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ACID STRENGTH DISTRIBUTION AND TOLUENE DISPROPORTIONATION
ACTIVITY OF METAL AND BORON MODIFIED ZSM-5 ZEOLITES

Takeshige TAKAHASHI, LIU Xing Yun and Nobuya NISHIMURA

The effects of acid strength distribution and micro pore size of the zeolites on the catalytic

activity of toluene disproportionation reaction have been studied with metal and boron modified

HZSM-5 zeolites. It has been found that the concentration of strong acid sites, toluene conversion
and p-xylene selectivity for the metal or boron exchanged ZSM-5 modified by the different methods

were dependent only upon the metal content in the zeolites. Since the micro pore size of the modified
zeolite decreased with the content, a precursor for o- and m-xylene, whose molecular sizes are larger
than that of p-xylene, was not produced in the micro pore. This steric effect results in the improve-

ment of p-xylene selectivity.
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Fig. 1 Experimental apparatus
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Fig. 3 TPD spectrogram for MgHZSM-5 with va-
rious Mg contents (modified by impregnation
method)
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Table 1 Toluene disproportionation over HZSM-5 and MgHZSM-5 (W/F = 1.22X10%kg*s * mol”')

Catalyst HZSM-5 MgHZSM-5
Si/A 1 ratio 25 | 50 | 100 50
Mg Content  [wt%] 4 7 11
React. temp. [K] 823 823 923 823 923 823
Convention  [%] 24.5 | 16.8 9.5 3.5 | 20.8 3.7 | 21.4 3.6
Xylene isomer [%]
o-Xylene 23.90 | 21.50 | 16.95| 16.27 | 22.00| 10.26 | 20.07 2.25
m-Xylene 52.30 | 51.60 | 59.41 | 48.80 | 48.00 | 44.20 | 45.11| 34.27
p-Xylene 23.80 | 26.90 | 23.64 | 34.93| 30.00| 45.54 | 34.82 | 63.48
Xylene/B enzene ratio 0. 80 1.24 1.02 0.92 0.51 1.19 0.60 0.95
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Table 2 Effect of Si/Al ratio on toluene conversion

and p-xylene selectivity over 11 % MgHZSM-5

Catalyst

11 % MgHZSM-5

Si/ Al ratio

25 50 100

React. temp. [K]

823 823 823 923

Conversion  [%]

3.1 3.6 1.4 18.3

Xylene isomer [%]
o-Xylene
m-Xylene

p-Xylene

2.65 2.25 0 8.16
46.02 | 34.25| 22.64| 31.23
51.33 | 63.48| 77.36 | 60.61

Xylene/Benzene ratio

0.88| 0.95 0.52 0.37
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Fig. 4 Effect of B content on acid strength distribu-
tion (modified by impregnation method)

Table 3 Effect of B content on toluene conversion and p-xylene selectivity

B content [wt%] 1.18 l 2.57 | 5.10
Si/Al ratio 50
W/FX10% [kg- s - mol’'] 22| r22] o61] 1.22
React. temp. [K] 923

Conversion [%]

10.8 9.6 10.9 8.6

Xvlene isomer [%]
o-Xylene
m-Xylene

p-Xylene

5.8 0 3.8 7.7
34.9 4.9 15.1 7.7
59.3 95.1 81.1 84.6

Xylene/Benzene ratio

0.09 0.07 0.11 0.02
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Fig. 6 TPD spectrogram for metal modefied HZSM-5
(prepared by ion-exchanged method)
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Table 4 Effect of metal ion on toluene conversion and p-xylene selectivity over ion exchanged catalysts

React. temp. Conversion Xylene isomer [%]
Catalyst Xylene/ Benzene
[K] [%] ortho meta para
0.88 % LaHZSM-5 923 36.5 20.4 50. 6 29.0 0.40
1.23 % CeHZSM-5 923 35.0 17.3 47.8 32.9 0.33
1.99 % MgHZSM-5 823 4.6 17.1 48.1 34.8 0.98
1.78 % CaHZSM-5 823 7.2 19.1 48.5 32.4 1.08
2.00 % MnHZSM-5 823 5.2 15.3 45.2 39.5 1.03
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Table 5 Effect of metal ion on toluene conversion and p-xylene selectivity

over catalysts prepared by adsorption method

React. temp. Conversion Xylene isomer [%]

Catalyst (K] (%] ortho | meta | para Xylene/Benzene

823 5.4 17.0 | 52.8 | 30.2 0.98
214 % MgHZSM™> 923 26.2 22.8 | 45.1 | 32.1 0. 44
6.07 % MgHZSM-5 823 2.7 9.0 | 36.9 | 54.1 0.89
8.08 % MgHZSM-5 823 2.5 16.3 | 37.8 | 45.9 0.92
5.80 % LaHZSM-5 823 4.7 17.8 | 46.6 | 35.6 0.83
5.30 % CeHZSM-5 823 7.4 12.8 | 52.8 | 34.3 0. 87
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Fig. 7 Effect of Mg content on acid strength distribu-

tion (modified by adsorption method)
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