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Optimal Synthesis of Soybean Oil Methyl Ester by Response Surface Methodology

CAO Xiu-li, WANG Sai-dan, LI Xiao, JIANG Zhen-xi, REN Bao-zeng
(School of Chemical Engineering and Energy, Zhengzhou University, Zhengzhou 450001, China)

Abstract: The systhesis of soybean oil methyl ester, from soybean oil and methanol with KOH as catalyst, was optimized by
response surface methodology(RSM). Based on the single-factor testing results, methanol to oil molar ratio, catalyst amount,
reaction temperature, reaction time were optimized by RSM using methyl ester yield as the response variable. The results indi-
cated that the optimum condition that provided the highest yield were determined as follows; Methanol to oil molar 5.5:1, cat-
alyst amount 1.08% , reaction temperature 61.6°C , and reaction time 60 min. Under these conditions, the yield of methyl es-
ters was 94.02% , consisted with the predicted value. Some of the properties of soybean oil methyl ester were close to mineral
oil, which had great potential to produce environmentally and friendly soybean oil ink with some or all of the mineral oil.
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Fig. 1 Analysis of soybean oil by IR
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Fig.2 Analysis of soybean oil methyl ester by IR
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Table 1 Variables and levels used in Box-Benhnken design
15 7K Level

Factor -1 0 1

A TR EE /R . Methanol to oil molar ratio 5:1 6:1 7:1

B {#4k3 F 4 Catalyst amount/ % 0.9 1.1 1.3

C JZ R iR J&F Reaction temperature/ °C 55 65 75

D J% v Bf[E] Reaction time/min 50 60 70
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Table 2 Central composite design and results of response surface

s R AR R B R Rl s
5
Exp. No. Methanol to oil Catalyst Reaction Reaction Methyl ester
molar ratio mount/ % temperature/ C time/min yield/ %
! 0 0 0 0 93.67
2 : 0 I 0 87.79
3 0 0 1 -1 85. 64
N 0 1 0 -1 80.24
> 0 0 0 0 93.81
6 0 1 1 0 83.67
! -1 0 1 0 90.87
8 -1 0 -1 0 92.58
o 0 -1 0 1 79.89
10 ! 0 0 1 82.29
1 0 0 1 1 88. 06
12 ! ! 0 0 82.75
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Exp. No. Methanol to oil Catalyst Reaction Reaction Methyl ester
molar ratio mount/ % temperature/ °C time/min yield/ %
13 1 0 0 -1 85.57
14 0 -1 1 0 85.46
15 -1 0 0 -1 87.11
16 0 1 0 1 80.79
17 0 0 -1 -1 88.61
18 0 1 -1 0 85.60
19 1 0 -1 0 87.36
20 0 0 0 0 92.72
21 0 -1 -1 0 86.34
22 -1 0 0 1 88.49
23 0 0 -1 1 87.63
24 0 0 0 0 93.62
25 0 -1 0 -1 83.34
26 -1 1 0 0 85.13
27 0 0 0 0 93.48
28 -1 -1 0 0 89.23
29 1 -1 0 0 81.72
*3 ERAFEFESNFR
Table 3 Analysis of variance for quadratic regression model
pEES IR f st 157 . . B
Source Sum of squares DF Mean square Significant
FiHY Model 500. 46 14 35.75 74.75 <0.0001 *x
A 56.03 1 56.03 117.16 <0.0001 o
B 5.07 1 5.07 10.6 0.0057 e
C 3.66 1 3.66 7.66 0.0151 *
D 0.94 1 0.94 1.97 0.1825
AB 6.58 1 6.558 13.76 0.0023 o
AC 1.14 1 1.14 2.39 0. 1441
AD 5.43 1 5.43 11.35 0.0046 o
BC 0.28 1 0.28 0.58 0.4603
BD 4.00 1 4.00 8.36 0.0118 *
CD 2.89 1 2.89 6.04 0.0276 *
A? 34.08 1 34.08 71.26 <0.0001 o
B2 307.33 1 307.33 642.63 <0.0001 o
c? 9.37 1 9.37 19. 60 0.0006 o
D? 175.11 1 175.11 366. 16 <0.0001 o
% 7% Residual 6.70 14 0.48
ST Lack of fit 5.96 10 0.60 3.22 0.1356
7l Pure error 0.74 4 0.19
JE B 7% Cor Total 507.16 28

A MR IR LG 5 B AL TR 5 C o ROWIRUBE s D SOV, ™ " SR 27K (P <0.01) 5 * FoR B (P <0.05)
A : Methanol to oil molar ratio; B:Catalyst mount/% ; C:Reaction temperature; D :Reaction time. ** means significance at 1% level; * means sig-

nificance at 5% level.
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Fig.7 The interactive effect of response surface plot and contour plot on methyl esters yield
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