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Fig.1 Structural characteristics of metal oxides

(a) XRD patterns; (b, g), (c), (d), (e, h) and (f) are TEM images of BiyZrs,0,, BigsZrs0,, BigsZrs,0,, Bi,Zrs,0, , Bi,Zrs,0,
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Table 1 Crystal structure properties of metal oxides

Samples Grain size/nm m-710,/% t-7r0,/%
BiyZrs,0, 39 14.11 85.89
Big25Zr5,0, 4.7 2.81 97.19
Bij5Zr5,0, 49 2.38 97.62
Bi,Zr5,0, 4.8 2.66 97.34
Bi,Zr5,0, 4.6 3.19 96.81

2.2 {ELFIHI IR B IERE S
&l 2 i BiZrO, 4 J& %A 1L ¥ B9 H,-TPD F1 CO-
TPD & . 56K 2 R TLIES |, B BiZrO, )8

(a)

T =267.7°C

T =279.6 °C

Intensity (a.u.)

BiysZrs,

BiysZrs,
. “
-

BiyZrs, T=2815°C

1 1 1
300 400 500 600 700

1
100 200

Temperature / °C

AALIb Bi B A EANKIEE I, H, (4R %
W IEARFS . 1 BigZrsO, [ 281.5 CiZW A% 5
Bi,Zrs,0, i) 267.7 °C , [FIET H, JI5E o6 £ Rt o S 184 o

(b)

Bi,Zrs,

Bi,Zrs,

Intensity (a.u.)

100 200 300 400 500 600 700
Temperature / °C

K2 BiZrO, < S AL ) W B i
Fig.2 The adsorption performance of BiZrO, metal oxide

(a) H-TPD ; (b) CO-TPD
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Table 2 Desorption temperature and corresponding desorption amount of H, and CO of BiZrO,

H,-TPD CO-TPD
Samples
Peak BE/'C Desorption amount/( w mol*g ") Peak BE/'C Desorption amount/( . mol*g ")
Bi,Zrs,0, 281.5 6.10 336.6 187.11
Biy,Zr0, 2813 14.13 342.1 188.61
Biy 75,0, 280.6 2236 339.4 218.60
Bi Z15,0, 279.6 25.66 3352 246.41
Bi,Zr5,0, 267.7 13.18 336.6 207.20
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Table 3 The binding energy and relative concentration of different oxygen vacancies of O 1s in BiZrO, metal oxide

Binding Energy/eV 1/%
Sample
BE, BE, BE, BE, 1/% 1,/% 1/% 1./% 1,+1,/%
BiyZrs,0, 530.14 532.16 533.18 535.14 46.66 19.65 26.00 7.68 45.65
Bi,Zrg0, 52068 53098 53418 53648 5224 4523 2.06 047 47.29
Biy Z15,0, 53008  531.68 53458 53618 4082 4482 1221 2.16 57.03
Bi,Zr5,0, 529.78 531.18 534.48 537.28 38.94 38.94 34.59 1.74 73.53
Bi,Zr5,0, 530.28 531.68 533.28 535.28 24.37 40.02 31.87 3.74 71.89
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Fig.4 In-situ infrared spectra of BiZrO, (a) and (b) at 400 °C; (c) spectra of Bi,Zrs,0, at different temperatures
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Fig.5 The catalytic performance results

(a) BiZrO, metal oxide catalyst; (b) Bifuctional catalysts
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Preparation of BiZrO,/ZSM-5 Catalyst for Direct Aromatization
of Syngas

ZHU Wan-sheng, YANG Shi-cheng, XUE Xiao-xiao, ZHANG Yu-long, MA Shu-qi", SUN Qi"
( Henan Key Laboratory of Coal Green Conversion, College of Chemistry and Chemical Engineering, Henan
Polytechnic University, Jiaozuo 454000, China )

Abstract: Nano-BiZrO, metal oxides were composited with ZSM-5 zeolite by supercritical method to obtain
bifunctional catalysts for direct syngas aromatization, and the effect of Bi/Zr ratio on the performance of BiZrO, metal
oxides and BiZrO,/ZSM-5 bifunctional catalysts for catalytic CO hydrogenation reaction was investigated. The results
showed that incorporating a small amount of Bi into Zr0O, significantly promoted the adsorption and dissociation of H,
by the catalysts, thus facilitating the syngas activation. Meanwhile, it also endowed the BiZrO, metal oxide surface
with highly concentrated and relatively electron-deficient oxygen vacancies, which improved the catalytic activity.
During the syngas conversion process, the syngas conversion capacity was positively correlated with the concentration
of oxygen vacancies, and doping Bi element improved the conversion of CO as well as the selectivity of aromatics in
the products.

Key words: syngas; BiZrO, metal oxide; bifunctional catalyst; aromatics



