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il 4tk AL SRS 250°C, a6 280 °C.
A AR 180°C, 4EHF 1 min J5, LL 0.8°C/min K%
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280°C. #HA WA, Wik 12.5 mL/min, 43k 1/25,
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R 1 BERTEERMAKTE
Table 1 Factors and levels of single factor experiments

Factor Level
Mole ratio of methanol to oil, A 10 20 30 40 50
Reaction pressure, B (MPa) 6 9 12 15 18
Agitation speed, C (r/min) 100 200 300 400 500
Reaction time, D (min) 3 6 9 12 15
Reaction temperature, E (C) 180 210 240 270 300
Water content, F (%) 0.1 2 4 6 8

Acid number (KOH), G (mg/g) 0.5 5 10 15 20

(2) IEATSE:

FEFPL IR 22 S O kit b, R EXE B AR B SRy
J 3 BEPEOmEE BRI R) K S ML BE A SEBR 3R, B
FEAZ 4% A LR AR b, TR L16(4%) IEAC S5, SEs A
AR I 2.

%2 EXREGRERAF
Table 2 Orthogonal experimental factors and levels

Factor Level
1 2 3 4
Mole ratio of methanol to oil, A 10 20 30 40
Reaction pressure, B (MPa) 6 9 12 15
Augitation speed, C (r/min) 100 200 300 400
Reaction time, D (min) 6 9 12 15
Reaction temperature, E ("C) 210 240 270 300
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Fig.1 Relationship between mole ratio of methanol
to oil and oil transesterification rate
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Fig.2 Relationship between reaction pressure and
oil transesterification rate
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Fig.3 Relationship between agitation speed and
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Fig.5 Relationship between reaction temperature and
oil transesterification rate

3.6 k4> X EE 3Tk I K B 520

TR B 7K R R AL BAE A Y I A AR A S e g TR
DRl 2. DRI UG£ 0 T ffe A v — M ZE SR i g & /K K T
0.5%. AWFFTAEREMEE /KL 30, MV ) 12 MPa., #ii
FERRAE 300 r/miny SAVINTE] 9 miny OB RS 240 'C 4%
PER, 5T whlRK oS BT AT B S B R S, 45 51
WL 6.

M 6 FTLLE Y, 7K o B font I S il o5 A 4 e
WLFEA W, e /K= 0.1%H %] 8%(w)
N, BEAZ R AU 93.95%FFKE] 93.51%. X2 K A
JE7E 200 °C LA_bn] DURGE R A 7K AR, TTKFE %41 X
AL FE RG], T AT AR K AR R ACHe S Y
AEGAE SR R IR REAT . DRI — 2 1R 75 7K R I S92 o
BB IAN S A B S R L,



o DRA S5 IR 25 b i i 46 2B ) S T 2 Ak 935

555
94.0
= n
% \l
©
s
S 93.5 - \l n
g
7]
Q
1]
c
o
'_
93.0 | . | . | . | . |
0 2 4 6 8

Water content (%, w)

K6 Ko & & SER AR KR
Fig.6 Relationship between water content and
oil transesterification rate

3.7 BR{EXEE X1/ B AN

T {11t A2 52 R e 172 1) 2% 2 A0 S e 1Y) i 2 PR 3R
L Gl A — SR M IR R (E(KOH) X T~ 1 mglg. A
WFFCERE M EE R LG 30 W& ) 12 MPa i 58 5 300
rimin, SNEFE] 9 min. AV 240 CAAE R, 5
T IR AN R AR BRACHe S M. (R 52, 25 R LI 7.

M7 T LU, BRI Sk il 4% A= 4 4 L
B R, T LR AS 45 e Bl A R AR 1 0 i 2 E T
e, M IEER{E A 0.5 mglg B hn5 20 mo/g I, BEAS #
KM 94.21%HE =5 95.27%. X7 T A 37 25 Hg
7 1 L it i B S v 1 R, 50— TRy HE A
UiE NI R AE 1% 45 AF AT LR B R 2 HY, BRI R AL
BN AT LU InAT ST, 4t W B IR R AE 240°C
N AT R B AT T LR R Ll AT e S N

AR L, BRI T2l 4 A SR 27 R

Uik =210

95.5

95.0 -

945 - .////

94.0 L 1 L 1 L 1 L 1

Transesterification rate (%)

Acid number (KOH) (mg/g)
K7 RRAE S MRS B 8 R

Fig.7 Relationship between acid number and
oil transesterification rate

3.8 EXKWHERR S
% 3 Wz, BEAMEE KRG, RVE ).

TEFE O PEE SN R) K% s 3L BE o IR 3 AR 22 40 3l g 0.77,
4.21,3.08,3.53, 6.67. [Aitt, 7Emik e fses oy,
K2 T 4 E>B>D>C>A. BEHUR K4 A& 1 JR
MG FER BRI, HRFETLGS TS
FRA S HLAR S AR, MR DL E St 45 1 % e & Fh
LA EE, 19 H I 2 R I Sk 2% A= P S i) d
T 240 BERMEEREL 30, M) 12 MPa, fi
FERRRE 300 r/min, JCWF(E] 9 min, OMVIEREE 300°C. £
IEAAE T, ERACH N 3 1K, BEACHe A nlik 97.62%.
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Table 3 The results of orthogonal experiments

No Mole ratio of Reaction pressure, Agitation speed, Reaction time, D Reaction temperature, Transesterification
) methanol to oil, A B (MPa) C (r/min) (min) E(C) rate (%)
1 1 1 1 1 1 83.38
2 1 2 2 2 2 94.67
3 1 3 3 3 3 95.74
4 1 4 4 4 4 98.22
5 2 1 2 3 4 91.61
6 2 2 1 4 3 91.43
7 2 3 4 1 2 93.39
8 2 4 3 2 1 92.80
9 3 1 3 4 2 93.33
10 3 2 4 3 1 85.68
11 3 3 1 2 4 97.20
12 3 4 2 1 3 96.12
13 4 1 4 2 3 93.87
14 4 2 3 1 4 93.83
15 4 3 2 4 1 92.33
16 4 4 1 3 2 91.39
Ky 372.01 361.83 363.40 366.72 354.19
Ks 369.23 365.61 374.73 378.54 372.78
Ks 372.33 378.66 375.70 364.42 377.16
Ky 371.42 378.53 371.16 375.31 380.86
ky 93.00 90.46 90.85 91.68 88.55
ka 92.31 91.40 93.68 94.64 93.20
ks 93.08 94.67 93.93 91.11 94.29
Kq 92.86 94.63 92.79 93.83 95.22
R 0.77 4.21 3.08 3.53 6.67
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Optimization of Technological Conditions in Synthesis of Biodiesel from
Kosteletzkya virginica Oil with Supercritical Methanol

YANG Qing-li**%, YU Shan-lin®, QIN Song*

(1. Institute of Oceanology, Chinese Academy of Sciences, Qingdao, Shandong 266071, China;
2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China;
3. Chinese National Peanut Engineering Research Center, Qingdao, Shandong 266100, China)

Abstract: Supercritical methanol transesterification technology was used to produce biodiesel from Kosteletzkya virginica oil as raw
material. The single factor and orthogonal experiments were adopted to study the effects of molar ratio of methanol to Kosteletzkya
virginica oil, reaction pressure, agitation speed, reaction time, reaction temperature, water content and acid number on oil
transesterification rate. The results indicated that the order of influential factors on the oil transesterification rate within the experimental
range was obtained as follows: reaction temperature>reaction pressure>reaction time>agitation speed>molar ratio of methanol to
Kosteletzkya virginica oil. The optimal technological parameters of oil transesterification from Kosteletzkya virginica oil were
determined as follows: reaction temperature 300 ‘C, reaction pressure 12 MPa, reaction time 9 min, agitation speed 300 r/min and molar
ratio of methanol to Kosteletzkya virginica oil 30, and under such conditions, the total oil transesterification rate after transesterification
in three times was obtained as 97.62%.

Key words: Kosteletzkya virginica oil; biodiesel; supercritical methanol; transesterification rate; orthogonal experiment



