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APPENDICES
Appendix A Calculation of Si/Al Ratio and Theoretical Acidity

From the chemical composition determined by XRF method, the SifAl ratio
is calculated as follows:
The general formula of ZSM-5 is NanAInSi%ie
In the case of commercial HZSM-5 SiCVAHCh = 280,

From XRF
Si02= 99.4210 wt% AD3 = 0597 wt%
S = 16545 mol AL = 0.0117 mol
Sil Al= 141.3657
From AlSi%n0i9%2
Si/Al = 1413657 =(96-n)n
o= 06743
So, S = 95,3257
Al = 06743

From the chemical composition determined by XRF method, the theoretical
acidity of zeolite is calculated as follows:
The general formula of HZSM-5 is HuAInSigo-nO®
In the case of HZSM-5 (280) with,
S = 953257
Al = 06743
From the above, the general formula of HZSM-5 is Hoeus Alo.e74sSiOie-
The weight of unit cell of HZSM-5 ( ) is
= 06743 (1)+ 0.6743 (26.98)+ 95.3257 (28.09)+192( 16.00)
= 5768.0892¢
The theoretical acidity ([H+]) of HZSM-5 (280) is
[H] = 0.6743/5768.0892
[H] =  0.1169mmoll/g



Appendix B Experimental Data of Catalytic Activity Test for Toluene Alkylation with Methanol using Modified HZSM-5

Table BL Toluene and methanol conversion for various SICb/AhCh molar ratio; reaction temperature 400 °c toluene to methanol molar
ratio of 4, WHSV =24 h'] and TOS = 375 min

Conversion (%)
Bmin Bmin 1BHmin o 1%min 25min - 35min 375 min
Toluene conversion (%) 1612 1559 14.34 16.45 1853 14.64 17.02
Methanol conversion (%) 10000 10000 10000 10000 10000 10000  100.00
Toluene conversion (%) 1446 1524 1565 1500 15.37 15.06 1507

Catalysts component

HZ-5 (23)

HES (1) Methanol conversion (%) ~ 99.70 9987 9990 9989  99.72  99.92 99.92
HZ5 (80) Toluene conversion (%) 1444 1673 1570 16.18 16.35 1483 1531

Methanol conversion (%) 9963 10000 10000 9992 10000  99.92 99.93
HZ-5 (280) Toluene conversion (%) 1033 1000 1072 9.59 1031 1052 10.38

Methanol conversion (%) 9381 9145 8719 88.71 86.50 83.64 88.64



Table B2 Product selectivity for various SiCH/AHCb molar ratio; reaction temperature 400 °c toluene to methanol molar ratio of 4,
WHSV =24 If1 and TOS = 375 min

Catalysts
HZ-5 (23)
HZ-5 (50)
HZ-5 (80)

HZ5 (280)

component

p-xylene selectivity in products
[T-xylene selectivity in xylenes
p-xylene selectivity in products
p-xylene selectivity in xylenes
p-xylene selectivity in products
p-xylene selectivity in xylenes
p-xylene selectivity in products
p-xylene selectivity in xylenes

Selectivity (%)
BLmn  75min 1Bmin 1%min - 255min - 35 min - 375 min
192 231 20.29 19.71 20.53 22.09 18.65
0.26 0.27 0.28 0.28 0.29 0.30 0.29
2050 2222 21.85 20.73 20.78 21.50 20.27
0.26 0.28 0.27 0.27 0.27 0.27 0.26
2110 2180 2131 21.70 21.68 21.77 2131
0.26 0.26 0.26 0.26 0.26 0.26 0.26
6711 6729  63% 67.09 68.31 68.22 66.83
7519 7538 74,14 75.32 15.17 75.98 75.17



Table B3 Toluene and methanol conversion for various amount of TEOS loading; reaction temperature 400 °c toluene to methanol
molar ratio of 4, WHSV =24 ITL and TOS = 375 min

Catalysts
HZ-5(280)
1-cycle CLD(0.5)-HZ-5
1-cycle CLD(1.0)-HZ-5
1-cycle CLD(1.5)-HZ-5

1-cycle CLD(2.0)-HZ-5

component

Toluene conversion (%)
Methanol conversion (%)
Toluene conversion (%)
Methanol conversion (%)
Toluene conversion (%)
Methanol conversion (%)
Toluene conversion (%)
Methanol conversion (%)
Toluene conversion (%)
Methanol conversion (%)

15 min

10.33
9381
10.53
100.00
9.26
96.66
1.60
96.43
1.9
99.59

75 min

10.00
91.45
9.30
85.24
6.68
92.18
1.48
97.31
6.93
99.43

135 min

10.72
87.19
843
88.74
8.13
92.95
8.30
95.76
8.51
99.23

Conversion (%)
195 min

9.59

88.71
831

86.16
8.18
93.58
8.08
93.08
8.18
98.66

255 min

1031
86.50
9.63
82.30
8.42
92.20
1.68
97.85
9.30
99.32

315 min

10.52
83.64
8.19
85.30
8.26
9447
8.13
93.58
1.03
99.18

375min

10.38
88.64
961

86.31
841

94.51
1.8

93.75
6.84
98.46



Table B4 Product selectivity for various amount of TEOS loading; reaction temperature 400 ¢ toluene to methanol molar ratio of 4,
WHSV =24 IfL and TOS = 375 min

Catalvsts component Selectivity (%)
y d Bmin 75min 13Bmin - 19min 255min - 35min - 375 min
HZ-50280) p-xylene selectivity inproducts 6711 6729 6395 6709 6831 6822  66.83

[T-xylene selectivity in xylenes 7519 7538 7414 7532 571 1598 7517
[T-xylene selectivity inproducts 7771 7992 7954 7921 8050 7948  79.97
[T-xylene selectivity in xylenes 8633  87.73 8809  87./8 8764 8764 8718
[T-xylene selectivity inproducts 7892 8126 8145 8159 8147 8064 8139
[T-xylene selectivity in xylenes 8957 8873 8936 8955 8969 8817 8959
[T-xylene selectivity inproducts 7810 7759 7870 758 7875 7669  79.92
[T-xylene selectivity in xylenes 8547 8432 8474 8474 871 82  83IBH
[T-xylene selectivity in products 7360 7750 7365 7566 7345 7659 752
[T-xylene selectivity in xylenes 8592 8646 8697 8718 8634 8583  85.09

1-cycle CLD (0.5)-HZ-5
1-cycle CLD (L.0)-HZ-5
L-cycle CLD (15)-HZ-5

1-cycle CLD (2.0)-HZ-5



Table B5 Toluene and methanol conversion for various CLD treatment cycle; reaction temperature 400 ¢ toluene to methanol molar
ratio of4, WHSV = 24 h"L and TOS = 375 min

Catalysts Component Conversion (%)

Y P B5min Bmin 13Bmin 19%min 25min 315 min - 375 min
Toluene conversion (%) 926 868 8.73 8.18 8.42 8.26 841

Loyole CLOCLOHES  tanol comversion (9~ 9666 9278 9295 9358 9220 447 945L
Toluene conversion (%) 710 661 101 6.57 5.82 6.63 6.95

2oyleCLOUOFAZS  \itvanol conversion (06) 8596 8204 7988 7601 6916 6930 T8I

Toluene conversion (%) 6.94 69 183 8.3 1.10 8.76 6.84
FoyleCLDISMZS  \otanol comversion ()~ 8943 7031 8703 &153 B4R %287 T8



Table B6 Product selectivity for various CLD treatment cycle; reaction temperature 400 °c toluene to methanol molar ratio of 4,
WHSV =24 [fLand TOS = 375 min

Selectivity (%)
Calss component Bmin 75min 13Bmin 1%min- 255min - 315min - 375 min
Leycle CLD(L0)-HZ-5 [T-xylene selectivity inproducts 7892 8226 8145 8159 8147 8064  8L39

[T-xylene selectivity in xylenes 8957 8873 8936 8955 8969 8817 8959
[%-xylene selectivity in products 8523 ~ 8598 8555 8488 8428 8504 8484
[T-xylene selectivity in xylenes 9253 9221 9205 9190  9L74 9112  92.04
[T-xylene selectivity in products 8179 8227 8162 812 8036 7976 7825
[T-xylene selectivity inxylenes  91.29 9068 9026 8969 8936 8891  88.19

2-cycle CLD(1.0)-HZ-5

3-cycle CLD(1.5)-HZ-5



Table B7 Toluene and methanol conversion for parent and dealuminated catalysts; reaction temperature 400 °c toluene to methanol
molar ratio of4, WHSV =24 1T, and TOS = 375 min

Catalysts
HZ-5(280)

DeAl-HZ-5

Component

Toluene conversion (%)
Methanol conversion (%)
Toluene conversion (%)
Methanol conversion (%)

15 min
10.33
93.81
1121
95.26

75 min

10.00

91.45

10.85

94.75

135 min

10.72
67.19
11.30
93.93

195 min
9.59
88.71
9.40
94.96

Conversion (%)
255 min

1031
86.50
1316
92.26

315 min

10.52
83.64
11.58
91.44

375 min

10.38
68.64
10.85
94.63

Table B8 Product selectivity for parent and dealuminated catalysts; reaction temperature 400 °c toluene to methanol molar ratio of 4,
WHSV =24 h'] and TOS = 375 min

Catalysts
HZ-5(280)

DeAl-HZ-5

Component

p-xylene selectivity in products
p-xylene selectivity in xylenes
JO-xylene selectivity in products
[T-xylene selectivity in xylenes

15 min
67.11
75.19
64.23
1323

75 min
67.29
75.38
65.07
13.77

135 min
63.95
74,14
65.10
73.62

Selectivity (%)

195 min 255 mm
6709 683l
n32  T5T7
65.21 65.67
1430 1392

315 min
68.22
75.98
63.74
13.75

375 min
66.83
75.17
67.97
715.82



Table B9 /:-Xylene selectivity and other product selectivity for parent and dealuminated catalysts; reaction temperature 400 °c toluene
to methanol molar ratio of 4, WHSV =24 h'L and TOS = 375 min

Selectivity (%)
Catalysts Component Bmin - Bmin 13Bmin 1%min o 255min 35min - 375 min
HZ-5(280) p-xylene selectivity (%) 6711 6729 639 67.09 68.31 68.22 66.83
Other product selectivity (%) 3289 2711 3605 3291 31.69 3178 317
DOAL-HZ:S [>xylene selectivity (%) 6423 6507 6510 65.21 65.67 63.74 67.97
Other product selectivity (%) B 3493 41N 3479 34.33 36.26 32.03
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Table BIO The estimation of methanol converted to aromatics ring and methanol to
alkyl group from self-aromatization for parent and modified catalysts at temperature
400 °c toluene to methanol molar ratio of 4, WHSV =24 1’1

Methanol to aromatic ring (%)

Catalysts TOS(min)
5 7 13
HZ-5 280% 4155 42.99 41.89
CLD(L0)-HZ-5 5380 52.55 5146
DeAl-HZ-5 311 4297 44.24

Table BII' Toluene conversion of toluene disproportionation reaction over the
parent HZSM-5 catalysts and modified catalysts at temperature 400 °c toluene to
methanol molar ratio of 4, WHSV =24 If1

Toluene conversion (%)
Catalysts TOS(min)
5 7 135
HZ-5 280% 0 0 0
CLD(1.0)-HZ-5 0 0 0
DeAl-HZ-5 0 0 0
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