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Fig.1 Effect of H,S0, loading on EL yield from cellulose
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Fig.2 Effect of reaction temperature on EL yield from cellulose
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Fig.4 Effect of substrate concentration on EL yield

from cellulose
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Table 1 Factors and levels of response surface methodology
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Table 2 Experiment design and results of response surface

methodology
s TEHE ROVGREE ROV JRYRKE  EL PR
% C min g/L %

1 0.1 180 150 35 10.18
2 1.0 180 150 35 55.54
3 0.1 210 150 35 42.86
4 1.0 210 150 35 38.52
5 0.5 195 60 20 43.69
6 0.5 195 240 20 60.97
7 0.5 195 60 50 30.79
8 0.5 195 240 50 36.75
9 0.1 195 150 20 28.82
10 1.0 195 150 20 58.68
11 0.1 195 150 50 20.15
12 1.0 195 150 50 46.78
13 0.5 180 60 35 45.28
14 0.5 210 60 35 37.79
15 0.5 180 240 35 27.08
16 0.5 210 240 35 67.63
17 0.1 195 60 35 15.72
18 1.0 195 60 35 47.22
19 0.1 195 240 35 23.44
20 1.0 195 240 35 49.66
21 0.5 180 150 20 50.77
22 0.5 210 150 20 53.11
23 0.5 180 150 50 34.32
24 0.5 210 150 50 56.76
25 0.5 195 150 35 46.78
26 0.5 195 150 35 44.97
27 0.5 195 150 35 43.17
28 0.5 195 150 35 42.70
29 0.5 195 150 35 46.30
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Table 3 Results of regression model variance analysis
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XX, 32.04 1 32.04 22 0.1604
X7 492.84 1 492.84 33.8 <0.0001
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X7 23.66 1 2366 1.62 02235

% 20413 14 14.58
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Fig.5 Response surface diagram of the interaction of factors affecting cellulose alcoholysis preparation EL
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Fig.6 GC-MS spectrum of Sulfuric acid—catalyzed cellulose alcoholysis products
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Table 4 Results of GC-MS analysis of sulfate—catalyzed cellulose products
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Fig.7 Sulfuric acid—catalyzed cellulose alcoholysis pathway
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Table 5 Comparison of literature on the preparation of levulinic acid esters by cellulose alcoholysis
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Preparation of ethyl levulinate from cellulose alcoholysis
catalyzed by extremely acid

Chen Yihang'?, Liang Xuanyu'?, Hao Jinbo'?, Zhao Haoran'?, Xu Guizhuan'~
(1.College of Mechanical and Electrical Engineering, Henan Agricultural University, Zhengzhou 450002, China;
2.Key Laboratory of New Materials and Facilities for Rural Renewable Energy, Ministry of Agriculture, Zhengzhou
450002, China)

Abstract; FEthyl levulinate (EL) is a highly promising biomass fuel and additive, and the
production of EL using yield-rich biomass is beneficial to the industrialized large—scale production
of EL. In this article, we studied the effects of sulfuric acid dosage, reaction time, reaction
temperature and substrate concentration on the yield of EL using ultra—low concentration sulfuric
acid catalyzed cellulose, and optimized the EL production process by using response surface Box—
Behnken model to study the effects of various factors on the yield of EL, and obtained the optimal
process conditions for EL production from ultra —low concentration sulfuric acid catalyzed
cellulose; sulfuric acid dosage 0.5%, reaction temperature 204 °C, reaction time 240 min, substrate
concentration 29 g/L. reaction, the actual average yield of EL was 66.70%, with a relative error of
3.25% from the theoretical prediction. GC—MS analyzed the distribution of alcoholysis products of
ultra —low concentration sulfuric acid —catalyzed cellulose under different reaction times, and
proposed possible reaction pathways, the results of which can provide reference and reference for
the alcoholysis conversion of cellulosic biomass.

Keywords: cellulose; extremely low acid; ethyl levulinate; response surface methodology;

alcoholysis

- 600 -





