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Fig. 1 Synthesis of the triethylamine-based
diacid ionic liquid
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Table 1  Acidities of various catalysts

pH

FEAL R
w=1% w=2% w=3% w=4% w=5%

[HO,SC,NEt; 1C1-ZnCl,  2.54 2.26 2.07 1.81 1.68
[HO,SC;NE;; JCL-AICL,  2.36  2.04 1.87 1.67 1.48
[HO,SC;NEG; JCl-FeCl; 2,31 2,03  1.88 1.73 1.46
[HO;SC;NE;; JC1-CuCl, 2,32 1.98  1.82 1.68 1.59

H,S0, 0.98 0.73 0.63 0.54 0.42
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Table 2  Corrosion of Austenitic stainless steel 316 after

immersion in different catalysts

FEALF JE A/ (gem 2 h ™)
[ HO,SC, NEt, ] C1-ZnCl, 5.47
[ HO,SC, NEt, ] CI-AICI, 8. 64
[ HO,SC; NEt, ] Cl-FeCl, 50. 42
[ HO,SC; NEt; ] C1-CuCl, 40. 38
H,S0, 19.26
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Table 3 Effect of different catalysts on esterification

FEAL W/ %
[ HO,SC, NEt, ] C1-ZnCl, 97.46
[ HO,SC, NEt, ] Cl-AlCI, 95.97
[ HO,SC, NEt, ] Cl-FeCl, 93.58
[ HO,SC, NEt, ] C1-CuCl, 94.32

H,S0, 96. 13
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Fig.4  Effect of molar ratio of alcohol to acid on the

esterification reaction
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Fig.5 Effect of catalyst dosage on the
esterification reaction
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Fig.7 Effect of reaction time on the esterification reaction
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Table 4 Variables and levels in the Box-Behnken

experimental design

6 Nl 7 22 0B
Table 6  Analysis of variance for the regression

equation employed

Hifid K-
5k
-1 0 1
SR A/C 80 90 100
SV E] B/h 2 3 4
PR L C 8 9 10
B TR D/ % 5 6 7

5 g SR 5 58 A
Table 5 Box-Behnken experimental design matrix and

corresponding results

——
g P R e BORE g
WREE/C I/ M/ %
1 90 4 8 6 95.15
2 90 3 9 6 96. 48
3 90 4 10 6 97. 14
4 90 3 8 5 92.15
5 100 3 10 6 98.24
6 80 3 8 6 89. 35
7 90 3 9 6 95. 69
8 90 3 9 6 95. 69
9 100 3 9 7 97.67
10 90 2 9 7 94. 05
11 90 3 10 7 96. 89
12 100 3 8 6 95.37
13 80 3 10 6 91.56
14 100 2 9 6 96. 16
15 90 2 9 5 93.08
16 80 4 9 6 92. 11
17 90 4 9 5 96. 07
18 80 3 9 7 92.72
19 90 2 10 6 95. 14
20 90 3 9 6 95.52
21 80 2 9 6 88.93
22 100 3 9 5 97. 45
23 80 3 9 5 89.91
24 100 4 9 6 98.33
25 90 2 8 6 90. 79
26 90 3 10 5 96. 38
27 90 3 8 7 93.57
28 90 4 9 7 97.07
29 90 4 9 6 95. 65
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Fig.8 3D surface plots showing the interaction effect of two factors
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Synthesis of oleate esters catalyzed by a triethylamine-based

diacid ionic liquid

JIA QiaoHuan'

GUO XiaoFeng'

LIU Ran**

CAO DaPeng'

(1. College of Chemical Engineering, Beijing University of Chemical Technology, Beijing 100029 ;

2. College of Chemical and Pharmaceutical Engineering, Hebei University of Science and Technology, Shijiazhuang 050000, China)

Abstract; Triethylamine-based diacid ionic liquids have been synthesized, characterized and used as catalysts for

the production of methyl oleate. The ionic liquid [ HO,SC;NEL, ] Cl-ZnCl, exhibited the highest activity in the catal-

ysis of methyl oleate formation. The optimized conditions were obtained by using a single factor optimization method

and response surface methodology. The results showed that the optimized reaction conditions were molar ratio n( o-

leic acid): n(alcohol) =9.96: 1, catalyst dosage 5. 13% ( based on oleic acid) , reaction temperature 100 °C , and
reaction time 3. 6 h. The predicted yield of methyl oleate reached 98. 95% , and the actual yield reached 98. 58% .
The ionic liquid [ HO,SC,NEt, ] C1-ZnCl, remained highly active after being reused six times.

Key words: methyl oleate; triethylamine-based diacid ionic liquid; catalytic esterification; response surface



