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Effect of Levulinic Acid Modification on Performance of HZSM-5
Methanol Aromatization Catalyst

LI Jian', CAO Lei', WANG Lijuan*, YANG Lina'
(1. School of Petrochemical Engineering, Liaoning Shihua University, Fushun 113001, Liaoning, China;
2. Sinopec Maoming Petrochemical Company, Maoming 525000, Guangdong, China)

Abstract: HZSM-5 zeolite was modified with levulinic acid produced in situ via glucose hydrolysis, and the catalysts were
characterized by X-ray diffraction, X-ray fluorescence spectroscopy, N, adsorption-desorption, scanning electron microscopy,
NH;-temperature programmed desorption, Fourier transform infrared spectroscopy and thermal analysis. The catalytic performance
was evaluated in a fixed-bed micro reactor. The results show that the modified HZSM-5 catalyst has a microporous-mesoporous
structure based on the retaining complete crystal structure, its acid content and acid strength decrease and the ratio of B acid to L acid
increases, which are conducive to improving the catalyst longevity, oil yield and total selectivity of benzene, toluene and xylene
(BTX). At 410 °C, 0.1 MPa and methanol (WHSV) 2.2 h™', the longevity of modified HZSM-5 catalyst reaches 174 h, the oil phase
yield is 23.84%, and total selectivity of BTX is 61.39%. Compared to the unmodified catalyst, the longevity of modified HZSM-5
catalystis increased by 144 h, oil yield is increased by 7.29%, and total selectivity of BTX is increased by 3.42%.

Keywords: zeolite; glucose; hydrdysis; levulinic acid; modification; aromatization of methanol; catalyst
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Fig. 1 XRD patterns of catalysts before and after modification
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Table 1 XRF characterization results of catalysts before
and after modification

Sample No. WwSiON%  wALO%  n(Si0y)/n(ALOs)
T-HZSM-5 98.78 1.22 68.89
G1-HZSM-5 98.65 135 62.36
G5-HZSM-5 98.82 118 71.03
G10-HZSM-5 98.68 1.32 63.85
HZSM-5 98.63 1.37 61.40

w is mass fraction.
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Fig. 3 Pore size distribution of catalysts before and after
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Table 2 Structure properties of catalystsbefore and after
modification

Average pore

Catalyst Sper /(g ") View/(em™g™) .
diameter/nm
T-HZSM-5 365.1 0.19 2.08
G1-HZSM-5 415.2 0.21 2.04
G5-HZSM-5 352.9 0.22 2.49
G10-HZSM-5 411.5 0.21 2.00
HZSM-5 408.4 0.19 0.90
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Fig. 4 SEM images of HZSM-5 (a) and G5-HZSM-5 (b)
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Fig. 5 Catalysts NH;-TPD before and after modification
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Table 3 NH;-TPD before and after catalysts modification

Acid amount/(mmol-g™")

Catalyst

Weak acid Strong acid Total acid
T-HZSM-5 0.275 0.195 0.470
G1-HZSM-5 0.167 0.161 0.428
GS5-HZSM-5 0.181 0.204 0.485
G10-HZSM-5 0.190 0.214 0.504
HZSM-5 0.536 0.347 0.883
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Fig. 6 Py-FTIR patterns of catalysts before and after
modification
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Table 4  Py-FTIR results before and after catalysts
modification
Acid amount/(mmol-g ") )
Catalyst B/L ratio
L B
T-HZSM-5 0.297 0.196 0.66
G1-HZSM-5 0.191 0.128 0.67
G5-HZSM-5 0.206 0.147 0.71
G10-HZSM-5 0.179 0.116 0.65
HZSM-5 0.398 0.255 0.64
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Fig. 8 Conversion of methanol before and after modification
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Fig. 9 Oil phase yield of catalysts before and after modification
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