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ABSTRACT. The catalytic activity of ZSM-5 catalyst for the disproportionation of toluene is
dependent on the type of cation exchanged, the degree of ion-exchange and the reaction temper-
ature. The activity increases in the order of alkaline-, alkali earth-, hydrogen, and rare-earth-
exchanged ZSM-5 and decreases with increasing degree of cation exchange. Among the ion-exch-
anged ZSM-5 catalysts, only Cs-ZSM-5 shows predominant selectivity for p-xylene. The selecti-
vity increases with increasing degree of Cst-exchange and decreasing reaction temperature. This
phenomencn is interpreted in terms of shape selectivity arising from the partial blocking of cha-

nnel intersections by large cesium ions.
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Fig. 1. Scanning electron micrograph for synthesized
ZSM-5 sample (X 8, 00D)
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(Fig.1)., 332 4d 98 Si0,/ALOs ¥ = 43
o2 velyten 48 a2 Perkin-Elmer
TGS-2 system 22 243 A=} 710.5wt %4
t} o] & 23L& NH,-ZSM-5¢) KCl, CsCl,
MgCl,, BaCly, LaCly 892 A}&3le] o]

Table 1. Theoretical equilibrium concentrations
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of toluene disproportionation (weight ¥5).¢

Xylenes Trimethylbenzenes
Temp. (°K) Benzene | Toluene

ortho meta para 1,2,3- 1,2,4- 1,3.5-

300 25.4 4.0 4.0 15.4 6.2 0.1 2.8 1.8

400 25.6 43.0 4.7 15.0 6.4 0.2 3.3 1.5

500 26.5 42.2 5.3 14.5 6.3 0.3 3.2 1.3

600 26.7 41.7 57 14.2 6.3 0.4 3.4 1.2

700 27.1 41.0 6.2 13.8 6.2 0.5 3.5 1.1

800 27.1 40.6 6.6 13.8 6.2 0.5 3.5 1.1

900 27.4 40.6 6.8 13.4 6.0 0.6 3.5 1.0

1000 27.5 40.3 7.0 13.3 6.0 0.7 3.5 1.0

«See Ref. 6
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Table 2. Toluene disproportionation over H-ZSM-5.

Temperature, °C 400 450 500 550 600
Pressure, atm 1 1 1 1 1
Toluene, WHSV* 6.5 6.5 6.5 6.5 6.5
X=100— X1, 6.2 9.2 20.2 34.0 42.9
Time on stream, h 1.0-1.5 1.0-1.5 1.0~1.5 0.1~1.5 1.0-1.5
Product, wt %
Benzene . 3.1 4.6 10.1 17.2 24. 8
Toluene 93.8 91.0 79.8 66.0 57.1
p-Xylene 0.8 1.1 2.5 3.9 - 4.1
m-Xylene 1.6 2.4 51 &3 8.5
o-Xylene 0.7 1.1 2.3 3.6 4.0
1.3,5TMB¢ 0 0 0 0 0
1.2,4-TMB 0 tr 0.2 0.8 1.1
1,2,3-TMB ¢ 0 ir 0.2 0.3
Xylene isomers, ¢
para 25.8 23.9 25.3 24.7 24.7
meta 51.6 52.2 51.5 52.5 51.2
ortho 22.6 23.9 23.2 22.8 24.1
“Weight hourly space velomty weight of feed per unit weight of catalyst per hour., (g/g. h);
$Trimethylbenzene.
Table 3. Toluene disproportionation over H-Morde- 5k,
nite (zeolon).
, — =t %100
Time on stream,h| 0.02  0.50 1.00 2.00 P X XX N
Temperatre,\C | S0 %0 WS Aol X, X Xy ¥ 0-2AY, meaga,
essure, atm .
Toluene, WHSVe 65 65 65 65 A % yield & vehich. Efd ¥
X=100—Xra 5.5 143 56 17 5% T 7] UL £FA 2EAUt v
Product, wt% FAHWeE HE Yoz 23] 9 Fq
Benzene 283 58 28 04 EVLRAF slEERRA QA=)
Toluene 40.5 85.7 944 98.3 Table 12 59 F27 F2 w9y ubge o
Ethylbenzene 0.2 0.1 0 0 3 : o\ o LS .
p-Xylene 7-1 1.8 0.7 0.4 _; ;E:t:;fsi Z:ilgsmf “L ::l];}z'i} ‘%:;—l & f_
m-Xylene 4.7 37 1.4 06 . 5 Sohelq EFA g
o-Xylene 66 17 06 03 2R A5¥ed g Az zyw
1,3,5-TMB? 0.4 0.3 0 0 °olAAS B2 Table 17} 2A tzzx e
1,2,4-TMB 69 0.8 0.1 0 & ReFET (Table 2). vt LE 4o u}
1,2,3-TMB 0.2 0 0 O Efdld WAlel g4sed F2 1,2,4-2
Others 020100 g o) 44EH 1,2,3-0144, 1,35
o N e sme s sme C1AAE £AZ Zaeh elie ZSM-5 A
pare cto o7 s s D79 AT AE) Ax wAwdel o &1,
ortho 23.2 244 237 226 350143 R FL1,2,3-013H47 44 A

“Weight hourly space velocity: weight of feed per unit
weight of catalyst per-hour; *Trimethylbenzene.

Vol. 27, No.2, 1983

Aslz #ase] vorEd s Ade @ v
o2 4D, Fix AF27)7h ZSM-5 5o}



130

SusEis -

KRE - 26N

Table 4. Toluene disproportionation over various ion-exchanged ZSM-5.

Catalyst ! H-ZSM-5 K-ZSM-5 Cs-ZSM-5 Mg-ZSM-5 Ba-ZSM-5 La-ZSM-5
Degree of
cation-exchange, (%) 0 72 82 41 38 32
Temperature, °C 500 500 500 500 500 500
Pressure, atm 1 1 -1 1 1 1
Toluene, WHSV: 6.5 6.5 6.5 6.5 6.5 6.5
X=100—X1,) 20.2 1,60 0.93 10.8 12.3 58.1
Time on stream, b 1.0-1.5 1.0-1.5 1.0-1.5 1.0-1.5 1.0-1.5 - 1.0-1.5
Product, wt9%
Benzene 10.1 0.80 0.47 5.4 6.2 29.1
Toluene 79.8 98. 40 99.07 89.2 87.7 41.9
P-Xylene 2.5 0.21 0.20 1.6 1.8 7.0
m~Xylene 51 0.41 0.21 2.8 3.0 15.3
o-Xylene 2.3 0.18 0.05 0.9 1.3 6.8
1, 3,5-TMB* 0 0 ¢ 0 0 1]
1,2,4-TMB 0.2 0 0 0 : 0 0
1,2, 3-TMB 0 ) ¢ 0 0 0 0
Xylene isomers, % )
para 25.3 2.3 4.0 301 29.3 24.1
meta 51.5 51.2 44.3 51.7 49.0 52.6
ortho 23.2 2.5 1.7 17.2 21.7 23.3

aWeight hourly space velocity: weight of feed per unit weight of catalyst per hour;
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Fig. 2. Toluene disproportionation over H-mordenite
and H-ZSM-5; X=100— X1, X1s1 is 2 wt. ¥ of unr-
eacted tofuene,
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Fig. 3. Toluene disproportionation over K-exchanged
NH-ZSM-5; X=100— X101, Sp= _ﬂ%g:_m X 100.
sty ol 2Rtz o Cs-ZSM-5 7t
p-2Adel A AHYE e AL G
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Fig. 4. Toluene disproportionation over Cs-exchanged
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Fig. 5. Selectivity of p-xylene on toluene dispropor-
tionation over various Cs-ZSM-5 and H-ZSM -5;
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