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Abstract—Catalytic alkylation of toluene with methanol was studied at atmospheric pressure, 420C, and
toluene/methanol feed molar ratios of 2-6 in a fixed bed reactor. Catalysts were prepared from the commercial
X-type zeolite by ion exchange with alkali cations and/or impregnation of NaNs;. The yield of xylenes decreased
in the catalyst sequence NaX>Na-cluster X>KX; the reverse tendency was found for the yield of styrene
and ethylbenzene. These results suggest that benzene ring alkylation and side-chain alkylation depend on
the catalyst acidity and basicity, respectively. The distributions of the acidity and basicity were also investiga-
ted by differential scanning calorimetry(DSC) and correlated with the performance of the catalysts. It was

thought that a surface acid property as well as a surface base property played an important role in the
course of the reaction.
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Table 1. Experimental conditions
Reaction conditions
Temperature Toluene/methanol Space velocity Optimum T. Reference
) (molar ratio) {mol/gr-hr) (C)
350-500 0.5-7 0.008-0.04 425 5
425 6 0.025 ‘ 8
410-450 5.2 950° hr! 23
350-450 2-10 0.025-0.1 420 14
330-580 5 4 hro! 425 11
420 4 0.045 12
425 5 0.006 13
420 2-6 0.0024-0.0056 This work

°GHSV, °LHSV

Table 2. Peak temperatures and DSC enthalpies for the from effects obtained for TEA desorption from the acid sites

of the catalysts

Peak 1 Peak 2 Peak 3
Catalyst Peak temp. AH Peak temp. AH Peak temp. AH
©) (cal/g) ) (cal/g) ) (cal/g)
HX 180 12.6 294 160.4 523 16.2
NaX 184 74 301 129.0 515 2.3
Na-cluster X 173 9.6 316 96.2 514 0.8
KX - — 313 26.3 451 13.1
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Fig. 1. DSC thermograms for TEA desorption from the
acid sites of the catalysts.
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Table 3. Peak temperatures and DSC enthalpies for the effects obtained for acetic acid desorption from the base

sites of the catalysts

Peak 1 Peak 2 Peak 3
Catalyst Peak temp. AH Peak temp. AH Peak temp. AH
() (cal/g) () (cal/g) ©) (cal/g)
HX 169 30.5 304 15 450 0.7
NaX 186 45.3 302 28 441 26.1
Na-cluster X 184 61.0 301 7.2 458 39.8
KX 180 66.6 309 333 469 60.2

Table 4. Xylene product composition with different cata-

lysts
Catalyst Xylene Tolugne/Methanol 6ratio
HX Ortho 24.37 31.38
Meta 36.09 31.14
Para 39.54 37.48
NaX Ortho 60.19 60.93
Meta 16.67 14.88
Para 23.14 24.19
Na-cluster X  Ortho 80.63 100
Meta 15.65 0
Para 3.72 0
0-750 Ortho 25.40 -
Meta 51.04 -
Para 23.06 -

Equilibrium: Ortho(22.03), Meta(56.17), Para(21.80)

Table 5. Catalytic performance of various catalysts

Yield(%)
Catalyst xlene EB _SM Bz TMB
0-750 01 0 0 91 21
HX 539 0 0 05 36
NaX 50 08 0 0o 0
Na-cluster X 45 6.4 0 0 0
KX 0 38 47 0 0

Reaction conditions: 420C , Toluene/Methanol=3, S.V.=
321X 10~* mol/h/g
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Fig. 2. Activity change with time on stream over various
catalysts.
Conditions: 420C, Toluene/Methanol=3, S.V.=
3.21X 107 mol/h/g
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Fig. 3. Selectivity change with molar ratio of reactants
over Na-cluster X.
Conditions: 420C, flow rate of methanol=4.02X
1072 mol/h, catalyst loading=5 g
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Conditions: 420C, flow rate of methanol=4.02X
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Table 6. Selectivity variation of KX zeolite
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Run Toluene/Methanol Yield(%) SM/EB

number ratio EB SM Ortho-X Total ratio
1 3 383 4.70 0 853 1.23
2 6 353 2.76 0 6.29 0.78
3 4 5.90 3.18 0 9.08 0.54
4 5 7.32 3.06 0 10.38 042
5 2 5.85 1.24 0.56 7.65 0.21
6 3 7.29 149 0.74 9.52 0.20
7 6 6.35 123 0 7.58 0.19
8 5 7.39 114 0 853 0.15
9 3 6.98 0 0.86 7.84 0

Reaction conditions: 420C, flow rate of methanol=4.02X107% mol/h, catalyst loading=5g
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