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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-
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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 Cs*-exchange and decreasing reaction temperature. This
phenomenon 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, 000)
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Table 1. Theoretical equilibrium concentrations
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of toluene disproportionation (weight %).¢

Xylenes Trimethylbenzenes
Temp. (°K) Benzene | Toluene

ortho meta para 1,2,3- 1,2,4- 1,3,5~-

300 - 25.4 44.0 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 5.7 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

4 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—Xro 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 5.1 8.3 8.5
o-Xylene 0.7 1.1 2.3 3.6 4.0
1. 3,5-TMB? 0 0 0 0 0
1,2,4-TMB 0 tr 0.2 0.8 1.1
1,2,3-TMB [\] 0 tr 0.2 0.3
Xvlene 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 velocity: weight of feed per unit weight of catalyst per hour. (g/g. h);
#Trimethylbenzene.

Table 3. Toluene disproportionation over H-Morde- 59t
nite (zeolon).

Time on stream,h| 0.02  0.50 1.00  2.00 SF—XTJ:))((:—Hg‘ <100
Temperature, °C 500 500 500 500 AN X, X X, & 0-2A8, m-24 ),
?oef:,: \a\tgsv- els. 5 :;. 5 (1;. 5 (15. 5 P2AAA K yiedF vEiG. £349 %
X=100—Xra 5.5 143 56 1.7 oA TZ I uEE EF4 2 ﬂ—xb} w4 =}
Product, wt% FAYgeE FHi wkger 2 Zhub-goll o g

Benzene 28.3 5.8 2.8 0.4 E=jo|dil4l5} H Eel " Azt AA =)
Toluene 40.5 857 944 98.3 Table 1= EFq19 B&7 31 9y] wrgo] o
Ethylfenzene 0.2 0.1 0 O 3 Hastings } Nicholson o] #) gt o 314
roe | awr oz 1s op 3 RIS S E5as gp
o-Xylene 6.6 1.7 0.6 0.3 AL st A5 u ARz 248
1,3, 5-TMB? 0.4 0.3 0 0 ol JAe] FxE Table 13} 2A ttz=zx 9o
1,2,4-TMB 0.9 08 0.1 0 & RAFET} (Table2). ZEv} Lx A5 u
1,2,3-TMB 0.2 0 0 0 g Efol g wigle] AAHEA F2 1,2,4-E
Others 0.2 01 0 O ool wiAlel AYHS 1,2,3-0144, 1,35
Xyleneisomers, % N
para 219 249 263 29 A TARALGT ol ZSM5 AF
meta s 5.7 501 dg5 1S AS HE} A ARl 2,
ortho 23.2 244 237 226  35°l4A BohE FL1,2,3-01447 45 A

“Weight hourly space velocity: weight of feed per unit
weight of catalyst per hour; *Trimethylbenzene.
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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—X1a 20.2 1.60 0.93 10.8 12.3 58.1
Time on stream, h 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, wt%
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 5.1 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 0 0
1,2,4-TMB 0.2 0 0 0 0 0
1,2,3-TMB 0 0 0 0 0 0
Xylene isomers, % ;
para 25.3 26.3 44.0 30.1 29.3 24.1
meta 51.5 51.2 44.3 51.7 49.0 52.6
ortho 23.2 22.5 11.7 17.2 21.7 23.3
aWeight hourly space velocity: weight of feed per unit weight of catalyst per hour; *Trimethylbenzene.
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Fig. 2. Toluene disproportionation over H-mordenite
and H-ZSM-5; X=100— X101, X101 is a wt. ¥ of unr-
eacted toluene.
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Fig. 3. Toluene disproportionation over K-exchanged
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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;

X
S=xax,7x; X100
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