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APPENDICES

Appendix A Sample Calculation of SifAl Ratio and Determination of
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 NanAInSies Ol
|f a complete ion-exchange is achieved and the formular of HZSM-5 is

Si =98.98 wt AL=0.89 wt%

Si= 2808 3-524 mol Al = 26 95 =0-032 mol
SI/Al = 106.83
From AlnS%-n092
Si/Al = (96-n)/n=106.83
107.83n =%
=0.899 mol
S, Si=9.10145
AL=0.8%

In the case of HZSM-5 HnAINSiee110l2

Therefore H0seoAl0.s00Sles.10i0iez i attained for the synthesized one.

From the above, the weight of unit cell of HZSM-5(U) can be determined as
=0.899(1) + 0.899(26.98) + 95.101(28.09) + 192(16.00)

= 5768065 g
The theoretical acidity ([H1]) of HZSM-5 is
[H4] = 0.899/5768
[H4 = 0.15577 mmol/g
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Appendix B Experimental Data of Catalytic Activity Test for Toluene
Alkylation with Methanol using Modified HZSM-5

Table BL Toluene conversion, methanol conversion, and /--xylene selectivity of
parent modified by chemical liquid deposition (CLD) varying amount of TEQOS
(Reaction conditions: 400 ¢ toluene to methanol molar ratio of 4:1, WHSV 24 h'])

: Conversion (% -Xylene selectivit
Catalyst ~ TOS(MIN)  41uene Met%ar)ml py (%) )

5 7176 9757 7022

7 758 978 7134

1% 13 919 76.02

HZSM-5 1% 76 QP 7400
25 729 9101 7558

35 177 9955 7210

375 7% 939 7160

15 890 8920 7113

7 040 8510 7430

1% 1000 870 7457

CLDOS}HZS 1% 790 8970 7483
5 630 8040 7427

315 630 8850 7481

375 830 8580 7237

15 050 9688 7815

7 893 958 80.16

1% 037 9467 8101

CLDLOMHZS 1% sss 9782 7987
25 709 9074 7899

315 coo 9805 7824

375 614 9361 15.62
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Table BL (cont’) Toluene conversion, methanol conversion, and /-xylene
selectivity of parent modified by chemical liquid deposition (CLD) varying amount
of TEOS (Reaction conditions: 400 ¢ toluene to methanol molar ratio of 4:1,
WHSV 24 h')

ion (0
Coyst TOS (min) 7 NI 1 yne seectivty ()
580 9Ll 66.30
Boo10 UK TL14
%70 00 7461
CLOQLSHZE 1% 150 80RO 7327
% 60 6340 720
W 60 6050 7379
10 8 1028
590 75 65.9
ERY R 1 6867
B oo B0 6345
CLOQOHZS 1% 90 70 6871
%50 310 65,49
0540 8 6957
W 50 6580 6393

Table B2 Toluene conversion, methanol conversion, and /~xylene selectivity of
modified by combined dealumination sequence chemical liquid deposition (Reaction
conditions: 400 ¢ toluene to methanol molar ratio of 4:1, WHSV 24 h')

TS (min) ... conversion (%) p-Xylene selctivity

Catalyst Toluene ~ Methanol (wt%)

15 10.09 96.59 69.12

IR 8.80 97.49 69.90

135 8.17 97.02 67.96

CLD-DeAl-HZ5 195 10.15 93 44 65.94
255 10.45 98.38 62.29

315 10.32 98.34 64.80

375 8.26 95.94 67.30
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Table B3 Toluene conversion, methanol conversion, and />xylene selectivity of
modified by chemical liquid deposition using 1 ml TEOS/g catalyst (Reaction
conditons: 400 °c toluene to methanol molar ratio of 4:1, WHSV 24 and 40 h')

| .. Conversion (%) -Xylene
Catlyst WHSV (1) TOS (min) 7/ gelecttg/\onty
5 950 988 81
B 8® %8 8016
% 93 Mer 8Ll
2 5 e U8 7087
% 70 07 1899
B 96 T
B 6 Rl 75,
CLD(LOFHZS 510 90 737
BTN WB T
B e BT TR
0 % 730 %2 70l
% e BN T35
W 76 %K 1349

3715 520 9486 1258
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Table B4 Toluene conversion, methanol conversion, and p-xylene selectivity of
modified by chemical liquid deposition using 1 ml TEOS/g catalyst (Reaction
conditions: 400 ¢ toluene to methanol molar ratio of 8:1, WHSV 24 to 40 h"J)

Conversion (%)  p-Xylene

Catalyst WHSV (I1f) TOS (min) Toluene  Methanol Se|s\(ltt%l/glty

5 260 984 37

B 260 9% TN

1% 30 95 7460

2 1% 30 %5 7450
X5 350 9755 728

3/ 20 96 3T
o330 BL 7405

5 251 %8  TAT3

B 2% 9158 7568

1% 2 9% 75
CLD(L0)-HZ5 3 1% 257 9% 758
% 230 9769 7549

3/ 264 918 7538
3247 9 o6
5203 9000 7126

B ae0 %0 TI5

15 a0 960 TIT

4 1% ..o B8 77U
X250 M8 719

3 160 %00 7801
™10 w8 77
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Table B5 Toluene conversion, methanol conversion, and p-xylene selectivity of
modified by chemical liquid deposition sequence dealumination (Reaction
conditions: 400 ¢ toluene to methanol molar ratio of 4:1, WHSV 24 and 40 h')

Conversion (%)~ />Xylene

Catalyst WHSV (if)  TOS (min) Toluene  Methanol selecttol/})/lty

5 141 9% 759

5 T4 B8R TR

% 16 9153 7651

2% % 7% 9N T
% 840 %66 1579

e B oo
576 | |
DeAl-CLD-HZ5 5 660 930 7143
56 o0 7883

% 68 B0 B3

0 % 681 B BE
% 64 B0 T
W56 B By
W62 4% 7860
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Appendix ¢  Effect of Toluene Disproportionation and Self-aromatization of
Methanol on Synthesized HZSM-5 Catalyst

Disproportionation of toluene always produces benzene and xylenes. It can be
seen from Table Cl that benzene significantly increased. The absence of
ethylbenzene and ethyl methyl benzene in this reaction might be due to without
methanol reactant to react with xylenes. This has a distinct advantage since that
makes the separation of isomers easily and significantly decreases the cost of
recovery of p- and o-xylene. Trimethyloenzene (TMBs) are formed by
disproportionation of xylene formed and tetramethylbenzene are formed by
disproportionation of trimethylbenzene thus formed (MA et al., 2001). Toluene
conversion of this reaction about 4.6 %.

Table CI  Product distribution of synthesized HZSM-5 catalyst on toluene
disproportionation reaction (Reaction conditions: 400 C, WHSV 24 h'1, and TOS
375 min)

Product Distribution (%)

Ethvl
xylene  [M2-xlee o-xylene BZ TMBsa EB  metyl  CO+
P il el benze)r/\e

HZSM-5 2206 2967 1072 3427 19 o000 o000 122
aTMBs = 1,2,3 Trimethylbenzene and 1,24 Trimethylbenzene

Catalyst

Methanol aromatization is a complicated process that includes dehydration,
polymerization, and cyclization. The product distribution for the self-aromatization
of methanol reactions is shown in Table C2. Methanol conversion leads to a wide
span of products including methane, ethylene, propylene, butenes, Cs hydrocarbons,
Cetaliphatics, other light paraffins (Czw), and aromatics. Moreover, Cs hydrocarbons
were converted to toluene, xylenes and other products (Youming et al., 2011).
Methanol conversion is 98.1 %
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Table C2  Product distribution of synthesized HZSM-5 catalyst on self-
aromatization of methanol reaction (Reaction conditions: 400 ¢, WHSV 24 h'1, and
TOS 375 min)

Product Distribution (%)

Catalyst Ethyl
Toluene /?-xylene w-xylene o-xylene BZ TMBsa EB methyl  C9+
henzene
HZSM-5 2457 21.03 14.36 1400 1852 193 325 0.42 1.22
aTMBs = 12,3 Trimethylbenzene and 1,2,4 Trimethylbenzene



Appendix D Summary of Product Distribution over various Catalysts (TOS 375 min, same condition)

Table D1 Product distribution of various catalysts (Reaction conditions: 400 °c, T/M molar ratio of 4:1, WHSV 24 h'] and TOS 375
min)

Amount (wt %) obtained with

Component CLp0s) CLDGO) CLDAS  CLDGO)  DeAll) DeAlls) DeALCLD  CLDDeA
Hzsws RS CLRRO) - GRS CLRD) - D) D) DD LD

p-Xylene 11671 1237 15.62 70.28 68.93 70.96 66.31 15.12 67.29
m-Xylene 1302 1174 8.79 8.68 6.54 12.28 16.08 1259 14,09

OXyere 473 402 39 306 28 4% 58 3B 46
Benzene 0.07 0.08 108 5.02 1.90 2.10 121 2.10 0.25
TMBsa 377 35 360 208 258 28 261 14 35

£B o200z om 501 6% om0 oz 030

Eiimetyl 3% a8 34 304 258 3 3L 280 819

C9 25 3 24 250 10 305 313 08 107

aTMBs = 1,23 Trimethylbenzene and 1,24 Trimethylbenzene
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