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1-
 lb/tonProcessing step

90Seed preparation-preheating (20-60°C)

20Extractor heating 

80Desolentizer-toaster (75°C dome-vapor-temperature)

50Distillation

80 to160Meal drying according to various systems 

30 to 60Hexane recovery according to various systems

20 to 50Estimate of losses by radiation (varies with plant size)

570-710aTotal

Electric energy consumption b: 

 26-32KWh/metric ton of processed seed
a :

.
b : :

.

2-
 Trillion Btu/Yr

Processing steps Cotton Soy Vegetable Shortening Total

Seed preparation 0.6 4.2 0.3 1.9 7.0

Extractor heating 0.1 0.9 0.1 0.4 1.5

Desolventizer-toaster 1.8 13.3 0.8 5.9 21.8

Distillation 0.3 2.4 0.1 1.1 3.9

Meal drying 0.8 5.7 0.3 2.6 9.4

Hexane recovery 0.3 2.1 0.1 0.9 3.4

Radiation losses 0.2 30.2 1.8 13.5 45.7
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60 % .

)3 (
3/163(Koseoglu , 1990).
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4-

losses ($)oil losses (lbs)Processing

Conventional processing

13,611,33045,371,100 Bleaching 

163,335,995544,453,200 Caustic refining

176,947,290583,824,300 Total

Membrane processing and

Physical refining

6,805,65522,865,550 Bleaching

98,001,576217,781,280 Physical refining

104,807,241240,466,830 Total 

 .
75/0 % .

4/0
6/13

 ..

 .
UF) (

(FFA) .
 .

:

 .
 .
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:
22 %

28-85 %
62%

63%
60%

28 % .25-35 %
1521.

)4 ( .
 .21 %

(Koseoglu, 1987).
1977 .Sen.-Gupta

1986UFPL .
PLPL .

TGFFA. PL TG

) Da900-700( .PL

) () (
(reverse micelles)

 . Da20000
TGUF .

18200 kDa500.

UFTGPL .

 .PL10mg/l50
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 .
(v/v)30 %kg/m2h12.

4-a

Expected energy

Savings (106) kcal

% of total

Consumption

Thermal
consumption

 (106) kcal

Processing section

224.02.962,241.6Oil storage b

5,122.313.5210,244.5Refing and bleaching c

-4.463,382.8Hydrogenation 1

-0.63476.2Hydrogenation 2

-22.3416,929.0Deodorization semi

-41.3031,286.8Deodorization batch

10,524.513.8910,524.5
Soapstock, glycerin and 

shapeless d

-0.9678.1Packaging

15,870.8100.075,763.5Total consumption

a : )100899(
b :10 %

.
c : :

 . .
.

d :.

 .)(
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 .PL

)- (
 .TG FFA

 .PL .
PAN PA Ps PVDS PI .

)DF (
) (.

UFTG

PAN PA Ps PVDSPI

 .
.)- (UF

.mg/l300mg/l50
 mg/l5/0 .

(Snape & Nakajiama, 1996 ).

Iwama1987-1986
 .UFPI(MWCO 20kDa, NTU 4200) 

)Denko, Japan (1980 .
(Miki , 1988) .

C°50Mpa4/080–

6 l/m2h60 .Iwama97 %
40 .

.
KoseogluUF

95 %PL .
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 .
105417UF5 ) m2

1400(104625
(Iwama, 1986).

UF

 .Sun & Koseoglu1994UF

1/9870 %PL .
25 %c°404) psi60 (

LMH95 .
 c°69

40 C�50 .
.

2505UF

 m216101029 mg/l50-10
25PL .Suzuki1992UF

 .PL

-PVDF

98 %PL(Mattea et al ,2001).
1

FFATG .

FFA .)(
FFA .

1. Deacidification and neutrization 
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1-85 %
2-63 %
3-62 %
4-60 %
5-28 %
6-22 %
7-7 %
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 .
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1522(Koseoglu,1991).
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TG PAN30
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 . .
PANMWCO 30000Da

 . .
.

Hydrophilic 
Membrane

Triglycerides
(FFA-free oil)

Soap (Na-FFA)
Water

IPA

Hydrophobic
Membrane

Crude oil
(FFA+TG)

Water
NaoH

IPA

2 -
PL)(

 .PL)
( FFA .-

 .6 %FFA

PM 10PL

FFAFFA

 .90 %FFA.
FFA .

FFA .MWCO5000
 .

.
 FFA .

.NF
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FFA(Ramman, 1996) .
 .

 .
.

 .
 IPA  .

3:5:6:1 .
 .20 %

.20-65 %
 .65 %.

5-

1

 .

.

1. Bleaching 
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)3070 % .(
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 . .

.1

 .
 .

250
730000.(Ramman 1994).

 .

.

Koseoglu)1990 (15UF

 .
ml40025 %- .5

 .ß–

 .
 .3/82-7/70 %

PL

 .FFA

FFA2 FFA

.

1. Sticky 
2. Rejection  
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.
Koseoglu&Enelgau)1990()µ2/0 (

 .

.
Diosady)1992(

90 %.
Reddy)1996 (ß–

ml 200
 .MFPE (T 920 15-1) µ

03/01PI)NTGS 2100 NTGS 1100 ( .PE

)4%<(NTGS 210095 % .
)kg/m2h 2/0-1 .(/200

)50 (%70 %.
Kuk)1989 (Hron)1994 (RO/NFPAMacon

1kDa95 % .-40Y ,4.5R

1Y,0.2R.
2

 .
 .

TG

.
.

1. Composite   
2. Dewaxing  
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MFµm1-05/0 .

 .
10c°20 .

 .
ppm2600 c°5PE µm

12/0bar2 c°10LMH10.
 ppm30

.1

(Mutoh et al.1996) .
membralox µm5/0ppm900

ppm10(Muralidhara et al. 1996) . c°18 LMH42
35 .
 .

MF.
MF m23/6µm2/0

)3 .(1063 kg )mg/l700 ( c°10-5
 kg993)mg/l20 (. kg70

kg63 kg7
)10 (% .

5060 .
 .5

20
)°c80 ( .

 Mpa3/0l/min8/2-5/0)l/m2h27-8/4 ( .
6-Ashahai

 ..
1. Back flash/Backwash   
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PLFFA .
PLFFA .UF

PEIkDa MWCO 20 MF  .
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) (. (Gould, 1996)
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.
 TG  c

°200-120 .
1. Removal of metals  
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.
..

µ2/0-1/0
mg/l10-1(Koseoglu & Vara, 1994) .3

µ5/0-2/0µ14/0-8/0
(PEI).

.82100 %
 mg/l4/9-9/0. l/m2h5/42-5/8PEI

)l/m2h113 ( .
100

 .
) (.Stanford)1994.(

) m277/0 (
)Keurentjes1990 .(
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