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Fig. 1 Experimental set-up for catalysts activity test

1-N,; 2, 3-valve; 4-pressure gauge; S-flowmeter; 6, 7-preheater; 8-reactor; 9-condenser; 10-gas liquid separator; 11-circulat-

ing condenser at constant temperature ; 12-ethanol tank ; 13-metering pump; 14-tee; 15-six-port valve; 16-thermocouple; 17-gas

chromatography of Agilent 1790; 18-gas chromatography of Agilent 7890; 19 | 20-data acquisition system
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Fig. 2 Ethanol conversion over different zeolites
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Fig. 3 Ethylene selectivity over different zeolites
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Fig. 4 Transmission electron micrographs of Ni-Z-0.12%
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Fig. 5 Py-TPD profiles of HZSM-5, Fe-Z-0.24% ,
Co-Z-0.17% and Ni-Z-0.12%
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Table 1 Surface acidity of different zeolite samples

Catalysts Total acidic sites Weak acidic sites Strong acidic sites

HZSM-5 1.00 0.36 0.64
Fe-7-0.24% 1.16 0.39 0.77
Co-2-0.17% 0.60 0.31 0.29
Ni-Z-0.12% 0.93 0.46 0.47
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Fig. 6 XRD patterns of different zeolite samples before or after reaction

a. fresh catalysts; b. catalysts used for reaction

R2 RMEIRES FRHERNILENSH

Table 2 Texture characteristics of different zeolite samples before and after reaction

Fresh catalysts

Catalysts used for reaction

Catalysts

SBET<mZ/g)a Vp(cmS/g)h W, (nm)°

SBET(m2/g) VI’(CmS/g)

W, (nm)

HZSM-5 314 0.11 0.592
Fe-72-0.24% 338 0.12 0.590
Co-2-0.17% 303 0.11 0.590
Ni-Z0.12% 347 0.12 0.587

302 0.10
292 0.10
286 0.11
334 0.11

0.590
0.585
0.587
0.586

a: The BET surface area, b: The micro pore volume, c¢: The micro pore width
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Fig.7 TPO profiles of Fe-Z-0.24% and Ni-Z-0.12% after
reaction (m/e =44), a. Fe-Z-0.24% ; b. Ni-Z-0.12%
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2.3.1 JREEXT Ni-Z-0. 12% I 2, FEE I3 7K 5% 1] 2l
Ni-Z-0.12% Jffb i), Fiktasdih 2 h™' | Lk
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TR A T v I K A ) 205 75 ) O M TR B I 1
AR CA RS R, RO ERET R
TESUV R SN 260 °C BF Ni-Z-0. 12% By 48 4k 7 RE
U, CEER AL ERGE 99. 3% , LMk
97.7%.

%3 AEEET Ni-Z0.12% =95 %

Table 3 Product distribution at different temperatures over Ni-Z-0. 12%

Temperature Ethanol Ethylene Content of byproducts (wt% )
(C) Conversion (% )  selectivity (% ) Ether Acetaldehyde ~ Ethane C4 Olefins Others
200 79.7 75.4 2.4 0.3 - 0.8 15.6
230 86.6 87.4 0.8 0.1 1.0 3.3 5.6
260 99.3 97.7 - - 0.1 1.3 1.0
290 99.8 83.5 - 0.1 0.4 14.5 1.5
320 99.9 16. 1 - 0.1 1.4 1.5 45.1
Note: WHSV: 2 h™", ethanol concentration: 50% , “—"means the product was not detected
2.3.2 WX Ni-Z-0. 12% FZBmiAksem  LL Y BRI AW 2 WY I R R RS 1 )

Ni-Z-0. 12% AL, R 260 C | i =5
2h AR, BER T SR X & B AL B K
il LI, AFK 4 ATLUR Y SRR R T
50% Ji , Wi CEEIE TR, SRERIHALR ML
W PEE V] RS, AT REJE i TR R, LB
JEOREHR B K REAB A S B A o ] BETE U S0 3R &
Yk, AR SLIESE 8, AR T S ) A
Yoy i, DA 8 & T B9 B A 3R 2 0 B0 30 4%

Sy EIa (EZUEN T B 5 R B B A 1) ] 4 2
7)) LA FRA SRR 40% ~60% , i FHAARFR A3 %L
50% [1) LN S AR

2.3.3 Ji R as N £ B K B R 2L Ni-Z-
0. 12% Jp AL, AL 260 °C | LR FE 50% 11 4%
PER, 28T R 2 dxt £ B AL K i 20 B 5%
M. 5 o LAIE HAE 1 ~3 h™' S5 [ P B 2 4 o Y
BR, CEEM AR AR AR B, 206 1 e

F 4 FEZERET Ni-Z0.12% L7057

Table 4 Product distribution at different ethanol concentrations over Ni-Z-0. 12%

Ethanol Ethanol Ethylene Content of byproducts (wt/% )
concentration (% ) Conversion (% ) selectivity (% ) Ether Acetaldehyde  Ethane C4 Olefins Others
10 99.8 97.4 - - - 1.5 1.1
30 98.2 95.7 - - 0.4 2.1 1.8
50 99.3 97.7 - - 0.1 1.3 1.0
70 89.8 91.5 0.2 0.1 0.1 2.4 4.8
90 63.4 62.0 4.4 0.2 0.2 0.9 17.7

Note: Temperature; 260 °C, WHSV: 2 h™', «

—" means the product was not detected
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Table 5 Product distribution at different WHSV over Ni-Z-0. 12%
Ethanol Ethylene Content of byproducts (wt% )
WHSV (h™") . .
Conversion (% )  selectivity (% ) Ether Acetaldehyde ~ Ethane C4 Olefins Others
1.0 97.6 86.0 0.1 0.1 - 3.5 9.9
1.5 99.1 94.2 0.1 - 0.4 2.4 3.3
2.0 99.3 97.7 - - 0.1 1.3 1.0
2.5 99.7 92.4 - - - 3.5 0.9
3.0 99.9 92.9 - - - 3.5 3.5

Note : Temperature; 260 °C, ethanol concentration; 50% ,
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Ethylene Production by Catalytic Dehydration of
Ethanol over Modified HZSM-S Zeolites

SHEN De-jian, LIU Zong-zhang, ZHANG Min-hua
(1. R&D Center for Petrochemical Technology, Tianjin University, Tianjin 300072, China;
2. Key Laboratory for Green Chemical Technology of Ministry of Education, Tianjin University,
Tianjin 300072, China)

Abstract; The catalytic dehydration of ethanol to ethylene was studied over Fe, Co, Ni ion exchange modified

HZSM-5 catalysts. The reaction was carried out in a continuous flow fixed-bed reactor. Results showed that the

catalyst modified by Ni exhibited the best conversion and selectivity at low temperature. The catalysts were charac-

terized by transmission electron microscopy (TEM), X-ray diffraction (XRD), pyridine temperature programmed

desorption (Py-TPD), N, adsorption-desorption and temperature programmed oxidation (TPO). Characterization

revealed that the improved catalytic performance of Ni modified HZSM-5 could be attributed to the harmonious acid

sites. The effects of operation parameters on dehydration of ethanol to ethylene over Ni modified HZSM-5 were also

investigated.
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