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ABSTRACT

Rapeseed is one the major feed stocks for biodiesel with great potential. The
feasibility and efficiency of counter-current rapeseed oil extraction systems with
hexane and ethanol as solvents were studied. A mathematical model for multi-stage
counter-current extraction was developed and verified in this research. Six-stage
counter-current extraction experiments were carried with two different solvens to
raffinate ratio (E/R) i.e. E/R=4, 8. A better result was found with E/R=4, that gave
90% in oil recovery and 8 9% (w/w) oil concentration in extract. Counter-current
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ethanol-rapeseed oil extraction with various stages and E/R ratios were simulated.
A nine-stage extraction with E/R=20 shown that the oil concentration in ethanol was
15 1.6% (w/w) and oil recovery was 87%. Although in-situ extraction-
transesterification might be considered for the ethanol - rapeseed oil system in
literatures, but low oil concentration in extract might obstruct the idea to be practical

in industrial application.
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2005)
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1996; Thobani and Diosady, 1997 a, b)

(Ozgul and Turkay, 1993; Kildiran et al.1996;
Siler-Marinkovic and Tomasevic, 1998; Haas et al.
2004; Ozgul and Yucel, 2003)
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Fig.1 Flow diagram for a six stage mixer-settler counter-current batch extraction process
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Fig.3 Notations for concentration of extract and raffinate in each stage of a multi-stage

counter-current batch extraction
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Table 1 Comparison between experimental results and theoretical predictions for
a 6-stage counter-current rapeseeds n-hexane extraction process with
liquid/solid ratio E/R=4

TR 5 3 FHEREE Ry
Run Average + St. Div. Theoretical Values
X Bk B Concentration in Extract
#—4
li St;c;(e 6.65% 6.43% 6.31% 6.5+0.2% 8.0%
B =8 4.57% 4.28% 4.33% 4.4+ 0.2% 6.4%
znd Stage . 0 . 0 . ('] B . 0 B 0
Eﬁ =8 0 ) 0 o 0
3rd Stage 2.89% 2.30% 3.24% 2.8.£0.5% 4.9%
£y
4i StaZ:e 2.06% 1.64% 2.52% 2.1+0.4% 3.6%
-
it 1.25% 1.04% 1.57% 1.3+£0.3% 2.3%
5th Stage
B 0.67% 0.66% 0.83% 0.7 +0.1% 1.1%
6th Stage . 0 . o . [v] . . 0o . 0
7% 98 & Concentration in Raffinate
B —4
li Stzllée 27.70%  27.40% 28.05% 27.7+0.3% 29.6%
B = 20.98%  19.46%  23.70% 21.4+2.2% 23.8%
2nd Stage . () . () . () . L7 .0/
#za 17.66%  16.84%  20.84% 18.5+2.1% 18.3%
3rd Stage . o . () . () . A% 27
—
43;1 V;i:e 1440%  14.45%  17.02% 153 = 1.5% 13.2%
Y
5?1 ?tééﬁ: 12.10%  12.93%  14.05% 13.0+ 1.0% 8.5%
BN
Fos 9.40% 10.28%  10.75% 10.1 +1.0% 4.1%

6th Stage




20 15 4 2006 12

2 E/R=8

Table 2 Comparison between experimental results and theoretical predictions for
a 6-stage counter-current rapeseeds n-hexane extraction process with
liquid/solid ratio E/R=8

[T ; . THELREZ T
Run Average + St. Div.  Theoretical Values
¥ BURE B Concentration in Extract
% —Y
li Stsée 3.86% 3.69% 3.74% 3.8+0.1% 4.5%
a‘g;‘é& 0 0 0 0 0
2nd Stage 1.52% 1.58% 1.66% 1.6 0 .1% 2.1%
%E“?& 0 o, ) 0 o
0.58% 0.54% 0.68% 0.6+0.1% 1.0%
3rd Stage
F 4
4i Staﬁe 0.25% 0.23% 0.35% 03x0.1% 0.4%
e
) . (3 . () E o 1 £0. () 2%
Si‘;aﬁe 0.10% 0.10% 0.12% 0.1 £0.01% 0.2%
F N4
6?}%1 Staﬁe 0.03% 0.03% 0.03% 0.03 + 0.00% 0.05%
7% % B % Concentration in Raffinate
£
) . 0 . () . ) H6+1.1% 9%
liStage 17.26% 19.11% 19.35% 18.6 + 1.1% 16.9%
F = 9.80% 10.78% 11.50% 10.7 + 1.0% 7.9%
2nd Stage -OV/0 /870 SU% . 0% 9%
;ﬁf_?& 0 [ 0 0 o
7.15% 8.32% 8.82% 8.1+ 1.0% 3.6%
3rd Stage
F IR ) . . . ,
4th Stage 5.93% 7.25% 7.02% 6.7+0.7% 1.6%
R4
Si Stzgge 5.39% 6.68% 6.30% 6.1 +0.7% 0.6%
Foa 5.13% 6.47% 6.05% 5.9+ 0.7% 0.2%
6th Stage 1070 A7 Uo7 . T% 2%
6.5%
8% 1.5%
10.1% 4.1% 6.1% Biot
2% 88% 16% Biot
28% 11%
17% E/R=8 (13) n
3.8% n=0.85 (13)
4.5% 0.7% 5.1%
0.2% 4.9% 10 E/R=4
84% 99% 15%
16% 0.5% 15.5% 6.8% 6.5%
0.3%

8.8% 10.1% 1.3%
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