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Optimization of ethylene production from ethanol
dehydration using Zn-Mn-Co/HZSM-5 by response
surface methodology
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Abstract: The effects of reaction temperature, ethanol concentration and weight hourly space velocity (WHSV) on the ethylene
production from ethanol dehydration using zinc, manganese and cobalt modified HZSM-5 catalyst were investigated by response
surface methodology (RSM). The results showed that the most significant effect among factors was reaction temperature and the
factors had interaction. The optimum conditions were found as 34.4% ethanol concentration, 261.3 °C of reaction temperature and
1.18 h™' of WHSV, under these conditions the yield of ethylene achieved 98.69%.
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Table 1 Factors and levels of response surface design
Infaeﬁzgﬁ;m Code — Facto(r) level 1
Concentration (%) A 10 52.5 95
Temperature (°C) B 200 250 300
WHSV (h™") C 0.5 2.0 3.5

WHSV: weight hourly space velocity.
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Table 2 Experimental design of Box-Behneken design and
corresponding results

Independent variables .
Run Yield (%)
A B C
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0 -1 91.36
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Fig. 1 Surface layer and contour plots of the mutual-affection of temperature and concentration on ethylene yield.
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Fig. 2 Surface layer and contour plots of the mutual-affection of temperature and WHSV on ethylene yield.
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Fig. 3 Surface layer and contour plots of the mutual-affection of concentration and WHSV on ethylene yield.
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Table 3 ANOVA of quadratic polynomial model

Sum of ¢ Mean

Source square square Fvalue P value
Model 18584.61 9 2064.96 10.58  0.0026
Residual 1366.69 7 195.24
Lack of fit  1326.90 3 454.30 480.17 <0.0001
Pure error 3.78 4 0.95
R>=0.9315 R,q=0.8434 Adeq precision=9.641

x4 EAFERHEBEMHRER

Table 4 Significance test of regression cofficient

Sum of  Mean Fvalue P value
square  square

Parameter Estimate df

A —2.44 1 47.73 47.73  0.24 0.6361
B 16.04 1 2058.89 2058.89 10.55 0.0141
C —8.98 1 645.48 64548 3.31 0.1119
AB —22.07 1 1948.34 1948.34 998 0.0160
AC 26.96 1 2906.29 2906.29 14.89 0.0062
BC 31.55 1 3980.35 3980.35 20.39 0.0027
A —22.76 1 2181.22 2181.22 11.17 0.0124
B? -31.14 1 4081.77 4081.77 20.91 0.0026
c —6.75 1 191.87 191.87 098 0.3545
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