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Abstract — Performances of Ti-ZSM-5 catalysts for toluene alkylation using ethanol were evaluated and compared with those
of H-ZSM-5 or Mg-modified ZSM-5. Investigation on the influences of reaction parameters on the alkylation reaction was also
conducted. The highest ethyltoluene and p-ethyltoluene, among the isomersitidewtive obtained ca 35C, and higher
toluene/ethanol molar ratio and shorter contact time were necessary in order to suppress the side reactions. Ti-ZSM-5(1% Ti)
prepared using Ludox silica showed enhanced para-selectivity compared to pure ZSM-5 and more resistant toward deactiva-
tion caused by carbonaceous deposit. According to theT®B analysis, acid strength and amounts of acid sites of ZSM-5

were significantly reduced by the incorporation of titanium
improvedp-ethyltoluene yield.
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Fig. 1. NH;-TPD profiles of H-ZSM-5, TS-1 and Ti-ZSM-5 catalysts.
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Table 1. Product distributions of toluene alkylation with ethanol over various modified ZSM-5 catalysts

Catalysts TS-1(Ti=2%) H-ZSM-5(Si/AI=27) H-ZSM-5(Si/Al=55) H-ZSM-5(Si/AI=75) Mg-ZSM-5(Si/Al=55) Mg-ZSM-5(Si/Al=27)
Conversion(%) 11 44.2 345 36.6 18.5 10.3
Product distributions(mol%)
Benzene+C6 2.3 5.1 4.2 3.6 31 0.3
Ethylbenzene 3.8 2.2 2.2 1.1 17 1.8
Xylene 10.1 16.7 10.3 9.7 16.1 154
Ethyltoluene 78.2 72.9 76.6 74.5 74.2 80.2
Trimethyl benzene 3.0 2.2 2.7 5.9 2.3 0.8
Diethylbenzene 2.7 15 4.0 5.2 2.7 1.6
Normalized ethyltoluene isomer selectivity(mol%)
p-ethyltoluene 40.5 44.0 60.8 49.6 68.7 80.8
m-ethyltoluene 52.5 52.4 37.6 47.0 30.1 19.2
o-ethyltoluene 7.0 3.6 1.6 34 1.2 0.0

Table 2. Product distributions of toluene alkylation with ethanol over various Ti-ZSM-5 catalysts

H-Ti-ZSM-5 Si=TEOS H-Ti-ZSM-5 Si=Ludox H-Ti-ZSM-5 Si=Ludox H-Ti-ZSM-5 Si=Ludox H-Ti-ZSM-5 Si=cabosil

Catalyst . . . . . . . . . X
alaysis (SIAI=TS, Ti=2%)  (SAI=75, Ti=0.5%)  (SUAI=75, Ti=1%) (SIAI=TS, Ti=2%) (SIAI=TS, Ti=2%)
Conversion(%) 36.6 315 30.4 16.7 27.2
Product distributions(mol%)
Benzene+C6 0.4 21 13 10 2.9
Ethyl benzene 1.6 1.8 1.7 0.6 2.9
Xylene 6.6 9.5 14.3 8.1 7.1
Ethyltoluene 88.1. 77.5 78.1 88.3 77.3
Trimethylbenzene 2.3 4.9 1.9 0.6 5.4
Diethylbenzene 11 4.3 2.7 13 4.5
Normalized ethyltoluene isomer selectivity(mol%)

p-ethyltoluene 29.3 62.8 73.8 69.1 64.2
m-ethyltoluene 64.7 36.0 26.2 30.0 34.€
o-ethyltoluene 55 1.3 0.0 0.9 1.1
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