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Fig.1 XRD patterns of the prepared ZSM-5 samples
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Fig.2 NH;-TPD profiles of the prepared ZSM-5 samples
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Table 1 Physicochemical properties of the ZSM-5 samples

n(Si)/ Seer/ S iero” S neso” S/ Sei/ Vo’ V ier” Vieso”
Catalyst ;

n(AD" (m*g™) (m’g™) (mg™') (m*g') (m’g™) (em’g) (em’g™) (em’ogT)
H-ZSM-5-25 12.5 292.0 194.7 97.3 238.9 53.1 0.20 0.13 0.07
DA-ZSM-5-25 40.2 391.2 265.5 125.7 323.6 67.6 0.30 0.18 0.12
DS-ZSM-5-25 7.3 336.8 222.6 114.2 260. 6 76.2 0.25 0. 10 0.15
DS-DA-ZSM-5-25 24.1 425.5 220. 4 205.1 295.8 129.7 0.36 0.15 0.21
H-ZSM-5-47 24.0 274.9 182.3 92.6 222.1 52.8 0.22 0.12 0.10
DA-ZSM-5-47 50. 6 386.2 264.8 121. 4 277. 1 109. 1 0.32 0.17 0.15
DS-ZSM-5-47 9.3 341. 1 201.9 139.2 219.1 122 0.35 0. 16 0.19
DS-DA- ZSM-5-47 30.1 516.0 295.3 220.7 335.4 180. 6 0.51 0.15 0.36
H-ZSM-5-148 72.8 324.4 216.3 108. 1 265.7 58.7 0.24 0.15 0.09
DA-ZSM-5-148 90. 4 336.5 213.2 123.3 260.9 75.6 0.28 0.17 0.11
DS-ZSM-5-148 30.5 362.6 219.2 143.4 273 89.6 0.30 0.14 0.16
DS-DA-ZSM-5-148 80.2 436.0 234.4 201.6 315.6 120. 4 0.32 0.15 0.17
H-7ZSM-5-220 108. 5 330.5 220.3 110.2 274. 4 56.1 0.24 0.14 0.10
DA-ZSM-5-220 120.3 356.9 220.2 136.7 276.9 80.0 0.27 0.16 0.11
DS-ZSM-5-220 55.4 374.5 222.2 152.3 278.8 95.7 0.31 0.15 0.16
DS-DA-ZSM-5-220 145. 1 474.3 250.9 223.4 329.2 145. 1 0.41 0.15 0.26

# From chemical analysis.

HE— W T4 . AR5 2 Tl A2 iE . B 3 /n B T H-ZSM-5-25 4311 25 R -0
AL T ) R0 B - R £ A LA AR 1. IR 3 (A) Al UL, ZbFEFT S Y H-ZSM-5-25 4310 44 5 31

250 5
= B)
n = .
4 e Y
g 7
S o 3L
5| e .
= S f\
1 =~ 1k
=] = Ll S T— — €
= s0r e d
> 1 1 1 1 1 1 1

0 02 04 06 08 10 0 10 20 30

Relative pressure, p/p, Pore diameter/nm

Fig.3 N, adsorption-desorption isotherms(A) and pore size distributions(B)
of the H-ZSM-5-25 materials
(A) a. DS-DA-ZSM-5-25, b. DA-ZSM-5-25, c¢. DS-ZSM-5-25, d. H-ZSM-5-25;
(B) a. DS-DA-ZSM-5-25, b. DA-ZSM-5-25, c. DS-ZSM-5-25, d. ZSM-5-25.
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Fig.4 TEM images of the parent H-ZSM-5-220( A ,B) and mesoscopically structured
materials DS-ZSM-5-220( C,D)
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Table 2 Catalytic performances of the parent HZSM-5 and mesoscopically structured materials
with different SiO,/Al, O, ratios”

Product selectivity( %, molar fraction)

Catalyst Conversion( % )

C1—C5 Benzene Xylene C9~ PX
H-ZSM-5-25 27.0 8.2 10.0 63.2 18.6 25.6
DS-ZSM-5-25 29.7 8.0 15.3 62.0 14.7 32.1
DA-ZSM-5-25 40.0 9.4 7.5 63.9 19.2 35.4
DS-DA-ZSM-5-25 41.5 93.0 6.3 62.9 21.5 33.5
H-ZSM-5-47 32.8 9.8 6.0 62.0 22.2 30.5
DS-ZSM-5-47 34.6 7.7 7.0 66.3 19.0 32.6
DA-ZSM-5-47 36.7 10.5 5.7 61.2 22.6 33.4
DS-DA-ZSM-5-47 42.2 7.8 4.4 64.7 23.1 35.1
H-ZSM-5-148 29.7 17.1 1.1 50.5 31.3 32.1
DS-ZSM-5-148 30.3 17.6 1.1 49.5 31.8 38.3
DA-ZSM-5-5-148 30.6 17.9 0.5 52.4 29.2 37.6
DS-DA-ZSM-5-148 31.0 18.7 0.1 56. 1 25.1 36.2
H-7ZSM-5-220 19.9 12.0 0.7 59.8 27.5 34.7
DS-ZSM-5-220 31.0 4.6 0.0 74.9 20.5 38.4
DA-ZSM-5-220 20.7 11. 1 0.8 62.0 26.1 39.6
DS-DA-ZSM-5-220 28.1 5.7 0.6 71.6 22.1 37.9
# Reaction conditions; T=400 C, WHSV=2 h™"| 5 .cne/ Mmethanel = 2» Time-on-stream 4. 0 h.
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73( IE] 5 ) . S fri et mtna sa aatynty a a ity
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IR LE Y H-ZSM-5 3 7 EA TAR S, BUAR B - 0 4|o SIO 12|o 16IO 200
{9 735 1) L2 T BRI AL A 39 P R XTI Time-on-stream/h
SR LU H-ZSM-5 430, 3043 5 A 0 H: 50 £ 52 Fig.5 Stability of DS-ZSM-5-220 catalyst
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Catalytic Performance of Micro-/micro-mesoporous H-ZSM-5
Zeolites for Alkylation of Toluene with Methanol’

ZHAO Li, YU Dongni, DAI Weili©, WU Guangjun, LI Landong, GUAN Naijia "
(School of Materials Science and Engineering & National Institute for Advanced Materials,
Nankai University, Tianjin 300350, China)

Abstract  The effects of acid or alkali treatments as well as acid-alkali treatment on the physicochemical
properties and catalytic performances in the alkylation of toluene with methanol over H-ZSM-5 zeolites with
different Si/ Al ratios were investigated. The zeolites before and after the treatment were characterized by XRD,
NH,-TPD, BET and TEM. The results indicated that the acid and alkali treatment had the great effects on the
acidity and pore structure of the zeolites, which can directly influence the catalytic activities of the zeolites.
Acid treatment can greatly influence the acidity and catalytic activities of H-ZSM-5 with lower Si/ Al ratios,
while alkali treatment only had the great effects on H-ZSM-5 with higher Si/Al ratios. The combination of acid
and alkali treatment can adjust the acidity and pore structures of the zeolites simultaneously, and then enhance
the catalytic activity in the alkylation of toluene with methanol.

Keywords Acid treatment; Alkali treatment; Desilication; Mesopore; Alkylation of toluene with methanol
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