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APPENDICES
Appendix A Experimental Data of Liquid Feed Calibration of GC 5890
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Figure AL Calibration curve of benzene.
2. Ethanol

3.00E-05
y = 2.9498E-1 Ix

2= () 98¢
2 50E-05 R2=10.98141 &

o 2-00E-05
M 1.50€-05
| Looea0s

5.00E-06

0.00E+00
0.00E+00 2.00E+05 4.00E+05 6.00E+05 B8.00E+05 1.00E+06

Area

Figure A2 Calibration curve of ethanal.
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Appendix B Experimental Data of Gas Flow Calibration of Sierra C100L Mass
Flow Controller
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Figure BL Calibration curve of nitrogen.
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Appendix ¢ Experimental Data of Liquid Feed Flow Calibration of Gilson
307 Pump
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Figure CI Calibration curve of liquid feed.
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Appendix D Calculation of Si/Al Ratio and Theoretical Acidity

From the chemical composition determined by XRF method, the
Si02AI2) 3ratio is calculated as follows:
Inthe case of HZ5-195(3),
Si02= 98,682 wi% AD3 = 1075 wt%
Si02= 1.647568 mol A3 = 0009876 mol

SI02A1D 3 166.8204

From the chemical composition determined by XRF method, the theoretical
acidity of zeolite is calculated as follows:
The general formula of HZSM-5 is HnAInSies n0is2
In the case of HZ5-195(3) with,

S = 46.278 wt% Al 105273 wt%
S = 1.64775 mol Al 0.01954 mol
SiAI= 843143
From AInSi%n0i%2
SiAI= 84.3143= (96-n)/n
85.3143n %
1.12525
So, Si 94 87475
Al = 112525

From the above, the general formula of HZSM-5 s

Hi.sos25A 1| 25255194 8747502 The weight of unit cell of HZSM-5 ( ) is
= 112505(1)+ 1.12525(26.98)+ 94.87475(28.00)+ 192(16.00)

= 57685162 ¢
The theoretical acidity ([H+]) of HZSM-5 (B) is
[H] =  1.12525/5768.5162
[H{ = 0.19507 mmol/g
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Appendix E The Other Catalyst Preparation

Inthis work, the other method for synthesizing ZSM-5 zeolites was adopted
from the work of Rugwong and coworkers (Rugwonget al., 2012) The detailed
produre is described below.

This technique used NaOH as a mineralizing agent. HZSM-5 samples
were synthesized from hydrogel solutions via hydrothermal synthesis with the
following molar composition

1955102 A1203:20TPABr: xH20

where x = 3900, 4875, 5850, and 7800.

First, Ludox and 4/5 of the distilled water were stirred at 350 rpm. Under
stirring, aqueous solution of NaOH was slowly dropped into the Ludox solution to
obtain a pH value of 10.5. The obtained mixture was stirred for 1 h at room
temperature while controlling the pH value at 105,

The rest of the distilled water and As(Nos)s'sH20 Were mixed together until
A1(N0339HD was completely dissolved. The Ai(Nos)s'sHao Solution and TPABr
were placed in the Ludox solution beaker followed by conditioning the pH value to
105 with NaOH solution. The mixture was stirred at 350 rpm for 24 h while
controlling the pH value at 105.

The gel was placed into an autoclave for hydrothermal and heated in an
oven at various conditions. After the hydrothermal synthesis, the autoclave was
cooled down to room temperature. The gel forms powder after hydrothermal. Next
the powder was washed for reducing pH from 105 to 7 by distilled water. And then
the powder was dried at 80 °c overnight, and calcined to remove the precursor at
550 °c for5h,

After first calcination, the as-synthesized ZSM-5 was exchanged with 1M
NH4NO3 solution for three times at 80 °c, and then washed with distilled water to
remove the nitrate ions. The resultant zeolite was dried overnight at 80 ¢ and
calcined in flowing dry air at 550 ¢ for 5 h to obtain the acidic form of the zeolite
(HZSM-5).
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Appendix F Experimental Data of Catalytic Activity Test for Ethylation of
Benzene with Ethanol over synthesized HZSM-5 Catalyst.

Table FI  Catalytic activity testing over HZSM-5 with different synthesis at
temperature s00. ¢ B/E =4, WHSV=20h'1

Conversion (%;
130 20 270
mn mn min
83 783 823
1% 717 746

Catalyst 5 60

min - min
HZ5-195(3) 802 840
HZ5-195(7) 65 741
HZ5-260(7) 573 627 700 714 703 708 713
HZ5-280(7) 58 735 694 643 654 693 6.36
HZ5-195(3) 9996 99.97 99.98 99.98 99.98 99.98 99.99
HZ5-195(7)  99.96 99.96 99.98 99.96 99.98 99.96 99.99
ﬂ%g%gg; 9996 99.97 9997 9997 9899 99.95 99.99

997 9999 999 9999 9992 10000 99.99

340
min
8.13
146

410
min
8.17
144

Component

Benzene

Ethanol

Table F2 Catalytic activity testing on different temperature for HZ5-195(3), BJE =
4, WHSV=20h'1

Conversion (%

Component Temferat“re 56 130 20 (2%,0 U 410
mn mmn mn mn mn mn min

00 1289 133 13% B3 LB 1319 138

Benzene 450 1079 1095 1076 1158 1120 108 1110
50 800 840 8% 183 823 813 8L

100 9997 9998 9999 9998 99.99 9998 99.99

Fthanol 450 9997 9998 9997 99.90 9998 9999 10000
500 9996 9907 9998 9998 9998 9998 9999
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Table F3 Catalytic activity testing on different feed molar ratio for HZ5-195(3),
WHSV =20 h'L T=500.¢

, Conversion (‘V%
Component B/Eratio 15 60 130 200 2/0 340 410
mn mn mn mn mn mn min
2 865 1309 1359 1308 1102 1273 1276

Benzene 4 802 840 83 78 82 813 8l
6 506 536 515 528 529 499 486
2 999 9998 9799 9598 99.98 99.97 9999
Ethanol 4999 9997 9998 9998 9998 9998 9999
6 989 9898 9998 99.98 99.98 9999 99.99

Table F4 Catalytic activity testing on different feed ratio for HZ5-195(3),
BIE =4, T=500°.

Conversion (%)
Component WHSV(If) 15 60 130 200 2/0 340 410
mn mn mn mn mn mn min

Benzene 15 (34 156 747 703 747 112 123
20 802 840 835 783 823 813 8l
Ethanol 15 99.97 9899 9998 99.99 9999 99.98 100.00
20 999 9997 9998 9998 99.98 9998 99.99
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Table F5 Product selectivity of liquid sample over HZSM-5 with different synthesis
at temperature 500°c, B/E = 4, WHSV = 20 h'1 and TOS 410 min,

Product selectivity (%

Component 175 105(3)  Hz5-195(7) HZSYZ%O%Y) HZ5-280(7)
Ethylene 0.22 0.19 0.15 0.14
pe BB B
Oluene . Il
Ethyl Benzene 9341 92.76 92.64 89.36
m-Xylene 0.54 0.62 0.60 0.74
g))(gllene 112 103 114 213
-Xylene : : _ _
Cumyene 0.05 0.08 0.06 0.12
PropEI-benzene 0il 0.17 012 0.21
p,m-Ethyltoluene 0.03 0.05 0.00 0.09
cilzigh I&;l)IBuene 0.03 0.04 0.03 88531
13-diethylbenzene 009 011 0.09 020
14-diethylbenzene 0.12 0.16 012 0.26
1,2-d|ethrlbenzene 0.04 0.06 0.04 0.19
2-butenylbenzene 0.46 0.69 047 0.55

1-butenylbenzene 125 127 145 151
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Table F7 Product selectivity of liquid sample over HZ5-195(3) at different
temperature, B/E = 4, WHSV = 20 h'}, and TOS 410 min.

Product selec IVIt
Component 449 (o 80 (C y§)3§

Ethylene 017
Methanol 0.17 023
Tquene 131 167 229
Ethyl Benzene 8812 274 9341
m-Xylene 0.27 0.36 0.54
D- ))(Xlene 0.19 054 1.12
|ene : : :
Cumene 0.14 0.06 0.05
PropEI -benzene 0.32 0.17 Ol
hyltoluene 0.09 . 003
o -Eth Iquene 0.34 0.03 003
123 TMB 013

1,3-diethylbenzene 022 0.10 0.09
14-diethylbenzene  0.33 0.12 0.12
1.2- dlethrlbenzene 0.24 0.06 0.04
2-butenylbenzene 2.50 1.29 0.46
1-hutenylbenzene 5.44 2.8 125
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Table F8 Product selectivity of liquid sample over HZ5-195(3) at different feed
molar ratio of B/E, Temperature 500 °c, WHSV = 20 h'}, and TOS 410 min,

Component e Product select|V|ty O/)E 5

Ethylene 0. 27 0 22 0.35
Methanol 0.63 0.23 064
Toluene 161 2.29 396

Ethyl Benzene 9280 9341 897l
m-Xylene 051 054 0.82
D- )Qlene 0.85 112 243

|ene : : .

Cumene 0.06 0.05 0.12

PropEI -benzene 0.1 0.11 0.18
p,m-Ethyltoluene 0.04 0.03 0.14
0-Ethyltoluene 0.04 0.03 0.13
123 TMB . \ 0.07
1 3-diethylbenzene  0.09 0.09 022
14-diethyloenzene 0.1 0.12 025
1,2-diet hYIbenzene 002 0.04 0.11
2-butenylbenzene 0.91 046 029
1-butenylbenzene 190 125 0.58
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Table F9 Product selectivity of liquid sample over HZ5-195(3) at different WHSV,
Temperature 500 °c, B/E = 4, and TOS 410 min,

Product selectivity (%)
Component WH%\{zlS W Sh\/1:20

Ethylene 0.20 0.22
Methanol 0.28 0.23
Toluene 2.56 2.29
Ethyl Benzene 92,58 9341
m-Xylene 0.59 0.54
p-))(e/lene 148 112
O-Xylene : :

Cumene 0.05 0.05
PropEI-benzene 0.14 0.11
p,m-Ethyltoluene 0.03 0.03
0-Ethyltoluene 0.04 0.03
123 TMB : :

1,3-diethylbenzene 0.09 0.09
14-diethylbenzene 0.15 012
1,2-d|eth?/Ibenzene 0.09 0.04
2-hutenylbenzene 0.58 0.46
1-butenylbenzene 114 125
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