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A P P E N D IC E S

Appendix A Calculation of Si/Al Ratio and Theoretical Acidity

From the chemical composition determined by XRF method, the Si/Al ratio 
is calculated as follows:
The general formula of ZSM-5 is NanAlnSi%.nOi92 

In the case of commercial HZSM-5 SiCVAHCb = 280,
From XRF

Si02 = 99.4210 wt% A120 3 = 0.5967 wt%
Si = 1.6545 mol A1 = 0.0117 mol
Si/ Al= 141.3657 
From AlnSi96-nOi92,
Si/Al = 141.3657 = (96-n)/n

ท = 0.6743
So, Si = 95.3257

A1 = 0.6743
From the chemical composition determined by XRF method, the theoretical 

acidity of zeolite is calculated as follows:
The general formula of HZSM-5 is HuAlnSigô-nO^
In the case of HZSM-5 (280) with,

Si = 95.3257
A1 = 0.6743
From the above, the general formula of HZSM-5 is Ho.6743 Alo.6743SiOi92- 

The weight of unit cell of HZSM-5 (บ) is
บ = 0.6743 (1)+ 0.6743 (26.98)+ 95.3257 (28.09)+192( 16.00)
บ = 5768.0892 g
The theoretical acidity ([H+]) of HZSM-5 (280) is
[H+] = 0.6743/5768.0892
[H+] = 0.1169mmol/g



A p p e n d ix  B E x p e r im e n ta l  D a ta  o f  C a ta ly t ic  A c t iv i ty  T e s t  f o r  T o lu e n e  A lk y la t io n  w ith  M e th a n o l  u s in g  M o d if ie d  H Z S M -5

Table B1 Toluene and methanol conversion for various SiCb/AhCh molar ratio; reaction temperature 400 °c toluene to methanol molar 
ratio of 4, WHSV = 24 h '1, and TOS = 375 min

Catalysts component Conversion (%)
15 min 75 min 135 min 195 min 255 min 315 min 375 min

HZ-5 (23) Toluene conversion (%) 16.12 15.59 14.34 16.45 18.53 14.64 17.02
Methanol conversion (%) 100.00 100.00 100.00 100.00 100.00 100.00 100.00

HZ-5 (50) Toluene conversion (%) 14.46 15.24 15.65 15.00 15.37 15.06 15.07
Methanol conversion (%) 99.70 99.87 99.90 99.89 99.72 99.92 99.92

HZ-5 (80) Toluene conversion (%) 14.44 16.73 15.70 16.18 16.35 14.83 15.31
Methanol conversion (%) 99.63 100.00 100.00 99.92 100.00 99.92 99.93

HZ-5 (280) Toluene conversion (%) 10.33 10.00 10.72 9.59 10.31 10.52 10.38
Methanol conversion (%) 93.81 91.45 87.19 88.71 86.50 83.64 88.64

นท



T a b le  B2 P ro d u c t s e le c tiv ity  fo r v a r io u s  SiCH/AHCb m o la r  ra tio ; re a c tio n  te m p e ra tu re  4 0 0  ° c  to lu e n e  to  m e th an o l m o la r ra tio  o f  4,
W H S V  =  2 4  I f 1, an d  T O S  =  375 m in

Catalysts component Selectivity (%)
15 min 75 min 135 min 195 min 255 min 315 min 375 min

HZ-5 (23) p-xylene selectivity in products 19.32 22.31 20.29 19.71 20.53 22.09 18.65
/7-xylene selectivity in xylenes 0.26 0.27 0.28 0.28 0.29 0.30 0.29

HZ-5 (50) p-xylene selectivity in products 20.50 22.22 21.85 20.73 20.78 21.50 20.27
p-xylene selectivity in xylenes 0.26 0.28 0.27 0.27 0.27 0.27 0.26

HZ-5 (80) p-xylene selectivity in products 21.10 21.80 21.31 21.70 21.68 21.77 21.31
p-xylene selectivity in xylenes 0.26 0.26 0.26 0.26 0.26 0.26 0.26

HZ-5 (280) p-xylene selectivity in products 67.11 67.29 63.95 67.09 68.31 68.22 66.83
p-xylene selectivity in xylenes 75.19 75.38 74.14 75.32 75.77 75.98 75.17

น/ไน/ไ



T a b le  B3 T o lu e n e  and  m e th a n o l c o n v e rs io n  fo r v a rio u s  a m o u n t o f  T E O S  lo ad in g ; re a c tio n  te m p e ra tu re  4 0 0  ° c  to lu e n e  to  m e th an o l
m o la r  ra tio  o f  4, W H S V  = 24  IT1, an d  T O S  =  375  m in

Catalysts component Conversion (%)
15 min 75 min 135 min 195 min 255 min 315 min 375 min

HZ-5(280) Toluene conversion (%) 10.33 10.00 10.72 9.59 10.31 10.52 10.38
Methanol conversion (%) 93.81 91.45 87.19 88.71 86.50 83.64 88.64

1-cycle CLD(0.5)-HZ-5 Toluene conversion (%) 10.53 9.30 8.43 8.31 9.63 8.19 9.81
Methanol conversion (%) 100.00 85.24 88.74 86.16 82.30 85.30 86.31

1 -cycle CLD(1.0)-HZ-5 Toluene conversion (%) 9.26 8.68 8.73 8.18 8.42 8.26 8.41
Methanol conversion (%) 96.66 92.78 92.95 93.58 92.20 94.47 94.51

1-cycle CLD(1.5)-HZ-5 Toluene conversion (%) 7.60 7.48 8.30 8.08 7.68 8.13 7.58
Methanol conversion (%) 96.43 97.31 95.76 93.08 97.85 93.58 93.75

1-cycle CLD(2.0)-HZ-5 Toluene conversion (%) 7.95 6.93 8.51 8.18 9.30 7.03 6.84
Methanol conversion (%) 99.59 99.43 99.23 98.66 99.32 99.18 98.46



T a b le  B4 P ro d u c t s e le c tiv ity  fo r v a r io u s  a m o u n t o f  T E O S  lo ad in g ; re a c tio n  te m p e ra tu re  4 0 0  ๐c  to lu e n e  to  m e th an o l m o la r  ra tio  o f  4,
W H S V  = 24  I f 1, and  T O S  =  375  m in

Catalysts component Selectivity (%)
15 min 75 min 135 min 195 min 255 min 315 min 375 min

HZ-5(280) p-xylene selectivity in products 67.11 67.29 63.95 67.09 68.31 68.22 66.83
/7-xylene selectivity in xylenes 75.19 75.38 74.14 75.32 75.77 75.98 75.17

1-cycle CLD (0.5)-HZ-5 /7-xylene selectivity in products 77.71 79.92 79.54 79.21 80.50 79.48 79.97
/7-xylene selectivity in xylenes 86.33 87.73 88.09 87.78 87.64 87.64 87.18

1-cycle CLD (1.0)-HZ-5 /7-xylene selectivity in products 78.92 81.26 81.45 81.59 81.47 80.64 81.39
/7-xylene selectivity in xylenes 89.57 88.73 89.36 89.55 89.69 88.17 89.59

1 -cycle CLD ( 1,5)-HZ-5 /7-xylene selectivity in products 78.10 77.59 78.70 75.85 78.75 76.69 79.92
/7-xylene selectivity in xylenes 85.47 84.32 84.74 84.74 85.71 85.21 85.35

1-cycle CLD (2.0)-HZ-5 /7-xylene selectivity in products 73.60 77.50 73.65 75.66 73.45 76.59 75.21
/7-xylene selectivity in xylenes 85.92 86.46 86.97 87.18 86.34 85.83 85.09



T a b le  B5 T o lu e n e  an d  m e th an o l c o n v e rs io n  fo r v a rio u s  C L D  tre a tm e n t cy c le ; re a c tio n  te m p e ra tu re  4 0 0  ๐c  to lu e n e  to  m e th an o l m o la r
ra tio  o f  4 , W H S V  =  24  h"1, an d  T O S  =  3 75  m in

Catalysts Component Conversion (%)
15 min 75 min 135 min 195 min 255 min 315 min 375 min

1 -cycle CLD(1.0)-HZ-5 Toluene conversion (%) 9.26 8.68 8.73 8.18 8.42 8.26 8.41
Methanol conversion (%) 96.66 92.78 92.95 93.58 92.20 94.47 94.51

2-cycle CLD(1.0)-HZ-5 Toluene conversion (%) 7.10 6.61 7.01 6.57 5.82 6.63 6.95
Methanol conversion (%) 85.96 82.94 79.88 76.01 69.16 69.30 78.71

3-cycle CLD(1.5)-HZ-5 Toluene conversion (%) 6.94 6.96 7.83 8.35 7.10 8.76 6.84
Methanol conversion (%) 89.43 79.31 87.03 87.53 84.62 82.87 78.82

น̂๐0



T a b le  B 6 P ro d u c t s e le c tiv ity  fo r  v a rio u s  C L D  tre a tm e n t cy c le ; re a c tio n  te m p e ra tu re  4 0 0  ° c  to lu e n e  to  m e th an o l m o la r  ra tio  o f  4,
W H S V  =  24  I f 1, an d  T O S  =  375  m in

Catalysts Component Selectivity (%)
15 min 75 min 135 min 195 min 255 min 315 min 375 min

1 -cycle CLD(1.0)-HZ-5 /7-xylene selectivity in products 78.92 82.26 81.45 81.59 81.47 80.64 81.39
/7-xylene selectivity in xylenes 89.57 88.73 89.36 89.55 89.69 88.17 89.59

2-cycle CLD(1.0)-HZ-5 /?-xylene selectivity in products 85.23 85.98 85.55 84.88 84.28 85.04 84.84
/7-xylene selectivity in xylenes 92.53 92.21 92.05 91.90 91.74 91.12 92.04

3-cycle CLD(1.5)-HZ-5 /7-xylene selectivity in products 81.79 82.27 81.62 81.22 80.36 79.76 78.25
/7-xylene selectivity in xylenes 91.29 90.68 90.26 89.69 89.36 88.91 88.19



T a b le  B 7 T o lu e n e  an d  m e th an o l c o n v e rs io n  fo r p a re n t and  d e a lu m in a te d  c a ta ly s ts ; re a c tio n  te m p e ra tu re  4 0 0  ° c  to lu e n e  to  m e th an o l
m o la r ra tio  o f  4 , W H S V  =  24  IT1, and  T O S  =  375  m in

Catalysts Component Conversion (%)
15 min 75 min 135 min 195 min 255 min 315 min 375 min

HZ-5(280) Toluene conversion (%) 10.33 10.00 10.72 9.59 10.31 10.52 10.38
Methanol conversion (%) 93.81 91.45 87.19 88.71 86.50 83.64 88.64

DeAl-HZ-5 Toluene conversion (%) 11.21 10.85 11.30 9.40 13.16 11.58 10.85
Methanol conversion (%) 95.26 94.75 93.93 94.96 92.26 91.44 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 '1, and TOS = 375 min

Catalysts Component Selectivity (%)
15 min 75 min 135 min 195 min 255 mm 315 min 375 min

HZ-5(280) p-xylene selectivity in products 67.11 67.29 63.95 67.09 68.31 68.22 66.83
p-xylene selectivity in xylenes 75.19 75.38 74.14 75.32 75.77 75.98 75.17

DeAl-HZ-5 jO-xylene selectivity in products 64.23 65.07 65.10 65.21 65.67 63.74 67.97
/7-xylene selectivity in xylenes 73.23 73.77 73.62 74.30 73.92 73.75 75.82



T a b le  B 9 / ;-X y le n e  se le c tiv ity  an d  o th e r  p ro d u c t se le c tiv ity  fo r  p a re n t an d  d e a lu m in a te d  ca ta ly s ts ; re ac tio n  te m p e ra tu re  4 0 0  ° c  to lu en e
to m e th a n o l m o la r  ra tio  o f  4 , W H S V  =  24  h '1, and  T O S  = 375 m in

Catalysts Component Selectivity (%)
15 min 75 min 135 min 195 min 255 min 315 min 375 min

HZ-5(280) p-xylene selectivity (%) 67.11 67.29 63.95 67.09 68.31 68.22 66.83
Other product selectivity (%) 32.89 32.71 36.05 32.91 31.69 31.78 33.17

DeAl-HZ-5 />xylene selectivity (%) 64.23 65.07 65.10 65.21 65.67 63.74 67.97
Other product selectivity (%) 35.77 34.93 34.90 34.79 34.33 36.26 32.03



62

T a b le  B IO  T h e  es tim a tio n  o f  m e th an o l co n v erted  to  a ro m atic s  rin g  and  m e th an o l to
a lky l g ro u p  fro m  se lf-a ro m a tiza tio n  fo r p aren t and  m o d ified  ca ta ly s ts  at te m p e ra tu re
4 0 0  ° c  to lu en e  to  m eth an o l m o la r ra tio  o f  4, W H S V  = 24  h ’1

Catalysts
Methanol to aromatic ring (%)

TOS(min)
15 75 135

HZ-5 (280) 41.55 42.99 41.89
CLD(1.0)-HZ-5 53.80 52.55 51.46

DeAl-HZ-5 43.11 42.97 44.24

Table B ll 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

Catalysts
Toluene conversion (%)

TOS(min)
15 75 135

HZ-5 (280) 0 0 0
CLD(1.0)-HZ-5 0 0 0

DeAl-HZ-5 0 0 0
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