package 
type fully automatic boiler wlould ensure bot 
rGsults. 

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

gv2 Those who have handled soybeans draw particular attention
 

Sts. to the hardness and abrasive nature of the beans result­

ing in rather heavy wear and tear on many parts of the 

are reported toequipment. Flights of screw conveyors 

have become razor-sharp within a few months of operation.
 

Chilled cast iron rolls oL the praparatory equipment wear
 

away twice as fast with soybeans as compared to other 

oil-bearing materials. Therefore, this special property
 

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

of materials uf construotion. It also underlines the 

importance of regular inspection and preventive main­

tenance in the operation of the plant.
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Tranggort 
faiities,
 

Av42ai4t 

of Power. 

AT ION O P 

In 'the aeletion of a prop erlooatiorf for an Industry, 

several basio coniderations have to be kept in views 

Large quantities of raw materials and. finished products 

have to be moved into and out of the factory. Trans­

portation and handling costs are quite considerable in 

a Processing Complex of the type in view. Proximity to 

a railhead, certainly Broad Gauge, and if possible 

Metre Gauge as well, is an essential requirem&nt for 

the selection of factory site. A private siding to the 

factory site will be equally e'ssential; as it is ex­

pensive, the shorter the distance from the railhead to 

the factory, the better it would be. 

Proximity to a highway and good access roads are 

equally important as a substantial part of the goods are 

liable to be moved by road. 

When fully developed, the Project would have heavy 

requirements of power and in the selection 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' cost of eleotrioal energy is an equally important 

consideration as it is a major component in the work­

ing costs. 

Avaiility 

of Water. 

Plentiful supply of water would undoubtedly be 

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 

basic raw 
material. 

Soybean is a primary raw material for the Processing 

Complex. In view of the large tonnage involved, 

storage and handling in bulk would .°bviously be bene­

ficial. Creating bulk storage facilities with neces­

sary mechanical handling equipment at the project site 

is an expensive proposition and in order to derive 

maximum bendfit, it should obviously be necessary to 

receive the beans at the project site in bulk. 

To make this possible, the following facilities are 

requireda 

1. At the farm level, facilities should be 

created for storing soybeans in bulk along 
with the necessary mechanical handling equipment. 

103 



2. 	 Suitable rolling stock should be avail­
able for transportation of the beans 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. This is an-age-old procedure 

which they may not give up easily in favour of modern
 

praotices. It would take a good deal of persuasion
 

for them to accept bulk weighing practices. Further, 

the farms in the country being small, it may not be 

feasible to have bulk storage and mechanical handling 

facilities at every farm. Therefore, suitably locatcd 

centralised collection, weighing and storage facilities 

would have to be created as the first step for bulk 

transportation of the beans. Some agency, like Co­

operative Marketing Societies, should exist to handle 

this matter on a basis acceptable to the farmers as 

well as to the processors. 

The need for suitable rolling stock it equally 

important. As mechanical unloading is essontial, the 

type of rolling stock assumes importance. Hopper Cars, 

a. are being used now for movement of minerals and ore, 
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app,,ur, primaf'.aoie, suitable from .the unloacing poIt i ' 

of'viev. The deoign of tho oart would h.vu to be 

suitably modified in order to onvort it into a 

closed and pilfor-proof,oar and at the same time tho 

oubice-I oontents should be. adjusted to acoommodate,, the 

optimum load. Alternatively, the standard olooed goods 

vagon could be used for the transportation of beans in 

bulk providod an wnd Rooker type wagon tippler is 

installed st tht. unloading point. Further, an inlet 

should bu providc'd at the top of the closed goods 

wagon for loadivg in bulk. 

" In the first p~moro, soybean oil and comercial 44% 

meal iro likely to bo tho finiahed products available 

for disposal. Vanaspiti faotories aro the co2nsa:,rn 

for soybean oil. Thi mvaol is dostincd for vxport in 

the beginning staes. Distancoe to *e nearest Port 

will bo a considration. 
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Proxi_ty -to 
source of 
fuelr. 

Prsximiy-to 
a townshp. 

Facility for 

die s ofo
 
efflueneoproblem.
and wa a' 

Favourable 

tiona. 


Coal,or furnace oil will presumably be the fuel for tho
 

# 
project,.: Distonc -throughhioh..the. fuel would have to 

.be hauled to-the factory isa.faotor which needs con­

sideration. r 

Residential- facilities for the staff an , workers of the 

projeet would. undoubtedly, be *neoessary. To begin with, 

,it. may; not be feasible to corate a private township for 

their living1 .. Thorefore, proximity to an uxisting 

township would be a great advantage as it would elimi­

nate housing problems. 

In some locations disposal of effluonts may pose a 

Though the effluents from the projeot do not 
.
 
contain abnoxious materials, nevertheless faoilities fo.r
 

proper disposal would be neoessary and this conuideraw'
 

tion should also be kept in view.
 

In some areas the so'il is poor and excessive and 

expensive foundation would be required. It would bo
 

prudontt therefore, to survey the soil conditions 

before the ohoice of a site. 



Th" Pio6esging 90oplexof-the;.type-envisaged is a large 

entorprise involving. huge-,sumsof money. The investors 

aro entitled to pursue their businuce puac4fully, earn 

a legitimat6 toturn 'which should be adequate for the . 

gowth and dekelopmnt of.the business as well as for 

pXoviding a fair ret~hrn to the investors. A climate of 

pea44 is obviously essential. While in establishments 

of tia *type some problems with "labour are to be 

expooted and should be faced and solved squarely, there 

are unfortunately regions in''tho country'where labour 

unrest ik endbmic, caused by factors unrelated to 

employer-employee relations. -.Besides, some local 

Governments appar unable or unwilling to afford the 

type of prdteotlon to.which any citizen In a oivilised 

country is ontit.ed to. In the circumstances, a 

topical considertion for entrepreneurs in the country 

is a careful assessment of the environmental climate in 

the region in whicO the project is to be located. It 

would be unrealistic to underrate this consideration, 

temporary though, We hope, it will be. 

lay
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Faotory Layout. 

Prawing ITo,
 
LO' Y79B. 


I-!I 

-The.!Iirstpba of.fthePoject Is'deigned .to process
 

5280 ..Tonnee.: of. Soybeans in 24 ho~s and pro'duoe. 

1. Soybean Oil, and 

2.Cobercial Seymeal or Bdible Flour. 

Provision isUade for ez.andin..t -e capacity of the 

plant to 500 Tonneo at a later.date, i. re.uired, nnd 

for the addition of other prooessing units eithbr
 

for the Oil or for the Dtf tted Ideal.
 

The layout of a factory has to 1e e refully designed
 

to suit individual requirements and locations. In
 

order.to hiacliht the consieerations on which a
 

factory is leie, out, a typical layout is furnished
 

in Drawini IloLOT:FYt?93."
 

•,.
 

The private iailway Siding enters the factory from
 

the left and a weighbridge is provided for deter­

dining the'weight'of incozing and outgoing wagons,
 

whenever necessary. There are three parallel lines
 

in the factory area. One line serves the beans 

unloadi-a warehouse (27), **al Storage Jarehouse (8),
 

and the Raw Oil tortes 0'ection (7). The other line
 

is intended to serve t-e Seed U.bhouse (28), the
 

Vanaspati ',arehouae (19) and the General btore (is). 
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The contre line is for the facility of turaround of
 

wagons in the factory, It will be noticed t"et the
 

incoming and outgoing witerilo ca be oofn7eniently 

loaded into wagons in the Siding.
 

The factory also haoa cood net-Tiork of roads, 10 motres
 

aide. The road system is so 'arrtcZ~ee that incoming
 

•materifla can reech the desianatee -oints and out­

going meterials can be '0ic*ed up 2rom te deaigaated 

points with etze and fcoility. In the cee of
 

8oybeans receive%. Iy Rote., the truo-e can drive in
 

straight into ti.e Uzioading i/arshouie (27), discharge
 

the load erC Crive out without any unnecessary
 

movemerts.
 

Ad-aoent to the unlozInt; warehouse (27) is the Silo
 

Stornae Section (1) with ±.10CC.'ulos, each with a 

o4pacity oZ 2500 tons of bean.' :.ead dorks (2) 

house the iechanical Transport Iuiizent, the
 

Pnematic Scalper and Bean Drier. 

Ao o e the road az *o:osite the Head dore iso the 

Ireptratory Section (3). The Day 3in for beoao (3) 

is situated alongsidie The Solvent ixtraotion 1.%zt(4) 
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The Finishine
is conveniently located 50 feet away. 


Equipment in also located in the sane building (3).
 

The packed bags are 'to be stored in the adjoining
 

keeal 'arehoube ().
 

The Boiler Zouse (15) is nearer the propoeou Vancapati
 

llant:as high preesure.stesmfis recuiree. there and
 

pressure drop phoud 'be.avoidod.. The Boiler Louee
 

ivoro than 100 f,,away.from the Extraction Plant,
 

with the firing nCd farthest from it in the interest
 

of safoty. There is enplo room for storage of coal,
 

if this be used as fuel, and the storage yard is
 

accessible both by Road a=' .ail'.
 

The Water Cooling and Pumping Inetallation (22) is so
 

located that it can serve'the Aitr"tion Plant as
 

wellaqthe future Vanaspati Plant conveniently with
 

1ouse housing all the water circulatiug
.a;oaonPimp: 


prps.,.
 

The Electrical Sub-Station is at(16)v it being
 

assmed that'the High Torsion power would be received
 

-on that ,sid. Obviouslyg the,location of the sub­

station.wpuld depend:upon,the point of entry of
 

HighO.pnsion supply.
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The Bulk Storaie Tanks for Oil (7) are so located that
 

oil could be loaded into -tank wagonia in*tie Siing or
 

into trucks at the filling point (24) where there in
 

ample apace for parking of trucks 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 factory and.-adjacent to it is the 'Weigh­

bridge and Security Office (25).
 

It may be-prudent to provide for alternate raw material
 

to the Solvent Extraction Plant at tines when beans may
 

not be available. Provision has been ma-e for an Oil
 

Mill (21) conveniently located aejaeont to the
 

Preparatory 	ection (3) and Seed Warehouse (28) has also
 

been'provided 	for.
 

Provision 	 Provision for doubling the.capacity of the Bean
 
L
 
Expanoion 	 Proceosing Plarst is made in-the factory layout. The 

3ean Stoange Aroa (1) haas pace for 10 more ulloo of 

2500 tons each. Th6 Preparatory and Finishing 

Section (3) hao provision for addition of extra equip­

ment at tho time of expanding the plant. The Solvent 
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Extraction Plant (4) has likewise ample space on two
 

sides for expansion.
 

It is quite on the cards thp a Vanaspati Plant may
 

be',added to-the Project for.processing at site the
 

oil that is.produced. This has also.beon provided
 

for .in the -layout. The .Vanaspati Plant..proper (9), 

the Packing and Cooling-Room-(20) and-tho Vanaspati
 

the Cell Room 1101 for genration
Warehouse (19), 


of Hydrogen gas, the Rectifier Room (11), the Low
 

the Hydrogen Compressor
Pressure Gas Storage (12), 


Room (13) and the High Pressure Cylinders (14) are
 

all conveniently and compactly located at the
 

bottom right quadrant of the factory area. Here
 

also provision for doubling the capacity has been
 

made.
 

Even after providing for all the foregoing, there
 

is still adequato space on iwo sides"of tho factory
 

for future activities.
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Soybean Recen-
tion. Eondlin 
and Storage 
4ection­
.rawin I!o. 
LOT:SSS: 11e 

Soyoeans will. arrive at the factor,, either by rail or 

by road. In the case of, arrivals by rail, tte wagon 

is gross-weighed on the weighbridge and siunted into 

the unloading warehoueo(27) in which a wazon tippler 

is located. The tippler mechanically unloads the 

wagon by tiltino it to one aide anC rockinc it fro 

end to end. Thic special arranGement is i tended to 

handle closed &oods wazona which 3cve Pide doors. 

*The ierxs froz t.'.e tacon e.re received in a hopper at 

the 'ottou of w-ich a belt conveyor (BCI) is located. 

The empty wagons are again weighed and the actual 

quantity of beans received in the factory is worked 

out and recorded. 

If the-beans are to be tranoported by road to the 

factory, the trucks should be of thi tipper/dumper 

type which enable quicir unloadin of bulk materials 

by a tippitg mechanism coupled with the engine of tiue 

truoL.. It appears that this type of trucs are being 

naufaotured in this cou=try by Tata &=,ineerinc & 

Locomotive Company Liuited nL by sAyland i.otors. 

.uite apart froz the special tipperu, it is unCer­

stood that a tipping nechar.ion is availasie ia the 

country for about sCO00/u which could be installed 
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enable
 on eny standard coimeroial vehicle which Vill 

" the tipping of bulk cargo. Th. truck, which is veighe 

on the weijhbriECe at the entrance to te factory, 

drives into the unloa4i1zi warehouso(27), 
aligns itself 

to the hopper provided over the belt conveyor (101) 

and quickly empties the cargo uoin3 the tippina 

That done, the truck will drive away,
mechanism. 


leave the factory.
tare weigh on the weighbridge an-

The jeans received on the belt conveyor ,.:C1) atre taken 

up by te transverse belt conveyor (3CL) from 
which 

they ern be diverted to eithe of the two elevators 

tae tieyelevatee to top, are 
(31 or 4). After being 


diverted to a large capacity Pneum.etic 
-lcr, whose
 

effect a prelizinary oleauinc of

function it is to 

twigs, leaves, etc. 
-the beans by elimination of trash, 

It is always desirable to tet rid of those 
undesirable 

diverted to storage.impurities before the beans are 


aThe Pnemratic Scalper(T.18) with capacity of 

2000 bushelb per-hour does this job effectively.
 

Bofore divertizZ the cleaned beans to storage, 
it is
 

to adjust the moisture content within necessery 

It in reported that in countriespermissible limits. 


of the beans at
like the UUO,the moisture content 
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-4he 'iuoef harvesting is -liable -tebe.rather high 

ind theo have therefore .to be dried bfore storage, 

If the beans eould be.harvested .a little later, 

:their oisture soutent would perhaps be reduced to 

the-desired level, but-they are.not able to do so in 

vievwof the risk of d=ape to.beans.,by frost, otc. 

Veather:conditione in tais..oountry',are somewhat 

differontandit iseboliovod thatthe beans at the 

time of harve stn; ore sufficiently- dry to permit 

.storage. • owever, in order: to avoid;ony possibility 

of: difficulties onw this' account a Bean Drier of
 

1500 bushels, per! hour, is also located in Head 4orks (2)
 

If drying is not required, the Pneumatio Scalper (PNS) 

discharges the cleaned beans on to belt conveyor (3)'.
 

from which it is carried over to belt conveyor (BC4)
 

or (3c6), as required, and diverted to the particular 

silo in ahich they are to be stored. If, on the 

other hand, drying is required, the beans from the
 

Inowuatic Sealper (FNS) ore diverted to the Drier 

(DYR) whieL is desilned to reduce'th moisture content 

from 13 to 0/2%. The Cried beans are received on 

belt conveyor (C8), elevated by the second elevator
 

and diverted to t'e dosign&ted silo via belt 

conveyors BC3, 4 or 6,
 



When-Aherfbsns ao * 6.~.ss~o o rcsig the 

,'desigdated-'sI-toAiaohargeea.on thejbelt convoyor below 

'(307 or '8),and -pssses v.ia BCOthrough E1l or E2 "to tho 

DayBin .(100) .via..-the: cverbead..ncrew.:convoyor (01C). 

'Ifdrying :of arrivals Isnot required, charging of 

tlNieilosgnd:.iseue to tbo.Day.Bin,(100) can be
 

hbndled.-imultanoouly,. •If.,drying;is, however,
 

Ireiiodj such a oimultanoous;operation is not
 

pousibleounleas athird.elevator is installed. But
 

-this appears unnecose ry as issue to the Day Bin 

takes relatively, little time end can be hendlod at 

aa convenient part..of' the day.' 

Preparatiop 	 Beans from the Day Bin (100) pass over a magnetic 
Drcwinft No. *I ' 	 ,1. ., ' . 
ZLS:PRPt75 	 separator (104) for elimination of tramp iron end 

are received on.the Vibrating Screen (101), This 
, I 

double deocker vibrating screen eliminates foreign
 

material, larger and smaller than the beans In 

size. In addition, a pneumatic arrangement lifts 

light impurities. If the beans are intended for 

canerciol proceosing, they ere elevated to the 

surge bin (105) and passed through the " eijLng 

Scale (100) to tho Craoker (107). If, however, the 

beans are intended 	to be processed into edible 
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products, they are diverted to the Destoner (102)
 

which eliminates stone, glass and othor ;heavy
 

impurities. The lower fraotionof the discherge from
 

Destoner is gravity pure beans which aro olovated 

to the surge bin (105). The top fraotkn containing 

inpuritios are diverted to the Gravity Table (103A), 

where final elimination of impurities takes place. 

The cleaned beano discharged from the Gravity Table 

,(103A) join the'stream going to the surge bin (105).
 

the beans are broken into
In the orackors (107) 


In this oporation, the hulls
approximately 8 pieces.
*.1. 

get loosened from the parent material. If commercial
 

meal is to be produced, the craokeL beans along with
 

ould So forward for subsequont operations.
the-hulls 


It would, however, be referable to pass the cra~ked
 

beano nd hulls through pneumatio scalper for broad
 

separation of hulls and take beans alone for condi-


In this case, .the spareted hullo
tioninc and flaking. 


are grounc in a Gricdor (113), toasted in c Toaster 

- -
(114) and rnoiveC in bins 115 & 118 fro th7y 

are added back to tbe defatted meal beforo ptokine. 

If edible quality products are intended, separation. 
,"
 

-of hulls from the,beans must be o,omplete. In this
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Typical Layout

Drewing No.
 

LQ.TsPfW OO 

Solvent Extrac-

tio. FiUmtin 


case, the 'ixturo of cracked boes and hulls from 107 

are rooeived in a Shakor-Sparator '(108) from which 

the bulk of tho hulls are aspirated into the 

Cyclone (109), The beans fraction is then received 

on a Gravity Table (103B) for complete removal of 

residual hulls. The pure beans from 103B than pass 

to the Conditioning Section. 

The cleaned beans are heated and'Coditionod in the 

Conditioner (111) after which they are flaked in the
 

The flaked beans are then transported
Flaker (112). 


to the Solvent Zxtratiod Plant by the Rodler
 

Conveyor (186),
 

The preparatory oquipunent, as described above, would
 

generally bW' arraznesd as depicted in Drawing I1o.LOTs 

PM80. -It will be evident frott the drawing that 

provision of apace has been made for the addition of
 

extra'machinory for doubling th" capacity of the
 

plant. The dra*ing also ohous the arrangemeont of 

equipment for the manufacture of Full Pet Soyflour.
 

The flaked bons from the Froparatory Section arrive 

in the Solvent 3xtraction Plaut by the feed conveyor
 

"(1s) which eidohargem into the feed bin'(201)
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through the rotary valve (200). Fron the bin, the
 

flakes paso into the Extractor (202). The passage
 

through the extractor involves a soaking stage in
 

the downward stretch of the loop, a counter-current
 

washing stage at the bottom of the loop, a second
 

soaking stage in the upward bend of the loop rxd a
 

final waohing stage with fresh solvent at the top
 

part of the loop. After final wa aing, the extracted
 

flakes pace through a draining section to the
 

disch3rge bin (203) and through the solvent tight
 

conveyor (204) to the dosolventising section.
 

From the solvont tight conveyor (204) the extracted
 

marc passes through the rotary valve (205) into the
 

Dosolvqntizer-Tocster (206).. As described elsewhere
 

in the report, the bulk of the solvent is flashed
 

off in the.top compartment Qf the Toaster and as the
 

material runs down the other stages, complete removal
 

of solvent as well as toasting operation take place.
 

'The dosolvontisec and toasted meal is discharged into
 

the Leal Conveyor 196 through the plug coal conveyor 

(207). 

The misoella-from.tA extractor (2P2) is received in
 

the,=iapella..rouarroir (232); froio.;Fiioh it is pumped
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into the Economiser Unit (240).. In 'this unit, the 

vapours from the Desolventizer-Tonster (206), after 

being sdrubbed in the Scrubber (210), also enter the 

Iconoriiser Unit (240). The miscelle is rapidly 

circulated in the economiser unit by means of a 

large capacity circulating pump. The niscolla Gets 

heated utilising the heat of the vapour. frou the 

Desolventizer-Toaster and passes into the Flasher (241), 

in which the riscella and the solvent vapouro are
 

separated. The pro-concontrated miscella is topped 

off from the discharge of the circulating 2=p to the 

primary evaporhtor (233) where it undergoes further 

concentration and ii receivod in the flasher (234). 

After separation of the flash vap6urs, the concontratod 

miscolla from 234 passes into the secondary evaporator 

(235).for final concentration before being received
 

in the flasher (236). The oil from 236 is finally
 

stripped of all solvent in the~final stripper (237)
 

andthen-discharged t6 storage'(238);through a pump.
 

The vopouro from the flasher (241) and (234) are con­

densed in a condonsor(216). The vapouro from the 

stripper (237) are aimilarly condensed in a condenser 

(217).' Theunicondensed vapours from 217 are received
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in 216 and the uncondenoed vapouro from this condenser
 

isreceived in condensor-211. This--oondenseor 211
 

also roceivsa'.tho vapour. froq the Desolvontizer-


Toaster (211) via the economiser unit.(240). 211 is
 

the final surface condenser in the vapour circuit.
 

The uncondensed gases fron 211 pass through a contact 

condenser (212) to the adoorbor (213) where the 

solventvapours are adoorbed in an oil medium. There­

after tho residual gases are vented to atmosphere. 

The condensate from the oconomisor unit (240) and
 

condensers (217, 218 and 211) are -received in a 

water .solvent separator (218). The seperatod solvent
 

overflows in the solvent reservoir (231) from 'which:
 

it is recycled to the process. The water separated
 

in the water solvent separator io received inthe"
 

effluent flasher (219) where solvent vapours, if any,
 

are flashed off and recovered and the water is die­

oharpd to sewer.
 

th the solvent recovery system, vegetable or mineral
 

oil in used as a medium for adsorption and recovery
 

of solvent vapours from the vent gases. After
 

-adoorbing solvent in the adeorber (213), the solvent­
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Typical layout 

of Extraction
 
Plant - Drawinn 

No.LOT:SEP:81. 

Finishing Section 

Drp. FLStFIN:89
 

:laden,,oil'ia stripped:of.,solvent.n the solvont
 

:.evoporator.(214) cooled in a solvent.cooler (215)
 

and returned to the adogrber. Tho.oil is recycled
 

)in-the recovery oystem, inilar toa refrigerant
 

:.in-a refrigeration.gyatem.
 

Progresoively-increasing.vacuum is maintained in the
 

m#soella eyoporation system by means of a series of
 

oteem evacuatoro.shown on the drnwing. Also, sub­

atmosphoric presoure i.muaintained throughout the 

plant.
 

Typical layout of the solvent extraction plant as
 

described above is depicted in Drawing No.LOT:SaP:01.
 

The dofattod meal from the Dexanizor-Toaster in the
 

solvent extraction plant is transported to the
 

Finishino Soction-by theMeal Conveyor (196) and
 

dumped into the Intormediate Moal Bin (350). The
 

conyeyor (106) is of the ventilated typo so that
 

partial coolinaof the coal is achieved. From the
 

bin (350), the meal passes on to the Vibrating Screen
 

lo.1,.whioh generally bas 16 mosh screen. The
 

:material paosing through the spreon. is diverted to
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the Meal Cooler (353). The matorial passing ovor 

the stcren is received in Grinder No, which is

* *4 . .1f* I . 

gonorally a low speed grinder.
I I .. :. • .,. I I Tho product after 

grindins is received in Vibrating $croen No.2 which*. *. , - . . , . , * S., 

generally has 14 mesh screen. The material passing 

,,ihrou h is as.usual diverted to the Meal Cooler (358). 

,The,material passing over the screen is received in
 

.Grinder No.2, which is a higt speed krinder 
which
 

will completely pulverino ill the material to the
 

,..required mesh. 

•*The g:rund meal from tho.' eP ding section is wall 

aoboledoizthe*Jioel C'ooler' (363) and 'after cooling 

thb matoril1 li" received in'thoe Intbrmodiate Ulaal
 
"Bin (356). From this binl the finished meal enters
 

the Mixing larlew Cbiejor; The- dockage fron the 

cloanin' equipment in-the -FkepratorySection
 

(except motal, glass, etc.) is ground and received
 

in Bin No.115. The ground and toasted hulls from
 

the Preparatory Section is stored in Bin No.116,
 

In the case of commercial quality 44%. moal, it is
 

customary to add back the dockage and the hulls to
 

the meal, This is effocted by doming In tho dockage
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and the hulls into tho iiixing 3crow Conveyor& Thoro­
* , 

after the 
- . -

,roduct 
,':' t~i A 

-oes to tho autonatic Bagging 

And *;oighingr.uachine. weighedlag' crb moved over 

a short belt to the sowing machine for the closure of 

the mouths. Thereafter, te bags gd 'to storage. 

; ' * ; . . .:, ; 't ' 

If Soygrits and Boyflour naie dea'red, they could 

ciso be produced with some minor variations in the 

process. Depending on the eisd of 8riit required, 

Screen No.2 in adjusted Ond'7htt paaies over the 

screen is collected as grits. " in Soyflour of fine 

mesh*Is'110lre ,tb, mpt.rtip omin. out of the 

Grindig:s-ettion.ti furtbar.pulveri.ed in icro 

PulveriAoli befare:..coping .n,tbe Ieal Cooler 353, 

Thoreaftir, 'the.meal ip.handlad in a ribbon conveyor 

wwhere te quired., quatity ,o. fat or lecithin may 

,be doad ini The final product is packad as usual. 
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PROCESSIXG SOMBANS IN EXMISTING 

~X~&GTONPLANTS~ 

Qtiie'apart from the creation of new prouo3sing facilities, 

it is but natural that the existing facilitiets should be 

utilised wherever possible for processing soybeans by tho 

addition of supplementary equipment.
 

Basically only modern continuous solvent extraction plants 

are suitable for processing soybeans. About half theof 


total numberof extraction plants in the country are of
 

the continuous type. 
About 60 plunts will lend themselves
 

to conversion for processing soybeans. 

hiodern extraction plants processing expeller cakes would 

require the following additional equipment in order to
 

enable them to process commercial quality soybean meals
 

Estimated Price.
 
R.
 

1. 	 Bean Cleaning equipment 50,000 
2. 	Bean Conditioner 
 45,000
 

3. 	 Vlaker 100oo,
 
4. 	 Toaster 65,000 
5. 	 Grindina & Sizing equ4pme=W • 85,000 

345000
6. 	Modifications, erection 

and inotallati6n 
 55,000
 

TOTAL .•. 400,000
 

The above estimates are based on handling 100 Tonnes/24 

hours of soybeans with minimum of additional equipment. 
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EXHIBIT 'A' -EXTRACTIpN _PLANT.. .The French Oil 4il NM.€hir.ezy Coi,
;"' :. PIQUA' 'OHIO, 453569. U.S.A... 

1*~ . P1.	 °~ 

INBT VAION .08TS OF SO EAN 	 SOLVENT gTqACTI6N P.~8 

200 	Tons. .300 Tons. 500. Tonal. 

1. 	 Prooessing equipment, starting
 
with lean cleaner and bean scale',.'
 
including produotion of '50%
 
protein meal, design and engi­
neering and supervision of the 
installation and start-up -499,000 ),I 78o,0X(1)P( #605,po.7(8) 

2. 	Installation of equipment,
 
including freighb, foundations,
 
extraotiont preparation and
 
meal p'inding buildings, boiler
 
and boiler house, bean day bin 
oil storage (one week).and mea4 
stot~e (two days). 350,000(2) $:413i,000(2)-$ 55oooo(2) 

3. 	Total installed cost of proces­
sing equipment. Does not in­
elude land; bean unloading, 
drying or storing; service
 
buildings; roads, fence, rail­
roads, transformers; cost of
 
bringing utilities to the areal
 
fire protection; taxes. $ 820,000 .$J,018,o06.1,330,000 

4. 	Bean unloadint,drying, oonvey­
ing 	and storage. $ 640,000 $"80000 $1,500,000 

(800,000 bue) (*1ooo-,ooo,..b.)( 2,,ooooo bu. 

5. 	App;qximate total installed
 
*oat. Does not include land,
 
service buildings, roads, fences,
 
r 1i 6ad tracks, post.oS bring­
ing utilities to the area, fir .
 

3 00 0e0 0 0
 proteetion or taxes. 	 $1,600,000 $2t000,000 . 

Unt Cost Fiurea , 

1. 	 Raiftrod taekae.e coats -0.ogt $14. per foot, not including fillt 
2. 	Cyclone fence, 6 ft. high costs abouft't. 'per foot. , t 
3. 	A deluge fire protection system for the extraotion plant sts
 

about $20,000. About $500 g.p.m, of water at 90 Poig. must
 
be supplied.
 

(1) For 1970 add about 10% to equipment prices, add 20% for export
 
orating and inland and ocoan freight and insurance.
 

(2) Installation costs are'.up about W5% in the U.S., but costs in India
 
should 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' -EXTRACTION PLANT - The French Oil Mill Machinery Co.,
 
.. ... PIQUA, OHIO 45356, U.S.A.
 

May 18, 1970.
 

Specification of Extraction and Desolvvntizing
 
Equipment for Soybeans to 2roduoe Ctude Edible
 
Oil and Meal for Animal Feed.
 

. . . . . .. .."... 

*p*Tnd per day 	 .00 5.0. - ., 

1, FRENCH Stationary Basket Extraotor . .. .. ' . 

Fed oonveyorwith plug sea!- Size" 90. "12" 141. 
3 ' 2 2 

Extractor drive - HP 1 1 1 
Pioker drive - 9P 1 ..... 

11HP 


Note that "speifications inolude
 
motors and drives, eight and light
 
glasses, internal piping, solvent
 
a&d misolla distribution system.
 

2, 	Stage pumps, including solvent 
pump, and full miscella pump .5 6 

3. 	 Spent flake conveyor-mass fl type-iP... 3 .. 7Y/2 10: 

4. 	 goal conveyor size 9" 12"' 14" 
-HP 2 3 5 

5., 	Desolventizer-Toaster
 
A. 	Unit, -,Kettles*- number 4 4- 4 

- intermediate 
height, inches 4 36 36 

- top kettle 
height, inches 48 50 72 

Diameter, inches 85 100 100 
Speed reducer Prenoo- 29" 11NTS 9NTS 
H.P., 40 , 0;5

B. Vapor scrubber - diameter 48" 60" 72"
 
.C.Rotary discharge valve None B" 8"
 
D. Piping, valves, fittings and traps Yes Yes Yes 

6.Ootveyor to meal dryer- mass flo type-HPNono . None 5 
7,Rotary steam tube meal dryor- size - -- 6'x301 

-HP " 15 
PRICE, FAS NY0, Crated for Export - $49,000 8235,000, $265,000. 

The above does not include preparatioi equipment, 'onveying to the 
extraotor or away'from the oxtraotinncrea, solvent or oil recovery 
equikmento instrumentb,'eleotrical iring or lighbs or motor controls, 
iniieuationp access platf6rms or structral supporter utilities, ocean 
freight, taxes or duty. 
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EXHIBIT I' 2OMR_ SOLYIT. EXTRACTION PLANT: 

Information furnished by: DU-VAL Industrial Foreign
4 Trade Corporation, 

DALLAS, TEXAS 75205, U.S.A.
 

Enolosed we are sending you a typical quotation for a 
Crown plant for direot extraction of soyboanos. The price
,fora complete plant as described in the typical quot-tion
(the size of the extraotor and of the desolventizor­
toaster will of 
course vary with the capacity) is as
 
follows;
 

A. 100-ton Plant $ 180,000.00 
B. 250-ton Plant $ 210,000.00 
C. 400-ton Plant S 264,000.00 
D. 600-ton klant 8 304,000.00 

If you wish to buy an 'oxtraotor 'and a D-T only and build 
the separation equipment locally, the following prices

will apply as per our cable:
 

A. 100-ton 

3. 250-ton 

0. 400-ton 

Do. 600-ton 

Extractor 


$ 60000.00 

S 77,000.00 

$102*000.00 

$119,000.00 


Desolventizer-Toster 

S 42,000.00 

S 51ooo.o00 
861000.00 

78,000.00.
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WIIZ..1t (Oqnt'd)
 

A-IYZIQAL SPECIFICATION - CROWN SO1T ETRAOTION PL&IT 

Information furnished bys 3DU-AL Industrial Foreigi Trade 
Corporation,
 

5421 North Central Expressway,
 
DALLd, TEXAS 75205, U.S.A. 
their Ebxport Agents.
 

CROW SOIVET EXTRACTION PLANT FOR 250 TONS OF SOYBEAN 

One (1) 	Crown Series 250 immersion and percolation type extractor,
 
approximately 3' wide x 33' long x 28' high, in6luding 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 Acouray
 
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 accurato assembly in
 
the field. All piping and valves for the extractor will be.
 
furnished. We will pipe the extractor 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.
 
Sparge steam through sweep arms in top kettle. Sweep arm
 
wear points are stellited for wear resistance. Tray vent
 
close coupled and made of stainless stool. Main drive thrust
 
bearing frame mounted on desolventizer-toaster for proper
 
shaft alignment and longor wear. Jones vertical shaft speed
 
reduction drive, 75 H.P. motor direct coupled. Fabricated 
steel motor and drive base. Desolventizer supports and 
anchors. 

One (1) Crown centrifugal solvent spray vapor wash with non-clogging
 
vapor duct mounted diraoly on desolvontizer-toaster.
 

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

Ono (1) 	Special hot meal sonveyor to carry meal from the desolventizer­
toaator to meal cooler, complete with drive.
 

One (1) 	Wot meal vapor tight conveyor system to carry solvent -detmeal
 
from the extractor to the desolvontizer-toasto, including
 
hopper, spouts, drive, and mounting.
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One (1) 	First stage evaporator built with stainless steel tubes to use
 

beated vapors from desolventizer-toaster and steam from vacuum
 

ejectors to remove solvent from oil, including floMat valves, 

pump, and fitted with a swirling vapor dome. 

One (1) 	 Stripping column, Crown jacketed disc and donut type, includIm 

float valVes, oil pump, and vacuum ejector, and fitted with a 

domisting typo vapor'dome. * 

One (1) Crown hydroolone miscolla olarifying syntem, inoluding flow­
meters, high pressure pumps0 and miscella tn o
 

One (1) 	 Vertical type desolventizer condenser built with stainless. 

steel tubes and baffles. 

One (1) 	Four-pass horizontal type evaporator condenser built with­

stainless steel tubes and.baffles, sized to operate under
 

partial vacuum for steam economy.
 

One (1) 	Crown solvent air separator system complete with stripping 

column, absorption column, minural oil heater, m~neral oil 

coolqr, pumps, flowmetors, gauSus and vacuum ojedtor 

One (i) Combination solvent work tank.and.solvent water sepa~ating
 
and flowmetors.
decanter 	including recycle pumps, solve*l pump, 

One (1) 	Waste water reboiler to remove solvent traces from waste water.
 

All necessary solvent and miscella preheaters as well as
 

miscellaneous pressure, temperature gauges, ejectors.
 

All valves, pressure regulators, traps, safety valvas, and 

pressure gauges for our extraction equipment. 

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

We will furnish such enginoering layouts and drawings as are required 

for the proper installatltpl of the proposed equipment and make preli­

minary plant layouts. A schematic flow sheet will be provided for 

piping the equipment. 

We do not furnish steam, wator, solvent, vapor or oil piping; fittings,
 

drain piping, except as noted, electrical wiring; switches; erection
 

labor or tools, foundations, insulation, grinding or sacking equipment,
 

building structures, solvent, oil or mijal storage.
 

Guaranteos;
 

Capacityt 250 tons of soybean per 24 hours. 



Guarantees: (Cont'd)
 

than 1% rosidual oil by
Meal: 	 Extracted meal shall eontain less 
weight on 	a 12.5% moisture basis and shall becoommerolally
 

free of solvent. 

oI: Extraoted oil shall have a closed cup flash point 'of 

3000F. or higher. 

If plant is operated in the rated guaranteod capaoity inSolventi 
accordance with good operating practices, the solvent loss
 

of the weight of the material
shall not be more than .4% 

proossed.
 

steams 	 Steam requirement shall not exceed 900 lbe. @ 125 P.S.I.
 
per ton of material processed.
 

Water; 	 Water requirements shall not cxcoed 300 G.P.M. of 60
e well
 

water or 900 G.P.M. of water from oooling tower colled to
 

within 70 of wet bulb tempcraturo.
 

Shipment: 	&all be completed in acproximatelj six months.
 

TOTAL PICE NE-FAS U.S. PORT................$210,
625.00
 

for sixty 	days, after which the price is
This proposal is guaranteed 

subject to review.
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PlantiEXHIBIT '01 - CRACKERS & PLAKERS - Rose Machine & Mill Supply 
SP,0. DRAWER 26468,. 
OKLAHOMA CITY, OK~i. 73126, U.S.A.
 

ROSS TWO-PAIR HIGH CRACKING MILL, furnished
 
wi',-solid roll type feetdor, V-Belt diffez'­
ential drive and guard, split hoiqsing for
 

easy roll~reuoval, soybean rigild' f e e d gate and 
.' P.r 1 o :Roos-Aratio feed roll drive, 2-7/16" Journals 

double row spherical roller bearings with --.---­
tapered adapter: ..
 

(6SS 10x30 1 No. S 5520.00 $5520.00
100 Tons/24 hrs. 

$ 552Q90 $11040.00 *256 Tons/24 hrs.. " 10xO 2 Noe. 

3 No. $ 6030.00 $18090.00 500 Tons/24 hra. " Ox36. 

ROSS HYDRAVIC FlKXING MILL, furnished with 
base' eitensioni h'eavy duty ,*-Ieltdifferen­
tial drive and guard, vibratory feeder, 

.split m.n housing for easy roll removal, 
hydraulic power unit with pump and motor,. 
accumulators, hydrauli6 Control and fit­

tings' Turn Tuff Rolls ground to oustomer
 

speoificati.hs, 5-15/16" Journals in the 

bearing area and double row spherical
 
roller bearings: 

1 No. $16310.00 $16310.00 100 Ton/24hrs. ROSS 20x30 

* 20x42 2Nosr $17805.00 $35610.00 ... 256 Tbns/24 hrs.. ; 

oao . $17805.00 • $53413.00 5.00 Tons/24 hrs.' "'" ' 20x42 .3 

CITY' BXED..ORPRICES F.0.R. OKLAHOMA X EXPORT. 
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-----

E IT'D' CLEANING EUII MT - FOSBERG INC., 
THIEF RIVER FALLS, 
MI. NESOTA 56701, U.S.A. 

Cleaning Syste is basi-cally oomprised of fourpieces of machinery - the Pteumatid Scalper, *the Screener orSorori-Aire, the Destoner, and'the Gravit,.Tabie. thej*
purpose is as follows: 

rneubic Scalp..er - first in the receiving line to remove 
dust, dirt, leaves, twigs,, etc. 

Sorefn-Aire - to sgalp off all foreign material larger than 
the soya bean and to ramove all products
smaller than the soya bean through the bottom 
screen, such as sand and other heavy fines. 
This unit can be used'either with or without 
the aspirator unit. The aspirator unit on 
the end of the machine does however, remove 
more dust and dirt through the air liftings 
as well as to remove lighter, inferior product 
which ge will call sotflings.
 

Sone - the purpose of this machine id thq 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 capacity of the entire flow line by
enabling to send the bottom portion of the bed of
material on the Destoner, whioh usually isgravity 
pure, to finished-product bin. Then the top cut,

in this case arbitrarily set at 40'4, which contains
 
most of light product and lighter impurities, is
 
set to the Gravity Table for final finiching.
 

GT.Lavty Table - this machine does the final job of making the 
moredifficult separations, i.e. separating
good product from foreign matter that has a 
close specific gravity. We do also make
Gravity Tables in totrlly enclosed vacuum 
type models that provide a dust free 
operation, 
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"A" 100 tons per 244 hour.'da- 6,400 lbs.r . 15ObPu/hr. 

250.tone per 24 hour day w 21,000*lbo./f. s 360 bu,/hr. 

"0" 500 tons per 24 houi',a - 42,000 lbe./hro :a 750 bu./hX. 

Line "A" Line "B" .. "C.. ".-. h .
10010Tcns/?41s.'. ',.h"250 Tone/24 hrs. 900 Tone/o,.- hr . 

458 Pneumatio Soalper 458 Pneumatio Sdaler 458 Piewatic Soalper 

24 x 48 Soreen-Aire 46 x 48 Soreen-Akie 60 x 84 Soreen-Aire 
or or or 

So-.eener " .Screener Soreener 

40% 40% (8,400 lbe.) 40% 

H-4 Destoner (vaouum). -.H-8,Destdner 2.- H-8.Pestoners 

G-4 Destoner (pressure) .
 

10-M Gravity Separator 2 - 12-M Gravity Sepa- - 12-M Gravity 
(to handle 3,360 p.p.h.) V- razors. Separators 

(16,800 lbs./hr.)
 

S 8,495 $ 13,970 '" 22,978 

Y.O.B. Thief River Falls, Minnesota, U.S.A.
 

FOR THE BEANSTORAGE SECTION.
 

PNEUMATIC SCALPER, Model 666, to handle 
2000 bushels per hour withoip fQ#:.&.Mt6* .4 .03'394,00­
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- B - AEROGLIDE CORPORATION, 
63oo HILLSBORO ROAD,
 
RALEIGH, NORTH CAROLINA 27602, USA.
 

AEROGLIDE oontinuoud flow. soybean Iiier for reducing moisture 
•ootet,og.o pns by 3J5f (1.0 to 9,5%) from clean, unfrozen 

,jsqybeans eomplete with: 

Priewelq. dodular tower sePtions with hot ,ir'ahdesxhust
 
air duct system; 
Fan house with separate control room and walk-in doors;
 

Backward-curved, heavy-duty industrial fani 
Manually operated 0limate Compensator for varying- . ing
and cooling air ratie to give maximum capacity undei' 
prevailing weather conditions; ' 
.op and bottom inspection doors;
 

Fill cap and discharge. hopper assembly; 
With low graih level indicator; 
Drop-bottom Power Discharge with eight self-cleaning
rotors and one /2 H.P. TEPC 3/460/50"variabl. epee9 
power unit for adjusting discharge rate t6 suit grain
conditions; 

Oil' burner for -fuel oil (CS12-48 standards) complete
with oil circulating pump, automatis opetating and 
safety .controls combustion chamber and refractories; 
Factory pre-wired dust-tight control panel with start­
*V+op push-button stations and indicating lights; 
Access 'ladder and service platform;
 

Fan drive arrangement complete with sheaves; tubhings 
and V-belts, but less motor and base; 
Standard operating and safety controls inoludi 
temperature limit switches for hot and exhaust air. 
duets" thermbStat controller nd flame supervisory 
system; 
5 metric tons/hour with 30 H.P. TEPC 3/460/50/1500
motor premounted on drier fan, NEKA Size 3 
across­
the line magnetic starter including overload heaters 
and start-stopg push-button station pre-wired into
 
control panel. go. ,. S 22,052.00 
12.4 metric tons/hour with 60 H.Po Motor and 
Starter. . .. t. $ 40P37800 
24.9 metric tons/hour with 60 H.P. Motor and 
Starter. 13 $ 68t160.001" "* 

, 
 1.! 
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MHIBTT 'E' - BEAN DRURS - CAMPBELL INDUSTRIES, INC., 
3121 DEAN AVENUE, 
DES N0INOS, IOWA 50317, USA.
 

CAMPBELL continuous flow grain dryer for reducing moisture 
content from 13 to 91/2% at 200F air temperature inoluding: 

'GRAIN TOWER., weatherproorf construction, reinforced fqr 
self-support in 100 mph. wind, with 1JNI-FLOW dividers 
to prevent-cross flow df grain; multi air duct grain 
tower design for most uniform drying of grain; hand ho~e 
access deoTs into eaoh 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 is exCessivme; access ladders; mechanical 
unloader with fluted rolls and 1/3 H.P. motor and drive. 

DRYER UNIT completely pre-assembled, factory test-fired 
unit with fans, burner and controls; 36V2 SWSI backward 
inclined blade, non-overloading centrifugal, drying fan 
with volume damper, cooling fan on same shaft, Hauk air­
atomizing fuel oil burner for 85 SSU viscosity (minim.m) 
fuel oils; 5:1 turn down ratio, 5,000,000 Btu/Hr maximum 
burner capacity; fuel oil manifold with solenoid safety 
valve fuel pressure regulator, fuel filter and fuel 
pressure switchl Gas pilot and manifold with eleotric 
ignition, solenoid valve, and gas pressure regulator; 
fuel pump V-belt driven by cobustion air fan, pressure 
relief valve and strainer; combustion air fan with V-bel1 
drive; combustion air manifold with volume damper and air 
pressure switch; control panel -o include drying air 
temperature indioator/controllor, ultra-violet main flame 
supervision, electronic pilot flame supervision, eloctronia 
flame controlled relay, drying air flow switch, high drying 
air temperature limit switch, grain flow control; motor 
control panel, et*. 

250 Tons/24 Hours o. $ 15,926.00
 

50C Tons/24 Hours s. S 21,250.00
 

PRIOEs O.I.P, Indian Port, 
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EXHIBIT 'E' B3EE? (RIER" - A.T. FERRELL & COMPANY, 
1621 WHEELL, STREn-, 
SAGINAW, MICHIGAN 48605, USA.
 

It 

OLIPPER. GENIE DRYER, OIL-FIRED'
 

390'bushlo. po hour (200 Ton./24 ,.. ..
,3,430,00 

750 bushels per hour (500 Tons/24 Hours). $0 26,670.00 

1500 bushels per hour (1000 Tons/24 Hours) . "S41,950.00 

PRICEs Boxed for Export*.F.O,B, Sagin~wm 
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E-XIBIT IF$ - BAGGING & SEWING - HOWE ICFIARDSON SCALE CM0I4NY, 
680 VA14 HOUTEr AVanUE, 
0LIFTOIN, NEW JERSEY 07015, U.S.A. 

100 to 250 tons/24 hours; 

One (1) 	Howe Richardson model GA-17 Belt Fed Automatic Gross
 
Bagger with a speed of up to 4, 50 kgo. or 100 kgs.
 
bags per minute; having an accuracy of within 2 sigma
 
plus or minus 120 to 180 grams. Arranged for operation
 
on 230 volts, 50 ocles, 3 phase.
 

Prices 	 Export packed F.O.B. Clifton, N.J. .. $ 2496 
Inland freight F.A.S. N.Y. *. 18 

One (1) 	Howe Richardson Uni-Pak Bag Closing and Conveying
 
System consisting of a 6' - 6" long variable speed
 
4onveyor with 12" wide 3 ply rubber covered canvas
 
belt, adjustable hei~nt sewing pedestal and model
 
80600E heavy duty sewing head. Arranged for operation
 
on 230 volts, 50 cycles, 3 phases This system to be
 
used in conjunction with the above scale.
 

Prices 	 Export packed F.O.B. Clifton, NiJ, .. $ 1777 
Inland freight F.A.S. N.Y. .. 18 

500 onsh4 ours:
 

One (1) 	Howe Richardson model E-5010A Automatic Bagging Scale
 
consisting of a belt feeder, 4 oubic foot capacity

weigh hopper, discharge hopper, &%d model G-30 air
 
oporatcd dust-tight bag holder. The scale will have a
 
speed of up to 15, 50 kilo bags per 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 phace.
 

Prices 	 Export packed F.0.B. Cliften, N.J. .. 3 6995 
Inland freight F.A.S. N.Y. vessel .. 40 

One (1) 	Howe Richardson model GA-11 bag sewing conveyor having
 
a length from 7' - 12' (adjustable in 4" increments);
 
12" wido rubber canvas belt; and a variable speed from
 
25' - 42' per minute. Arranged for operation on 230
 
volts, 50 cycles, 3 phase.
 

Price: 	 Export packed F.O.B. Clifton, N.J. *. 8 1348 
Inland freight F.A.S. N.Y. vessel t. 16 
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One (1) Howe Richardson model G-25A sewing pedestal complete 

with model 80600E Union Special heavy duty sewing head; 
sewing pedestal with a vertical height adjustment from 
2W2" mi imum 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 conveyor. Arranged for operation 
on 230 volts, 50 oycles, 3 phase. 

Prices Export packed P.0.3. Clifton , N.J. 
Inland freight F.A.S. N.Y. vessel 

°° 
.. 

$ 1657 
16 
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- DE SMET (INDIA) PRIIVAT2 LTD.,EXHIBIT 'G'. - S-OVER EXTRACTION PLANT 
KHANNA CONSTRUCTIOIT HOUSfs 
44, MAULANA ABDUL GAFFAR iROAD, 
WORLI, BOMBAY-18 WB.
 

10 250 TPat. 50T Z.~anL 

Preparatory Section 6s10,000/- 11,95,000/- 23,00,000/-


Extraction & Desolven- 1
 

tieing Seotion ) 8,52,000/- 16,75,000/0 33,00,O00/­

4,50,ooo/. 8,80,000/- 16,00,000/.
Distillation Se6tion 


Conditioning Section 1,80,000/. 3,00,900/- 4,85,000/.
 
-,a---­~~-----------------------------


Total Re. 20,92,000/- 40,50,000/- 76,85,000/.
 

- _CIFICAT IoNz_- , 7LooL 2L/s EP-

Item Quan- DE SMET CONTINUOUS EXTRACTION PLANT. 
.­... aS- --

PREPARATORY GROUP 

El 1 FEED ELEVATOR FITTED WITH MAGNETIC DRUM
 

for raw materials, totally enclosed type fitted with
 

inspeotions doors and elevator chain complete with 

driving mechanisa comprising of TEFC motor and starter. 

Magnetic drum complete with reotifier unit. 

703 1 C0RRUGAT"D 1OLLER MILL 
Totally encloced type with larger inspection doors* 

fitted with single pair of chilled cast iron hard 

corrugated rollers supported on heavy roller bearings. 
Machineries are corplete with driving mechanism, fitted 

take care of
with speoial belliville spring washers to 


shook heating. 

hUSK SEPARATOR with necessary aspiration arrangements
ESP 1 
for removal of husks. 
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Item. Quan­

707 1 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 
injection device, complete with driving mechanism. 

708 1 DE SMET COMBINED CRISPER CHAIN CONVEYOR 
for crisping 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 
driving mechanism. 

704 1 FLACKING MACHINE 

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 accidental passage of hard foreign material. 
Complete with driving mechanism. 

708 1 DE SMET REDLER TYPE CHAIN CONVEYOR 

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.
Complete with driving mechanism. 

736 1 FORCED DLAFT DEVICE 
Comprising fan, TEFC motor, V-belt driving mechanism 
air conducting pipe ith adjusting slide and starter. 

714 1 CYCLONE 

of special construction for reeovering eventual dust 
produced during cooling process with connecting air 
pipes and supports. 

70r D 1 ROTARY VALVE 

to be mounted under the cyclone. 
37 Necessary connecting air'pipes and duotings. 

OE I Necessary transport equipment inside the preparatory 
sections. 
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§eoiioatio~n (Cont'd) 
-

sa...5 ..	 . e **. .~ e a a 	 - a 

Item Quaan-


EXTRACTION GROUP­

8a 	 INLET 1IOTARY VALVE
 

for feeding the raw material to extractor 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 aotuating liner for 

blowing horn to warn the operators about the low or
 

high level raw material.
 

3 1 	 DE SMET CONATI.JOUS ZXTIU.CTOR, Type (18-12-9) 

with miscella hoppers, circulatinJ pumps (p3) with E.P. 

motor, piping, atomizer, plug, valves, sampling 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
 

mechanical seals, complete band conveyor comprising 

cover joints, perforated plates, metal cloth and special 

links. Type Spcl ( 250/500 ; 

MEAL CHAIN1 SOLVENT-TIGHT ITER1UEDIA1IY 
special alloy steel wearing straps,CONVEYOR - fitted with 

motor.
special conveying chain including gear box with EP 

8b 1 	 I:'TERNEDIA1Y OT iIY VALVE 
seal, chain 	drive, drivingfitted with 	 special mechanical 

mechanism. 

70 1 	 DEOLVNTISR TOASTER 
in mild steel construction, with jacketed bottom for
 

steam, comprisingindirect heating of the material with 
each stage fitted with inspectionof number of staGes, 


door, scraper and feed regulator all governed from central
 

shaft, complete with driving mechanism.
 

so 1 	 JACKETED OTAflY VALVE 
fitted with special mechanical seal, chain drive, driving 

mechanism.
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S eifjioation 	(Cont'd,
 

Item Qua­

28 1 	 DRY DUST CATCHER - where applicable of welded mild steel
 
construction, including driving mechanism with gearbox
 
and E.P. motor.
 

29 1 	 WET DUST CATCHa - in mild steel construction fitted 
with sprayers, eight glasses and safety syphon, to wash 
the vapours from the desolventising unit with hot water 
for removing dust, 

20a 1 	 HOIRIZONTAL SU2FACE CONDENSER 

20b 1 	 shell in mild steel construction and tube system in 
Brass complete with supports, floating head type for
 
easy removal of tubular bundle.
 

30 1 	 FINAL GAS COOLER in mild steel construction with
 
atomizer to scrub the uncondonsed vapours with cold
 
water for contact condensin;'.
 

45 1 	 SAFETY WASTE WATEA D2SOLVENTISER 
fitted with eight glasses, manhole, heating coil and 
thermostat to control the temperature of outgoino waste 
water at 800 to 900C, in mild steel construction. 

DISTILLATION GROUP 

17 1 	 HAIN MISCELLA TAJK AND D=AIER
 
of welded mild steel construction, with manholes and
 
supports, including level distance indicator.
 

18a 1 	 DE SMET MIISCELLA STILL
 
working on te rising film principle, shell in welded
 
mild steel construction and tube system in mild steel
 
with supports.
 

18b I 	 SEPARATOR
 
for ensuring that no oil goes along with solvent vapours
 
in M.S. fitted with sight glass.
 

19 1 	 H02IZONTAL SURFACE CO,1 DMENSEI, shell in mild steel oons­
truction and tubes syctom in brass, complete with 
supports, floating head type, for easy removal of 
tubular bundle. 
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Speoification (Cont'd)
 

Item 	 Quan­
tity
 

21 1 	 OIL HEATER - shell in mild steel constrction and tube 
system in mild steel for raising the temporature of the 
oil With thermostat valve to control the temperature 
of the oil. 

22 1 	 STRIPPING COLUMN - shell in mild steel construction
 
fitted with mild steel internals, with sight glasses,
 
supports and atomisers for spraying the oil.
 

23 1 	 SURFACE CONDENSER - Shell in mild steel construction and
 
the tube system in brass with supports, floating head
 
type for easy removal of tubular bundle.
 

32A/B I 	 MAIN AITD SAFETY WATM-- SOLVEI!T SEPARATO'I
 
in mild steel for separating pure solvent from water
 
received from condensers by gravity decantation.
 

34 1 	 SOLVENT RECEIVER in mild steel construction to receive 
fresh solvent from item 32A/B prior to transferring the 
same to extractor. 

41 	 4 STEAM EJECTORS 
for maintaining vacuum on condenser and apparatus to
 
ensure 	vacuum distillation and stripping and for
 
effocting economy in steam.
 
NOTE: Items 17-32A/B-34 and 45 are combined in a
 
sinelo 	vessel with several compartments.
 

60A I 	 STEAM ECOJ00;ISER UNIT 
Do Smet Economiser Unit for the effective utilisation 
of the heat of vapours coming out from Desolventising 
seotion for 'er.ting up -,iscella before being fed to 
the distillat c:, sectior.. Shell in 14.S. construction
 
tubular bundle: in cupronickel fitted with necessary
 
nozzles and supports.
 

60B 1 	 SEPARATOR FOR ECO!OAISER 

120 1 	 SOLVENT RECOVERY CGOUP 
S2ECIAL RECUPERATIITG UNIT WI - stainless steel 
'internals' fitted with mechanical seal, along with EP 
motor, EP push button, &ear box and complete drive. 
Shell co:istruction in mild steol; for absorbing the 
solvont vapuurg from the vent air to minimise the 
solvent loss.
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SPegitigatigon 	(Cont' d) 

Item Quaan-	 ae.4. a. 

180 1 	 ABSORBING MISCELLA =VAP0.2ATO in mild teel .oonstruotion 
working under vapuum, complete with motor and drive to 
recover the solvbnt from the oil.
 

181 1 	 SURFACE COOLER for cooling the absorbing oil after 
distillation with double coils in heavy gause pipes, 

ACCESSORIES 3 

50 ALL THE WATER VALVES
 
51 ALL THE SPECIAL VALVES FOR SOLVENT, MISCELLA AND OIL
 

OIRCUIT 
52 ALL THE STEAM VALVES
 
54 ALL THE MILD STEEL PIPES WITH FLANGES, GASKETS, BOLTS,


'IUTS AND E3EJDS.
 
56 ALL THE STEAM TRAPS WITH STAIi1ERS, SIGHT GLASSES AND
 

AIR VENTS.
 
58 CONTINUOUS DUTY CENTRIFUGAL PUMPS specially designed to 

handle pure solvent, miecella, oil etc., required in the
 
plant with specially dosigned mechanical seals, with base­
plate and drive arid E.P.motor and push buttons. 

PI - For transferrinS fresh solvent from item 34 to the 
extraotor - item 3. 

P2 - For transferring thu back washed miscella from the 
hopper to the 	extractor.
 

P3 - Set of pumps to circulate misoella of different 
concentration 	in the extractor for counter-ourrent
 
washing. 

P8 - For transferring misoella from miscella tank to the
 
distillation columns.
 

P15 - For trcneferring miscolla from extractor to the 
isoella Holding Tank. 

P18 - For transferring concentrated miucella (oil) from
 
evaporator to the stripping column.
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62 

Item Quan­
tity
 

P19 - For transferring condensate from vacuum
 
oondensers to the solvent miscella separators.
 

P22 - For transferring final stripped oil to the
 
storage.
 

P29 -or circulating hot water from Dust Catcher to 
the Waste Water Boiler for scrubbing the gases. 

P180 	For circulation of absorbing oil in the
 

recuperation system.
 

P63 - For transferring solvent from solvent storage 
tanks to the plant. 

P60 -	 Foroirculation of miscella in the oconomiser unit. 

SPECIAL'MEASURI-G Ai.D AUTOMATIC SAFETY C0iROL DEVICES:
 

a - Misce~la Plowmeter t3 control the flow of miscella
 
to distillation column.
 

b - Steam Reduoing Vaive to control the pressure of
 
steam in di.tillation'section.
 

o -	 Automatic temperature regulator as described
 
supra, for.controlling t.-e te.iperatu'e *of final oil 
and waste water from the plant. 

d - M6toviued Steam Valve (electrically actuated steam
 

valve) in Z.P. cinstruction 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.
 

a -	 Electrically ac.tuated Thermostat to warn the 

operators by visual and audible signs in the event
 

of excess vent lemperature and inter-locked with
 

motorised stoan valve to 
cut off the steam
 
supply.
 

f --	 Prossiostat - electrically operated to stop the 
plant entirely i.i case of steam failure in the 
Desolvontisers, thus eliminating the ohances of 
undosolventiaed meal Going out to the packing. 

g-	 Uderpresouae indicators. 

h -	 Xecial dial thermometers. 

£ -	 Pressure and Vacuum Gauges 
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S-pboifi-otion (Ctd..) 

Item Quan­

tity 

j -	 All guards for driving mechanism 

k - Lubricating devices, with grease nipples, oil
 
cups and grease gun.
 

1 -	 All eight 'glassesfor the piping 

m .-, 	 2 sets of spark-proof tools required during 
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.
 

73A 	 COMPLETE SWITCHBOARD 
with enlightened sketch of the plant, fitted with
 
ammeter and control lamps,starters, fuses for the apparatus
 
mentioned hereabore, equippod with sequencing of
 
operations, visual and audible indicators for faults,
 
if any, developed in ti.o process with interlocking
 
system of safety devicoc.
 

73B 	 All E.? ?USH BUTTONS i,:1D SAFETY SWITCHiES 
for motors and liht fixtures of the plant. 

7.3B 	 AUTOMATIC SAFETY DEVICE WITH I101,S L41) VISUAL SIGN
 
warning operators in case of motor failure.
 

' 75 	 EP CABL2S jiD LIGHT FIXTURES 
for general lighting of the building and internal 
lighting of apparatus.
 

97 	 OPEN AIR TYPE 2TL2L STRUCTURE
 
for main Solvent Extraction Plant with all supporting
 
structures, platforms, steel floors, trusses and
 
pentroofs, ganaways, stairs and railings, columns 
for oupportin a 	corrugated asbestos type roof and
 
anchorage bolts 	and extra staircaso, but WITHOUT
 
asbestos she.ets 	 for the roof a.,d pentroofs ana 
foundations.
 

AJOTE. 	 1. The quantities against Accessories will be' 
supplied in accordance with our preferrod

arrangement for 	the above capacity plant.


2. 	 The term "Explosion-proof" as used here is 
synonymous with the term "Flame-proof". 
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gpecfioation (Contdl).
 

Item Quan­
tity-


CONDITIONING CONVYING SECTION 

9 •.	 MEAL COOLING CONVEYOR - Max. length; 25 metres
 
fitted with spbcial device ensuring the cooling of
 
the meal by air and conveying chaih including TEFC
 
motor, gear box, chain drive, driving mechanism.
 

14 1 	 DRY CYCLONE 
in mild steel construction for recovering eventual 
dust produced during cooling process, with connecting 
air pipes. 

8d 1 	 ROTARY VALVE to be mounted under the cyclone. 

36 1 	 AIRFAIN
 
ensuring the aspiration of the cooling .air through
 
cooler conveyor, including air ducts, with adjustable
 
sliding doors, V-belt driving mechanism, TUPC motor.
 

39 1 	 FINAL 'WET CYCLONE in mild steel with sprayers and
 
supports.
 

II 1 	 DE SUlET TWIf SCE HU4IDIFIER 
in welded mild steel construction with supports,
 
stainless steel 	cover spraying devico, water flowmeter,
 
including TEFC motor and gear box and drive.
 

GRINDgR 
for grinding the meal to suitable mesh complete with
 
driving mechanism.
 

IUI.RKS: We reserve the right to alter the spooifica­
tions, wherever found nocessary, in the light
 
of later dovelopneots subjeo to the condition
 
that the overall pbrformnance of the oquipmont
 
remains unalterodi
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DE AMCONTNUOU EDCT' ACTM YM 

WARRANTY 

CAPACITY: expreosed in metric tons/24 hours.
 

Natr ofmaterial OlCn 

SOYBEAN SEEDS 18 to 20% 250
 

The plant will be able to run satisfactorily at capaoities of 20% above 
these figures, but warrantees of deoilings and solvent losses will not
 
apply in this ease.
 

ESIDAL OIL CONTENT OF ETRACTED MEAL: 

SOYBEAN SEEDS Less than 1% Practically 0.7% 

Analysis to be made with the solvent utilised in the extraction plant 
following official AOCS METHOD. 

SOLVENT CONSUMIPION; 

SOYBEAN SEEDS. 
 Less than 0.7% by weight of entering
 
material. 

All Warranties apply simultaneously to the indicated capacity of the 
plant and are to be calculated for full period of 140 hours during which
 
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
 
no further claims of whatsoever nature or description shall be 6nter­
tainod.
 

UTILITIES:
 
STEAM CONSMIrION* 

Extacton:Less than *400Kg/ton (880 lbs/ton) of entering material
Dry steam at 6 atm abs (85 Psig) provided corroet insulation of piping
and apparatus followinj 6ur prescriptions. 

WATER IN CIRCULATION: 55*000 gallons/hour at 30C. 

POWER CONSUMPTIQN: abo xt 40 Kwh/ton. MAN POWERt ONE MAN. 



EXHIBIT 'H' 
SERVOTEC1l WGINE M-S PRIVATE LIUITED 

P.B.6073, Colaba,. onbay-5.BR
 
Cables: "S1VOTECH"- Phone: 212006
 

SOYBEAN 1D0CESSING PAN -- PROPOSALS 

I. 	 0250/500 SPECIAL" Initial capacity RS Ra 
250 Tonnes/24 hours but with built-in 
capacity for 500 Tonnes/24 hours in
 
some sections.
 

1. PB.EPJXATORY SECTION
 
with innorted Forsberg Cleaning Equipment
 
for edible products manufacture, Ross
 
Hydraulic Flahers 2 11os, and S-UVCTEC-

Krahers 2 los. two pairs, Conditionek,
 
Feed Conveyor from Preparatory section to
 
Solvent Extraction Plant designed for
 
500 Tonnes canecity, Hulls senarating,
 
grinding and toasting equipmient, uechanical
 
transport equipment designed for 500 Tonnes
 
in 24 	hours capacity, all the supporting
 
steel 	structures, electric control panel
 

.P4623030
and wiring. 


2. EXTRACTION SECTION
 
with iriorted CROWN Extractor 600 Tonneu/
 
24 hours capacity and SMVOT3CZ
 
DEWIIMt-T0STER, stainless steel
 
Vaposcrubber, Condenser and connecting
 

1,784,970
piping. 


3. 8ERVOTECH Miscella Evaporation section,
 
Trifun system, Solvab system, open air
 
steel building with columns, beams, plat­
foras, railinf's, staircases, trusses,
 
purlkns, etc. designed for 500 Tonnes
 
capacity plant, Bulk storage tanks for
 
hexane, 'aergency water atora&e tank,
 
Day tank for oil in the plant, electric
 
control panol and EP electricals. 778,000
 

4. FIN]ISHING SBCTI014
 
with Leal conveyor from Dexanizer-Toaster
 
desinned for 000 Tonnes ccancity, Meal
 
Cooler, Grip;ina and Separating equipment,..
 
mechanical transport equipment desisned
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for 500 Tonnes cavacity, imported
 
Howe Richardson automatit Bagging
 
machine and'ag closing a00hine. 580,00
 

------- 452tC00 

Additional-equipment for stsppin;t up the 
capacity of the plant to 500 T/24 hours. 

a) Preparatory section 	 650,000
 
b Extraction section 650,000 
c Finishing & Grinding ection 300,000 

1 600,000 

TOTAL 	COST for 500 Tonnes/24 hrs. plant .. 8,182,000
 

NOTE: 	An import licence for a value-of
 
US o190,000 would be required for the import
 
of machinery.
 
Import licenoe value for expansipkn would be
 
US 036,079.
 

II. 	 "250 SPECIALW
 

Same as above, but without provision for expan­
sion to 500 Tonnes oapaoity. 41012,000
 

•NOT : An import licence for a'value of US0148,O00
 
would be required for the import of machinery.
 

III. 	 SELVOTECH 250 Tonnea/24 hours plant, indigenous. 3,305,800
 

NOTEs 	Import licence for 7.5% of value of plant is 
required for importing critical components not 
available in India. 

IV. 	 8EVOTECH 100 Tonnes/24 hours plant, indigenous. 1,900P000 

NOTE: 	Import licence for 5% of value of plant is
 
required forimportina critical components not
 
available in India.
 

All prices indicated above are net, ex works 3ombay. In all cases
 
the supply of material for the processing plant is complete. Only
 
foundations and civil works, orection, inotallation and insulation
 
are not covered. The steel structureo for the Extraction, Preparation
 
and Finishing sections, Bulk storage tanko for flexane, Emergency
 
Uator Storage Tonk,-Day tank for oil in the plant, complete electrical
 
equipment and wiring not only in the .xtraction section but Treparatory
 
and Finishing sections as well are included in the supply.
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SPECIFICATION FOR 1250/500 SHECIAL" SOYB:A4
 
P:-CCZSJSIG P"ANT;
 

S1.11o. ,Decription 	 6uantity
 

I. PPARATORY SECTION. 

1. 	 ELECTRO MAGNETIC SEPARATOR
 

complete with Rectifier unit, TBFC motor and drive
 

2. 	 FORSBRG SCrQ2.J AIRE UNIT
 
with woven wire soreens, oporatinC at high speed,
 
with pooitive drive eccetrics, with facility to
 
adjust screening separation and air separation
 
independently of each other, circular movement of
 
screen creates continual turn of the product so
 
that there is always total contact of the product
 
and screen, complete with 3/4 il drivo and
 
ventilator.
 

3. 	 FORSBERG VACUMd DESTONER
 
in all steel construction with built-in stratified
 
floatation separation of purities, complete with
 
3/4 lIP drive and 15 iP ventilator.
 

4. 	 FORSBRG VWCUU, GI"VITY SZPPJLhTC0S 2
 
in all metal construction, with rubber-bushing sue­
pension and deck Adjustont system, with enlarged
 
non-splitting return legs, with improved counter­
balance drive anC 4alibrated markings on all controls,
 
designed for duot-free operation with 10 HP motor.
 

5. 	 SERVOTECH KRkUtS 2
 
in all steel frame, two pairs clilled cast iron
 
fluted rolls moving or. heavy roller boarinee, with
 
gap adjusting device, food roller and v-belt drive
 
with two TaFC motors, geer boxes and drives.
 

6. 	 FORSBERG PNEUkATIC SCALPER
 
for separation of hulls from cracked beAns., complete
 
with 5 1F ventilator.
 

7. 	 SEaVCTECH TELPOCONDITIOIER
 
in five stages with double bottoms, with PXVINJECTION
 
device, level regulating device, motor, gsoar box
 
and drive.
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o 	 ROSS 20x42 iMA-%"ULIC FLAHIIT.3 kILLS 2
 
with heavy 6uty V-belt differential drive and
 
guard, vibratory feeder, 3plit uain housinG for
 
easy roll removal, hydraulic power unit with
 
pump, motor and accumulators, hydraulic control cnd
 
fittings, Turn Tuff rolls ground, with double row
 
of spherical roller bearings, with 100 HP TBFC
 
motor and drive.
 

9. 	 SERVOTBCH FEi"D CONMOR 
with pressed steel casing, special alloy steol
 
chain and guide straps, with tonsioning arrangement
 
and driviug arrangement with gear box and EP
 
motori
 

10. 	 GRINDER
 
for hulls with motor and drive.
 

11. 	 TOASTER
 
for hulls with TEFC motor and drive.
 

12. 	 All.the necessary mechanical transport equipment 1 Lot
 
with elevators & screw,conveyors designed for
 
500 Tonnes/24 hours, capncity, conilote with gear
 
bexes, TFC motors and drive.
 

I. EXTRACTION SECTION
 

1. 	 RATOSEAL
 
food valve for maintaining a pre-dptorminod rate of
 
feed to the Extractor and nroviding a vapour-seal,

complete with chain drive (off the Feed conveyor).
 

2. 	 FEEDOBMJ 
mounted on the Extractor for holding feed stock,

complete with light end eight gl.asses.
 

3, 	 CR.oJII ZXTRACTOR - 600 Tonnoo/24 hrs.
 
percolation type, approximately 6 ft. wide, complete
 
with vart speed drive, with an Accurty nuclear
 
sensor 
for proper flake level control, completely

pre-noseoblod before despatch.
 

4, 	 DIOCURfGLIN 
 * 

for receoivine to qxtractod material discharged by
the Lxtrnctor.
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5. 	 k8cESCUL4TINqG FUJFS 7 
all-iron construction, ouilably Sroupe6 ann. driven 
by L notoro for frch solvent eod to the " ratok. 
cnd miocella circulation. 

6. 	 8-IVOTIT3 COIN3VYOR 
oolvont-tij't construction with SL-.VCS2U for trans­
porting the extractod ncterial fron the Dichargbin
 
to the Dexcniser-Toooter, conplete vith BF motor and 
drive. 

7. 	 IATpSZAL
 

feed valvo, for proper regulation of fevd and provi­
sion of vapour sccl, coripleto with chain drive 'off
 
SLVOTITS CWIWYONR) . 

8S. 	 D=[ANIZ2L-TOiS7M 
specicl vertically rounted, multi-pan construction 
with double bottoe, atenn hoatine arrangerent rith 
open otoea cifuser with closure,devico, 	 cV3J..L 
with heavy ci.it.,tor nasambly, ce.r box and drive, 
with spocial "V7LLUA3TC L devices in cc:© n, £ed 
dischcrZe corrolz.ting arran.=ent, ate. 

din. ar~e convqyor completo with drive.
 

10. V.1)3C01ta:U)L3 
in stainloes steel construction, for sorubbing 
ycpours free of ous3andcd dust. 

11. 	 DCCONDUM3OR 
£ulti-prt3 cartridge type shell cad tube condonaor 
witb iile oteol sholl and 3rnso/cupro nickel tubos 

12, 	 U1IXO OOL 1 
for final cooling of vent before entering Solvab 
Unit. 

3M. IF3 ,Y8Tr.jIII. XIVA, Tn, 

1. 	 f .lhV O0UT 0.' 

cild steel body, tubulaturo in rilC stoel, spoois ly
 
designed for rapid prinary evaporc.tion of isboll.
 
using low pressure steam.
 



mild steel constructiorn for cyclone-separation of
 
primary flash vapouro, with light and sight glass
 
fittings, complete with entrainnent separator.
 

3. 	 S3C01NEVL0 .T0R 1 
siilar in construction to ILV.P0T1OR for 
secondary concentration of oil.
 

4. 	 SECOMr. 1 
similar in construction to PW'JThB.SHER for separation
 
of secondary flash vapours.
 

5. 	 F1TFINISHMA1
 
specially designed for super otrippin5,of residual
 
solvent in tkho finishinr, oil, oporating under high
 
vacuum, -ild stool body, internals in mild steel,
 
complete with iight and siGht glasses.
 

6. 	 MULTUbL CCitf 1G13OR 1
 
uulti-purpose, multipass cartridge type shell and
 
tube Sondensor, body in mild steel, tbulaturs in
 
brassicupro nickel.
 

7. 	 8zCO1r.ZWGSOr1
 
seconcrary condonsor, sarme ae abovo.
 

0. 	 )iIV,..C .TC1! 1 sot 
triple ovaouctors for naintaininG the desired multi­
level vacut= on the evaporation system.
 

9. 	 MIT&INP pS 4
 
all-iron centrifugal pwips, sutably grouped for
 
drive 	by D cotor/s, coplete with base frame. 

10. 	 MUL S&VOIR 
mild steel construction, for reception of miacolle 
frou the Extrcation section and feed to the .1vaora-,
 
tion section.
 

Opociacl unit for effective aqua-hexano separatiod.
 

12. 3X.VIi, plant vcervoir for hexane. 	 1
 

13. 	 2 ,3):.Z 
thermostatically controlled device for flash­
recovery of solvent in process effluent. 
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14. 	 MIRATOR 1" 
direot-idioating device for control of rate of 
evaporation. 

15. 	 TEKPEGULATORS 2 
for thermostatic control at strategic places in the 
process, 

16. 	 TIFECRANGER 
multi-pass cartridge type, specially designed for 
most efficient heat exchange between the Desolven­
tizer gases and the miscella, shell in gild steel,
 
welded construction and tubulature in special alloy.
 

17. 	 TIFLASHER 1 
mild steel welded construction, for centrifugal 
flashing of vapour from miscella, with special liquo­
baffles, with light and sight glass fittings. 

18. 	TIFCIRPUMP 1 
high throughput all-iron circulation pump, complete 
with EP motor and drive, for ciroulation of misoella 
through the system. 

19 . SOLABSORBER 1 
horizontal model, shell of mild steel construction, 
with water cooling device to dissipate exothermic 
heat, shaft in steel, mounted on special bearingst 
vapour-tightenese ensured with SERVOSEAL, internals
 
in stainless steel, complete with EP motor and drive.
 

20. 	 SOLEVAPORATOR 1 
vertical model, in mild steel construction, with steam
 
heating and stripping devious, specially designed for
 
stripping the absorbing medium of absorbed solvent in
 
two stages, complete with light and sight glasses.
 

21. 	 SOLCOOLER
 
in mild steel construction, designed for efficient
 
heat transfer between the hot aboorbing medium and
 
cooling water, reducing the temperature of the
 
former to the desired level appropriate for optimum
 
performance in the SOLABSORBER.
 

22. 	 SOLCIRPUMP 1 
for circulating the absorbing medium in the unit
 
with 	specially designed driving mechanism. 
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23. O0oTJOR 
direct-indicating device for control of rate of
 
circulation of tho aboorbinG iiediuu in the unit.
 

IV. FINIS31MG 32CTI~tl
 

11. 	 MIL COMV0IYO 

for trenmportinG the ueal from the Uxtraction section,
 
in L.8. pressoe cooing, chain nmd voarinG straps in
 
wear redsting oteol, tenojoning devico, complate
 
with 1a motor and drive.
 

2. 	 gI/.L COOLE!
 
clad with louvres on all aidea, with a number of
 
coolitt trays one over t'Z otner, with or aitator
 
asserbly, co-plete with motor and d.rivo.
 

3. 	 LGJ SYF GRlIMM' with motor end drive. 

4. I"XI 3ZGGIILSirwith motor an. drive. 

8. - with notor and drive; 

61 	 ,11 the neceoacry uechanical trana.ort equipment I Lot 
designod for COG Tonaoo/24 houro cap.-.city, couplete 
with Goar Loxes, TZC motors ace Crive. 

7. 	 HOWL ICj.LD3CIT automatic 2agging uachine cad
 
bag closing achine.
 

1.DPITlC1~i.L 3UYPLI:.;3 

1. 	 8TAW4 WI1; inuide the plznt complete vith water
 
separator, main atop velve, reducing valve, safety
 
valve, prosoure ZouZoo for diatribution of steam
 
inside the precincts of the plant.
 

2. 	 COM14I.Ta COLCTI: Fi-.ING inaide the proincts of
 
t4ij plat.
 

8. 	 "A7 a.IN inie. te 2-t com'plete with otop valve,
 
preasero -juej utc, for diatricution water iiaide
 
tho .rucincto of the ilmt.
 

4, 	 afluont pipin inldo the procius of the plant. 

http:COM14I.Ta


5. All the necessary steam valves for the steam circuit
 
All the necessary steam traps for the condensate circuit 
All the necessary Audco valves for miscella/solvent 
circuit 
All the necessary heavy guage pipes for piping

All the necessary BSS flanges, bolts, & nuts and gaskets
 
for piping
 
All the necessary VISIFLO devices
 
All the necessary Thermometers, Pressure/Compound/Vaouum
 
gauges and Manometers.
 

6. 	 ELECTRICALS as per preferred arrangement.
 
EP motors for Pumps
 
EP push buttons for motors
 
EP light fittings for apparatus lighting

EP cables for wiring up all electrical items in the
 

Extractijn Plant from the control panel 
Cable trays for EP wiring in the Extraction Plant.
 

7. 	 ELECTRIC COIrIROL PANELS 
with sequencing, interlocking and other safety devioes 
for controlling the operations in the plant and for the
 
Preparatory and Finishing sections.
 

8. 	 AUDIO VISUAL ALAR: SYSTDI for drawing operator's atten
 
tion in the event of abnormal operation.
 

9. 	 MOTORISED STE*!! VALVE to cut off steam supply to 
the
 
Plant in the event of power failure.
 

10. 	 PRESSIOSTAT to stop the Dexanizer unit in the event of
 
too low steam pressure.
 

11. 	 THER0STAT SAFEGUARD against inadequate water supply.
 
12. 	 MASTER SWITCHIES for emergency stopping of Extraction 

Plant.
 

13. 	 SIGNALLING DEVICE between Extraction Plant & Pruparatory
Section. 

14. 	 EIERGENCY WATER STORAGE TAN1K for the plant. 
15. 	 BULK STO:IAGE TANIKS FOA storage of Hexano for the Plant. 

16. 	 DAY TANK for oil in the plant. 

17. 	 Open air steel building for 3olvent extraction Plant

with columnu, beams, platforms, staircases, railings, 
etc. as par proferrod arrangement. 
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10. 	 Supporting structures with columns, beams, platforms, 
staircases, railings, etc. as per preferred arrange­
ment for the Preparatory and Finishing seotions. 

19. 	 SPECIAL DOUBLE GLASS WINDOW to be fixed by customer 
in his civil works. 

20. 	 PRESSURISING FAN
 
for maintaining the control cabin under pressure to 
prevent ingress of solvent complete with elevated air
 

entry 	to conform to safety regulations. 

21. 	 WARNING BOARDS% 'RESTRICTED AREA' 
'CONTROLLED AREA' 
'NO ADMISSION'
 
'NO SMOKING'
 

22. 	 One set of sparkless tools, as per standard practice.
 

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.
 

1. 	 CAPACITY: 


2. 	 DEOILINGs 


3. 	 SOLVENT 
CONSUMPTION: 

1. 	 STEAMs 

2. 	 POW s 


3. 	 WATERt 

4. 	 OPERATING 
LABOURs 

W;JRRANTEE 

250 Tonnes of Soybeans 	of 20% oil content
 

Below I% by weigiht, analysis to be conducted 
by standard AOCS method using the oame solvent 
as is used in the process. 

10 litres/tonne of entering material, subject 
to (a) the required quantity of cooling water 
at 30C 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
 

350 Kg/tonne, dry saturated steam at 150 Psig. 

40 KWH/tonne, 400/440 volts, 3 phase, 50 Cycles 
A.C.
 

200 Cu.Mt. per hour in circulation, can be
 

cooled and recycled.
 

One operator and two assistants per shift. 
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250T/24H PLANT. 

EI13IT III - DETAILS 9? FINANCE ~'~RC 

A. STAM RAISING PLANT 	 R. Re. 

1. 	Fully Automatic Packaged Boiler
 
(Westerworks) 5;00 Kg. per hour
 
evaporation, 150 Psig, complete
 
with aocosoories. 	 2220800
 

-..	 Piiel oil taiks 2 x 5000 glns. with
 
pumps and piping. ... 359000
 

3. Chimney 30o.000 

4' Feed & Condensate Water T61*so 20,000 

5. 	 Water Softening Plant. 25;000 

6. 	Steam Distribution Main. 30,000
 

7. 	 Condensate Return. 1,00 372800 ....... um....0
 

B. WATER COOLING & PUMPING INSTALLATION. 

1'. 	 Cooling Towez 50,000 gallons per 
hour capacity. 50t,000 

2. 	 Water ciroulat-!ng pumps 3 Nos. 
5C,000 g&l.ons per hiur. 30,00 

30,000
3. 	 Valves, pipes, etc. 

4. 	 Pane):, w,.rln. "' 15,000 
125,000
 

.C,. ELUCTRICAL IN:STALLATI0N; 

1,: 	Transfarmort, ll,000/440 Volta.
 
3 Ph5%sf), 50 (Yooa,I .C.
 
75) kVA - 2 Soa. 60,00
 

2. 	FT i<,c tion, Cabl.g and 
Circit. , 5rrvakor. 40000 

; 	 ..L'U. Difi.eibuti on Pan1 50,000 

0/0 170,000 



EXHIBIT ' (Contd.)
 

C. ELECTRICAL INSTALLATION (C01 ',D, 


-4.Cabling 

5. Lighting including yar'd lightin5 


6. Earthing 


7. Power Factor Capaoitors 


D., BULK SITORAGE INSTALLaTIN:
 

1. Oil Storage Tanks 5 x 100 Tons 
capacity @jN.40,000 each.-

2. Pumps and Piping 


fj.uvRx EQUIPMENT:
 

1. Laboratory .&uipment 


2. Fire Fighting Equipment 


3. Workshop Equipment 


4.Tools, Taokles &.Imp!ements 

5. Furnitures & Fixturev 


6. Officu Equipment 

.F. SILO TORAGE & MEL H/NDLING allIPMENTs 

1. Wagon Tippler - Elecon, End-Rocker
 
type .. 


2. Forklift Trucks (2)
 
Pnrtable belt conveyor-for 

loading bags ii. wagons etc. 

3. Ventilation Equipment for Silos 

4, Pneumatic Scalper, capacity
 
2000 Bushels per hour 


C/O 


Re. Re. 
17,oooo 

000 

30,000 

20,000 

50,000 
320,000 

200,000 

15,000 
" 215,000~mmm 

30,000 

40,000 

50,000 

40,000 

20,000 

209000 

200,000 

1,200,00O 

200,00 

145,825 

21,750 
1,567,575 
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EXHIBIT 11' (Contd.)
 

F. SILO STORAGE & MEAL HANDLING
 
QUIPMENT (CONT'D)
 

B/F 


5. Clipper Continuous Drier,
 
capacity 1500 bushels per
 
hour, Moisture 13 to 9 2% 


6. 	Mechanical Transport
 
Equipment, capacity 50
 
tonnes por hour. 


7. 	Eleotricals. 


Go-. RAILWAY 	SIDING & SHUNTER:
 

1. 	Railway Siding inside the
 
Factory. 


2. 	Tata Diesel Wagon Shunter 


3. 	Sundries 


H. WEIGHING EQUIPMENT:
 

1. Wagon Weigh Bridge 100 Ton
 
capacity with weight
 
printing mechanism. 


2. 	Truck Weigh Bridge 40 Ton
 
capacity. 


3. Dormat Weighing Scale, 5 T6n
 
capacity for Oil weighmento 


4. 	Weigh Scale for Stores 500 Kg. 


5. 	Sundry expenses. 


25,000 Tons storage capacity
I. 	 SILOS 

in RCC 0 fh.150/- per tonne. 


LAIR & BUIDING 


Re. Re.

1,567,575
 

452,425
 

700,000
 

80,000
 
2,8O0,000
 
-U.-unm. 

800,000
 

372,00O
 

28,000
 
Hm q m 1,200,000
 

212,290
 

106,917
 

25,e60
 

9,776
 

20,157
 
373,000
 

3,750#000
 

2,500,000
 
mmoiU
 



jmiBT ,, (CoNTD.) ESTIMATE OF COST 

LAND FACTO1Y BUIING -_D AWIG NO.LOTz'M 

Position Area 
in the in Cost 
Drawi.. SQ. ters. _._Rq Rs. 

1. iSilo Head Works. 	 2 435 130,500
 

2. 	Unloading Warehouse 27 1550 .232,500 

3. 	 Preparatory and 
3 963 192,600@Finishing Sootion 


963 192,600
64. 0'1i Mill Building 	 21 

5. 	Civil Works for Solvent
 

Extraotpn.Plant. 4 200 50,000
 

3034 606,800
6. 	 Meal Warehose 6 


15 300 60,000
7. 	Boiler House 


16 324 64,800
8, General Stores 


17 324 64,800
9. 	Workshop 


22 196 24,500
10. 	Cooling Pond 


.23 500 100,000
11. Office -Building 
12. Equipment Foundations 	 113,400
 

------- 1,832,500 

13. 	Land 26 Acres @ ?I5000/­

1309000
per 	acre. 


70,00014. Development, levelling, eto. 


92,500
15. Compound Wall, etc. 


16. Roads inside Faotory. 	 250,000 

17. Wells, Water Column.. 	 .100,000
 

.. 81.. etom Sewer. 	 25,000 
667,500 

TOTAL 1 2,500,000 

; '164 



EXHIBIT I J
 

LIST OF EQUIPMENT REC0MMENED 

FOR IMPORT. 

l. FORSBERG 4-Stage Cleaning Equipment i. $ 13,970 

2. 	ROSS Hydraulic Flaker 2 Noe. .. 35,610 

3. 	 CROWN Extractor 600 Tons/24 Hours .. 119,000 

4. 	 HOWE Bagging & Sewing Machine .a 4,309 

5. 	 Continuous Weighing Machine for
 
weighing beans issued to process
 
(firm Quote not yet received ­
approx.) 3,807
 

6. 	FORSBERG Pneumatic Scalper 
2000 Bushels per hour for 
Silo Section. • 1,354 

7. 	 CLIPPER Bean Drier 
1500 Bushels per hour *, 41,950 

* 220,000 

8. 	 Add Packing, Insuranoep 
Ocean Freight *. 20,000 

9. 	 Total approximate o.i.f. $ 240,000 

10. Total o.i.f. 	 .. Rs.l,800,000 
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TYPICAL LAYOUT - FACTORY SITE PLAN. 
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General Arrangenment 
Bean Reception, Handling and Storage 
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FLOWSHEET FOR 
CONTINUOUS 

SOYBEAN 
PREPARATION 
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FLOWSHEET FOR CONTINUOUS 
SOLVENT EXTRACTION PLAN 
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