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Fig.1 XRD patterns of the samples Fig.2 ¥ Al MAS NMR spectra of ZSM-5 with
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Table 1 Textual properties of various HZSM-5 supported Ga,O, catalysts

Molar rati Surface Pore Mesoporous Molar rati Surface Pore Mesoporous
Catalyst y dr_ ratio area/ volume/ volume/ Catalyst ° dr_ ratio area/ volume/ volume/
of Si/Al of Si/Al ,
(m* - g7 (em’ - g7") (em’ - g7") (m* - g™") (em’ - g7") (em’ - g7")
Ga, 0;/HZ(13) 13 440 0.176 0.035 ||Ga,0;/HZ(150) 163 512 0.196 0.021
Ga,0,/HZ(25) 25 400 0.170 0.046  ||Gay03/HZ(200) 201 527 0.193 0.020
Ga,0,/HZ(80) 81 521 0.199 0.029 ||Gay05/HZ(250) 250 469 0.216 0.060
I Ga, O, ALK BIRRYE M NH,-TPD JU5E , 45205 T3 2. BEH SR L s, AT
SR RIS R R B[R] sl /L. o2 ol T REE B 2R BRI A, — 5 T AR AR B RO RR VR S Ab, 55— Thi 8%

K5 Ga,0, Z B HAHEAE PSS (15 4001 Ga, O, MEALFIERMEARSS. X ML Y S5 PN AR 2L 8 A2
e —2y .

Table 2 NH,-TPD and cumene-cracking data of various HZSM-5 supported Ga,O, catalysts

Peak temperature/C Amount of desorbed NH;/(mmol - g 1)

Catalyst I 1 I (120350 C) 11 (350—600 <C ) Total Cumene conversion (% )
Ga,05/HZ(13) 246 441 0.64 0.85 1.49 51.6
Ga, 05/HZ(25) 243 440 0.38 0.45 0.83 40.0
Ga, 0;/HZ(80) 252 446 0.05 0.35 0.40 26.3
Ga, 05/HZ(150) 275 446 0.03 0.28 0.31 17.9
Ga, 05/HZ(200) — 436 0.21 0.21 14.1
Ga, 05/HZ(250) — 425 0.10 0.10 8.0

ANERERR HE HZSM-S #0011 Ga, O, AL T TN BEME SR N 7F 600 °C AT, HEER L3 3 FIKI3.
B3 (A) T I, XEFRTA AR, TNBEE (AR Rl SO0 R B T R R, 50 h R EEAS R RIS, MG
BAREERR LI R, INBERIRI IR TG AL 30 A0 BRAIK, 1T 2 AL 23R I 2 B 7 e i) B T o8 1) ok 3 P I AR 1
ot I v 2 A e 4 L R SRS T AR BRI ER T 1 , AR T AR B AR e . I AR A R B

Table 3 Reaction data and coke deposition of various HZSM-5 supported Ga,O, catalysts*

Catal C ion(% ) Selectivity ( % ) Yield of Coke(% )
atalyst onversion ( % CH, C,H, C,Hg C;Hg Aromatics C_—;Hf,(%) e
Ga,0;/HZ(13) 98.4(9.1) 8.1(4.0) 3.6(10.4) 3.4(13.0) 1.6(72.6) 83.3(0) 3.3(6.6) 9.57
Ga, 0;/HZ(25) 88.5(11.5) 4.7(3.9) 12.4(11.6) 2.9(10.7) 11.4(73.8) 68.6(0) 10.1(8.5) 7.61
Ga, 0;/HZ(80) 81.7(41.5) 4.0(3.1) 12.1(11.2) 1.1(0.2) 15.7(47.9) 67.0(37.6) 12.8(17.7) 3.84
Ga, 0,/HZ(150) 68.1(32.1) 3.5(3.0) 10.9(9.5) 0.8(0.2) 27.5(56.0) 57.4(31.3) 18.7(18.0) 2.63
Ga, 0;/HZ(200) 54.0(34.6) 3.5(3.0) 11.4(10.8) 0.5(0.2) 38.2(57.8) 46.4(28.2) 20.6(20.0) 1.79
Ga, 0;/HZ(250) 21.4(11.2) 3.1(5.3)  7.5(14.3) 0.1(0.1) 42.4(76.7) 47.0(3.6) 9.1(8.6) 0.58
# The values outside and inside the bracket are the data obtained at 1 h and 50 h, respectively.
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Fig.3 Propane conversion(A) and propene yield(B) of the Ga,O, catalysts supported on ZSM-5
with different Si/Al molar ratios as a function of reaction time
& Ga,0;/HZ(13); m Ga,0;/HZ(25); A Ga,05/HZ(80); 0 Ga,05/HZ(150); + Ga,0;/HZ(200); x Ga,0;/HZ(250).
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Table 4 Textual properties of various HZSM-5 supported Ga,O, catalysts

Catalyst Molar ratio MO}'HY ratio  Steaming temperature/  Surface area/ Pore volume/ Mesoporous volume/
of Si/Al of Si/Aly « C (m? g™ (em?® < g1 (em® +g™1)
Ga, 0;/HZ(13) 13 14.0 — 440 0.176 0.035
Ga, 0;/HZ(13)-600 14 18.9 600 430 0.178 0.041
Ga, 0;/HZ(13)-650 14 20.3 650 426 0.177 0.041
Ga, 0;/HZ(13)-700 14 20.6 700 422 0.177 0.041
Ga, 0;/HZ(13)-750 16 22.5 750 417 0.175 0.040

* The framework Si/Al ratio.
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Table 5 NH,-TPD and cumene-cracking data of various HZSM-5 supported Ga,O, catalysts

. Peak temperature/“C Amount of desorbed NH;/ (mmol - g -1 . .
Catalyst I I I (120350 C) 1 (350—600 C ) Total Cumene conversion (% )
Ga, 0;/HZ(13) -600 245 440 0.14 0.49 0.63 35.3
Ga, 0;/HZ(13)-650 238 430 0.31 0.42 0.73 25.3
Ga, 0;/HZ(13)-700 242 414 0.33 0.40 0.73 23.0
Ga, 0;/HZ(13)-750 251 413 0.28 0.34 0.62 17.1
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Fig.5 Propane conversion(A) and propene yield(B) of the Ga, O, catalysts supported
on steamed ZSM-5 as a function of reaction time
A Ga,0,/HZ(13)600; & Ga,0,/HZ(13)-650; m Ga,0,/HZ(13)-700; x Ga,0,/HZ(13)-750.
Table 6 Reaction data and coke deposition of various HZSM-5 supported Ga, O, catalysts *
Catalvt o fon(% ) Selectivity (% ) Yield of Coke( % )
atalys onversion ( % CH, C,H, C,H, C.H, Aromatics CaHy (%) oke( %
Ga, 0;/HZ(13)-600 88.0(37.0) 4.5(3.3) 12.1(11.9) 1.2(0.2) 10.9(47.2) 71.3(37.4) 9.6(17.5) 4.86
Ga, 05/HZ(13)-650 68.8(45.0) 4.5(3.7) 16.3(15.4) 0.7(0.3) 25.0(45.6) 53.5(35.1) 17.2(20.5) 2.25
Ga, 0;/HZ(13)-700 46.5(37.7) 4.1(3.7) 15.3(15.6) 0.4(0.2) 40.6(53.7) 39.6(26.8) 18.9(20.2) 1.42
Ga, 0;/HZ(13)-750 29.9(25.8) 4.8(4.6) 14.0(14.3) 0.3(0.2) 57.6(63.5) 23.4(17.4) 17.2(16.4) 0.77

# The values outside and inside the bracket are the data obtained at 1 h and 50 h, respectively.
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Dehydrogenation of Propane to Propene over
Ga,0,/HZSM-5 Catalysts

REN Ying-Jie, HUA Wei-Ming, YUE Ying-Hong" , GAO Zi
( Department of Chemisiry and Shanghai Key Laboratory of Molecular Catalysis and Innovative Materials ,
Fudan University, Shanghat 200433, China)

Abstract Dehydrogenation of propane to propene in the presence of CO, was carried out over Ga, O, catalysts
supported on HZSM-5 with different Si/ Al molar ratios. The structural and acidic properties were characterized
by XRD, XRF, N, adsorption, Al MAS NMR, NH,-TPD and model acid-catalyzed reaction. It is found that
the stability of supported Ga,0, catalysts for the reaction improves with increasing Si/ Al molar ratio of HZSM-5
support, which is thought to be caused by the decrease of the acidity of the catalysts, resulting in the suppres-
sion of the side reactions. The stability can also be enhanced by the mesopores generated by steaming, due to
the promotion of the diffusion and desorption of the propene.

Keywords Ga,0,/HZSM-5; Propane; Dehydrogenation; Carbon dioxide; Stability
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