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APPENDICES
Appendix A Calculation of Catalysts Composition

The catalysts composition is calculated based on the SICWAECh ratio of
HZSM-5 equal to 23, 30, 50, 80 and 280,

The formula of HZSM-5 with SICO/AECE ratio 23 is represented by
AISili 5025H.

The formula of HZSM-5 with SICE/AECE ratio 30 is represented by
AlSiis032H

The formula of HZSM-5 with SICE/AECh ratio 50 is represented by
AlSi2s0 52H.

The formula of HZSM-5 with SICE/AECE ratio 80 is represented by
AlSi4008H.

The formula of HZSM-5 with SICE/AECE ratio 280 is represented by
AlSi,400282H

Example of the weight of loaded 1 203 is represented by

HX277.6Xn
m= 750

Where = required InfAl ratio
m = weight of 1 203 required
The formula weight of HZSM-5 with SICE/AECE ratio 23 is 750 g/mol.
The molecular weight of 1 2035 277.6 g/mol.
The catalysts was prepared base on 5 g of HZSM-5.
The prepared catalysts were using the composition as shown in Table Al.



Table Al The ingredients of prepared catalysts

Si02A12 3
ratio

23

30

50

80

280

In/Al ratios

01
03
0.5
10
01
03
0.5
10
01
03
05
10
01
03
05
10
01
03
05
10

HZSM-5 (g

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

12 3 (9)

0.0925
0.2776
0.4627
0.9255
0.0723
0.2169
0.3615
0.7230
0.0445
0.1335
0.2225
0.4449
0.0262
0.0846
0.1411
0.2822
0.0082
0.0246
0.0410
0.0820

Loading
(wt. %)
18
5.2
85
156
14
41
6.7
126
09
26
43
8.2
0.6
L7
21
53
0.2
05
08
16

6l
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Appendix B Calibration Data and Feed Flow Adjustment

The calibration curve and regression equation of raw materials and some
products is shown below. The response factors used for calculate the products
amount that derived from the slope of calibration curve is also shown.
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15000

Response area

y = 150669x + 19.552

10000 R#*=10.9992
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0 0.05 0.1 0.15 0.2 0.25

Injection volume (mL)

Figure Bl Response area from GC FID as a function of injection volume of
methane.
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Figure B2 Response area from GC FID as a function of injection volume of
benzene.
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Figure B3 Response area from GC FID as a function of injection volume of toluene.
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Figure B4 Response area from GC FID as a function of injection volume of 7%
xylene,
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Figure B5 Response area from GC FID as a function of injection volume of m-
xylene.
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Figure B6 Response area from GC FID as a function of injection volume of o-
xylene,

Table BL The response factor calculated from calibration curve of each substances

Chemicals Slope(Arealmi)Density(g/ml) - (Arealg) MW(giol) RERONSE falctor

(Area/mol)
Methane 150669 : 3685027598
Benzene 394754464 088 403130073 78 31444145673
Toluene 339434893 087 390155049 92 35894264547
[1-xylene 320341167 086 379466473 106 40223446165
TT2-xylene 331883881 086 385911490 106 40906617891
o-xylene 336617430 088 382519807 106 40547099523

The value of response factors calculated from the calibration curve that

shown in Table BL is further used in the products quantification for each chemical.
For the non-calibrated chemicals found during the analysis would use the response
factor of/7-xylene to represent and calculate amount of that chemicals.
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In the case of feed adjustment, the feed flow controller and catalyst weight
In various reaction conditions is shown in Table B2.

Table B2 Flow controller adjustment and catalyst weight in various reaction
conditions

Flow controller
adjustment (miimin) ~ catal St

WGI%
MBleed \Hsv (h) Methane Oxygen (@

Reaction condition

ratio
23 28 5 5 0.16
10 28 5 0.20
28 8 2 0.2
104 6.1 8 2 0.10
123 8 2 0.05
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Appendix C Raw Data of Reaction Results

The reaction results as a raw data of GC FID peak area and calculated data
are shown below.

Table CI' The results of the reaction with O: treatment at 350 °c and N2 carrier
using SICH/AFCh ratio 50, In/Al ratio 0.5, WFISV 2.8 ITLand methane to benzene
feed ratio 70 at reaction temperature 350 °c

FID area -
Selectivity (%)

T(')'r‘:e Reactants Products Total arggwtg{ic Benzene

t aromatic duct conversion

stream (pmol) produc (%)

(min) Methane Benzene Toluene  C8  C9+ (pmol) Toluene  other
10 8775.8 1003.2 0.13 0 0 0.03191 3.62E-06 0.01 100 0
40 8666.8 976.4 0 0 0 0.03105 0 0.00 100 0
70 8721.9 975.7 0 0 0 0.03103 0 0.00 100 0
100 8705.1 959.4 0 0 0 0.03051 0 0.00 100 0
130 8755.0 974.5 0 0 0 0.03099 0 0.00 100 0
160 8767.5 956.8 0 0 0 0.03043 0 0.00 100 0

Table C2 The results of the reaction with H2 treatment at 700 ¢ and N2 carrier
using SICVAFCD ratio 50, In/Al ratio 0.5, WHSV 2.8 h'Land methane to benzene
feed ratio 70 at reaction temperature 350 °c

FID area Selectivity (0
i electivi

Time Reactants Products Total Total y ()
on aromatic  aromatic Benzene

stream (fimol) product  conversion(%)

(min) Methane  Benzene Toluene Cc8  C9+ (pmol) Toluene  Other
10 8864.9 973.5 1.10 0 0 0.03099 3.06E-05 0.10 100 0
40 8807 946.3 0.29 0 0 0.03010 8.08E-06 0.03 100 0
70 8777.6 954.6 0.15 0 0 0.03036 4.18E-06 0.01 100 0
100 8750.7 987.3 0.10 0 0 0.03140 2.79E-06 0.01 100 0
130 8796.2 959.9 0.09 0 0 0.03053 2.40E-06 0.01 100 0
160 8774.4 962.1 0.06 0 0 0.03060 1.62E-06 0.01 100 0
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0
Table C3 The rgsults of the reaction with - treatment at 700 G followed by 0.
treatment at 350 Cand N carrier using SiU2/Al.0s ratio 50, In/Al ratioé).S, WHSV
2.8 h'land methane to benzene feed ratio 70 at reaction temperature 350 C

Time
on
stream
(min)

10
40
70
100
130
160

Reactants
Methane Benzen
8790.2 994.7
8730.4 999.1
8710.9 1000.4
8757.8 995.8
8688.4 957.7
8744.7 966.1

Products

FID area
g Toluene C8
17.2
5.6
3.1
19
1.5

1

C A e adi

6.7
0.8

0.0

Total
aromatic
(pmol)

0.03228
0.03195
0.03190
0.03172
0.03050
0.03075

Total
aromatic
product

(pmol)

0.00065
0.00018
0.00009
0.00005
0.00004
0.00003

Benzene
conversion(%)

2.00
0.55
0.28
0.17
0.14
0.09

Selectivity (%)

Toluene

74.21
88.19
98.41
100.00
100.00
100.00

Other

25.79
11.81
1.59

0.00

0.00

0.00

Table C4 The results of the reaction with Hz treatment at 600 ¢ followed by O:
treatment at 350 °c and N carrier using SICVAKCh ratio 50, In/Al ratio 0.5, WHSV
2.8 h'land methane to benzene feed ratio 70 at reaction temperature 350 °c

Time
on
stream
(min)

10
40
70
100
130
160

Reactants
Methane  Benzene
8886.0 1028.2
8817.4 1047.7
8916.8 1055.5
8877.1 1059.5
8814.6 1035.5
8873.2 1054.0

FID area

Toluene

15.7
5.0
3.0
2.0
13
1.0

Products

C8

o o o o o o

8,10
0.80
0.06
0.00
0.00
0.00

Total
aromatic

(pmal)

0.03334
0.03348
0.03365
0.03375
0.03297
0.03355

Total
aromatic
product

(pmol)

0.00064
0.00016
0.00009
0.00006
0.00004
0.00003

Benzene
conversion(%)

1.92
0.48
0.25
0.17
0.11
0.08

Selectivity (%)

Toluene

68.47
87.51
98.16
100.00
100.00
100.00

Other

31.53
12.49
1.84
0.00
0.00
0.00
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Table C5 The results of the reaction with Ha treatment at 800 C followed by Q2
treatment at 350 °C and N2 carrier using SI02/AI2U3 ratio 50, 1n/A [ ratio 0.5, WHSV
2.8 h'1and methane to benzene feed ratio 70 at reaction temperature 350 °C

Time
on
stream
(min)

10
40
70
100
130
160

Reactants
Methane  Benzene
8966.8 920.9
8935.6 932.7
8857.9 917.6
8856.8 946.9
89417 942.8
8986.3 951.1

FID area
Products
Toluene C8
13.3 0
4.5 0
2.6 0
1.7 0
1.2 0
0.9 0

6.40
0.74
0.12
0.00
0.00
0.00

Total
aromatic
(nmol)

0.02982
0.02981
0.02926
0.03016
0.03002
0.03027

Total
aromatic
product

(pmol)

0.00053
0.00014
0.00008
0.00005
0.00003
0.00003

Benzene
conversion(%)

1.78
0.48
0.26
0.16
0.11
0.08

Selectivity (%)

Toluene

69.96
87.25
96.04
100.00
100.00
100.00

Other

30.04
12.75
3.96
0.00
0.00
0.00

Table C6 The results of the reaction with Hz treatment at 700 ¢ followed by Oz
treatment at 350 ¢ and N2 carrier using SICh/ARCD ratio 50, In/Al ratio 0.5, WHSV
2.8 h'land methane to benzene feed ratio 70 at reaction temperature 300 °c

Time
on
stream
(min)

10
40
70
100
130
160

FID area

Reactants Products
Methane Benzene Toluene C8
8938.0 1014.3 12.8 0
8845.3 1014.6 5.0 0
8831.2 983.5 3.1 0
8841.8 1014.9 2.4 0
8766.8 1002.3 1.8 0
8832.8 1013.6 1.6 0

C9+

4.40
0.76
0.07
0.00
0.00
0.00

Total
aromatic

(pmol)

0.03272
0.03242
0.03137
0.03234
0.03193
0.03228

Total
aromatic
product

(pmol)

0.00047
0.00016
0.00009
0.00007
0.00005
0.00004

Benzene
conversion(%)

1.42
0.49
0.28
0.21
0.16
0.14

Selectivity (%)

Toluene

76.53
88.06
98.02
100.00
100.00
100.00

Other

23.47
11.94
1.98
0.00
0.00
0,00



10

Table c7 The rgsults of the reaction with - treatment at 700 ¢ followed by <

treatment at 350 G and N carrier using Sio2/Alz20s ratio 50, In/Al ratio 0.5, WHSV
0

28h'1and methane to benzene feed ratio 70 at reaction temperature 400 C

FID area Selectivity (%
i electivit

Time Reactants Products Total Total v 08)
on aromatic aromatic Benzene

stream (pmol) product  conversion(%)

(min) Methane Benzene  Toluene C8 C9+ p (pmol) Toluene  Other
10 8944.2 988.3 13.7 0 14.30 0.03217 0.00074 2.29 51.77 48.23
40 8827.9 934.0 4.1 0 2.90 0.02989 0.00019 0.62 61.30 38.70
70 8876.4 994.0 2.3 0 0.79 0.03170 0.00008 0.26 76.54 23.46
100 8920.8 997.7 15 0 0.37 0.03178 0.00005 0.16 81.96 18.04
130 8874.2 1018.9 0.9 0 0.18 0.03243 0.00003 0.09 84.71 15.29
160 8842.7 1013.7 0.6 0 0.08 0.03226 0.00002 0.06 88.56 11.44

Table C8 The results of the reaction with Hz treatment at 700 °C followed by 0z
treatment at 350 ¢ and N2carrier using Sio2/Alz03 ratio 50, In/Al ratio 0.5, WHSV
2.8 h'land methane to benzene feed ratio 70 at reaction temperature 450 ¢

FID area |
i Selectivity (%

Time Reactants Products Total Total Benzene y (%)
on . aromatic X

aromatic conversion

stream (jimol) product (%)

(min)  Methane  Benzene  Toluene  C8 C9+ (pmol) Toluene  Other
10 8922.4 983.9 12.7 0 16.60 0.03206 0.00077 2.39 46.16 53.84
40 8890.8 1007.5 4.5 0 5.50 0.03230 0.00026 0.81 47.83 52,17
70 8835.9 1021.3 2.1 0 1.80 0.03258 0.00010 0.32 56.66 43.34
100 8899.3 1035.0 1.1 0 0.74 0.03296 0.00005 0.15 62.49 37.51
130 8866.6 1013.3 0.7 0 0,35 0.03225 0.00003 0.08 68.39 31.61
160 8809.0 1038.3 0.5 0 0.22 0.03304 0.00002 0.06 72.97 27.03
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Table c9 The rgsults of the reaction with H. treatment at 700 ¢ followed by O-

treatment at 350 G and N carrier using SICVAMCh ratio 50, In/Al ratio 0.5, WHSV
0

2.8 h'land methane to benzene feed ratio 70 at reaction temperature 500 C

FID area Selectivity (%)
i electivity (%
T(']'r‘:e Reactants Products Total arTofr)ntgltic Benzene
stream aromatic product conversion
(min) Methane  Benzene  Toluene C8 C9+ (pmol) (pmol) (%) Toluene  Other
10 8981.8 948.2 ]28 21.30 0.03104 0.00089 2.85 40.24 59.76

40 8999.5 986.0 zéb i% 0.03162 h&ﬁi 0.82 43.17 56.83
8930.7 974.6 0.03111 0.35 50.46 49.54

iﬁ) 8875.3 1033.3 0.93 0.03292 0.00006 0.18 61.04 38.96
130 8964.9 969.3 0.44 0.03086 0.00003 0.11 67.08 32.92
160 8886.9 968.9 037 0.03084 0.00003 0.10 70.67 29.33

Table CIO The results of the reaction with FRtreatment at 700 °c and Qcarrier
using Sio 2/Al20s ratio 50, In/Al ratio 0.5, WHSV 2.8 h'Land methane to benzene
feed ratio 70 at reaction temperature 350 °c

FID area -
T(i)rr?e Reactants Products Total arTo(r)n[gltic Benzene Selectivity (%)
stream aromatic product conversion
(min) Methane  Benzene  Toluene C8 C9+ \piol) (pmol) (%) Toluene  Other
10 8963.0 946.8 82) 0.03074 0.00063 2.06 67.79 32.21
40 8891.3 943.2 J]z& 5.70 0.03048 0.00048 1.58 70.58 29.42
8874.5 944.1 3.10 0.03042 0.00039 1.30 80.47 19.53
% 8871.1 933.2 %% 1.90 0.03002 0.00034 1.14 86.21 13.79
0.82 0.03060 0.00030 0.99 93.24 6.76

130 i 952.7
160 927.5 9.5 0.64 0.02978 0.00028 0.94 94.33 5.67
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Table CIlI The results of the reaction with H. treatment at 700 ¢ and O carrier
using SICVADCh ratio 50, In/Al ratio 0.1, WHSV 2.8 h'land methane to benzene
feed ratio 70 at reaction temperature 350 °C

FID area

T(i)r::e Reactants Products Total Totalt Benzene Selectivity (%)

S(tfr“eiann; Methane  Benzene  Toluene C8 C9+ a(ro‘mgt)m p(g)n?fl)]f)t Con(%mn Toluene  Other
[ gle 33 200 00" QU015 oss osere  ADA
N P06 &/ 4 0 20 0@ 000h  oss  eer BB
J 9 30 0 140 @M 0002 s ne 24
m 84 w30 0 110 0088 oo 039 1535 Al
D &3 a8y 27 0 06 0028 0000  os s 168
B 847 & 20 0 049 00 0008 o ese 144

Table C12 The results of the reaction with H. treatment at 700 ¢ and O- carrier
using Si0ZAI2 3 ratio 50, In/Al ratio 0.3, WHSV 2.8 h'land methane to benzene
feed ratio 70 at reaction temperature 350 °C

KID area

Time Reactants Products Total Totalt_ Benzene Selectivity (%)

Sglgfim Methane  Benzene  Toluene CB C9'|' a{gmglt;c p(;%iglc)t Con(%lon Toluene Other
D &7 %04 9 0 64 007 0004 e e BX
H 26 B2 9 0 4 00n 0004 1 e RA
Jil g4 96 9 0 29 0088 Q0% 111 e 214
0 &4 0 8 0 22 0097 0008 e s B
N &3 930 8 0 16 009 Q00 e ssor 4D
W & 90 79 0 13 0022 000 e er20 128
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Table C13 The results of the reaction with H2 treatment at 700 °C and 02 carrier
using Si0ZAI2 3 ratio 50, In/Al ratio 1.0, WHSV 2.8 h'Land methane to benzene
feed ratio 70 at reaction temperature 350 °C

FID area

Téwe Reactants Products Total arTo(r)ntgluc Benzene selestivty ()

S(tfzﬂeiw Methane  Benzene  Toluene (.8 C9+ a(rf?nn:glt;c p(ir)of#(l:'C)t Con(%mn Toluene  Other
D 9B 787 45 0® 04 00518 00002  1es oesss 202
H &7 7 23 0% 19 0PBx 0000 286 w3 68
N 800 4 190 05 10 0@ 0 240 e1ss 6
) %é w4 B 0 1D 0040 0004 a0 o3z 6O
1) By 134 0 00 023 0000 i ez 9D
B 825 73 0 0 00 003 008 i e 40

Table C14 The results of the reaction with H2 treatment at 700 °c and 02 carrier
using Si02AI20 3 ratio 50, In/Al ratio 10, WHSV 2.8 h'1and methane to benzene
feed ratio 23 at reaction temperature 350 °c

FID area

T(i)r:]we Reactants Products Total arTofrJntgltic Benzene selectivty (%)

s;;}elann)w Methane Benzene  Toluene C8 C9+ a(rr?nrqglt;c p([)orr?glc)t Cont%mn Toluene  Other
D 6bly, B8 A7 048 3 0oal  QON07 e s030 8P
H 608 B8 22 04 3 00 QOO 1w see0 109
N x4 B4 241 0 3H 0069 0008 1 oesss LA
M 62 3 25 0 34 0033 0008 e oeres 1237
9 639 I8 15 0 3 0B/P 00 1w wss 122
B 6B B4 6 0 30 0034 006 oer  oseso 132
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Table CI5 The results of the reaction with H2 treatment at 700 ¢ and 02 carrier
using Si0ZAI20 3 ratio 50, In/Al ratio 1.0, WHSV 2.8 h'1and methane to benzene
feed ratio 104 at reaction temperature 350 ¢

FID area

Time Reactants Products Total arTo%t:Itlc Benzene Selectiviy (4)

S(tr;eiiq1 Methane Benzene  Toluene C8 Co+ a(rﬁmglt;c p(;JOrT?:)JIC)t Con(%mn Toluene  Other
D 98 526 129 0 0% Q08 QU7 200 ssa0 360
H 9 04 21 08 048 0o 000  oser  owsu L8
N 9b9 M8 04 08 04 00ed Q0000  sse  esas L6
M Q8L M9 179 0l 010 00 000 s2r ese0 Q48
) %47 38 b4 09 05 0068 Q004 ese a0 LA
B B2 6 40 0 08 0060 000  2er esas 30

Table C16 The results of the reaction with H2 treatment at 700 °c and 02 carrier
using Sio 2/Alos ratio 50, In/Al ratio 1.0, WHSV 6.1 h'land methane to benzene
feed ratio 104 at reaction temperature 350 °C

FID area

T(i)r::e Reactants Products Total Totalt. Benzene Selectivity (%)

S(tr;ei%n)1 Methane  Benzene  Toluene C8 C9+ a(rjomnqglt;c p(mglc)t Con{%mn Toluene  Other
D W2 686 U 0y 08 0026 Q00042  1ee  ess2 (048
O B304 8 127 08 090 0067 00007 10 wsor 3B
N W5 6/ W0 0 04 008 000D 12 22 38
M B3 &b 0 034 0008 Q0003 112 w26 34
) BR6 60 6 0 024 oM@ 000019 oss w720 280
0 B8 o5 5l 0 01 006/ 000 o oer 18
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Table C17 The results of the reaction with H2 treatment at 700 °C and 02 carrier
using Sio o/Al2os ratio 50, In/Al ratio 1.0, WHSV 12.3 i+ and methane to benzene
feed ratio 104 at reaction temperature 350 ¢

FID area

T(i)r:]we Reactants Products Total arTotr)nt:ltic Benzene Selectivity (%)

Sgrrnem Methane Benzene  Toluene @ C9'|' a(r'?mglt;c p([)on;jglc)t con(%mn Toluene  Other
D 943 ™/ 6 0 05 0 Qo8 . . 2(b
g @i BO% 0B W g oo ®
N %S 6 66 0 019 00 0009  ere  erss QM
M Bl A3 60 0 06 00408 0007 orn ores 22
N B9 & 53 0 04 0B 00005 e o0 2D
W 3 w8 46 0 02 0042 0008  oss otz 22

Table C18 The results of the reaction with H2 treatment at 700 °c and 0 2 carrier
using Sio o/Alos ratio 23, In/Al ratio 1.0, WHSV 2.8 h'land methane to benzene
feed ratio 104 at reaction temperature 350 °C

FID area

T(i)r::e Reactants Products Total arIJ(r]nt:Itic Benzene Selectivity (%)

s(tr;eﬁ]r;w Methane Benzene  Toluene C8 C9+ a(rgmglt;c p(;r)?ﬁglc)t Con(%mn Toluene  Other
D %2 607 07 0 19 0097 QoW i owa 136
N 963 Spd 65 0 15h 0094 QOUPL 110 eese  L30M
N %Il 602 40 0 Q0  00% QO3 o5  seas 139
M 3 639 23 0 040 001 00000  osr osesr 13
) B0 @l %8 0 05 0000 Q00 o023 eros L%
B B0 A7 0 06 0008 0008 o5 e 128
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Table C19 The results of the reaction with H. treatment at 700 °C and 02 carrier
using Si02AI2 3 ratio 30, In/Al ratio 1.0, WHSV 2.8 If1and methane to benzene
feed ratio 104 at reaction temperature 350 ¢

FID area
Téwe Reactants Products Total arE(rJntgltic Benzene Selectivity (%)
s(t;weie:]r? Methane Benzene  Toluene C8 C9+ a{gmg};c p(mglc)t Con(%mn Toluene  Other
0 Yl e 0 20 Q0L QU6 am owess U
H W2 540 63 0 0% 0037  Q0PL 115 oses2 1108
0 B33 9 5 0 08 0068 Q007 oot ose2e LA
MW BB 575 4 0 00 0% Q003 o0 sses LD
D 90 588 20 0 0b 00k O 04e  se2s  10f2
B BB 1 14 0 08 00 0004 o2 serr 1D

Table C20 The results of the reaction with H2 treatment at 700 °c and 02 carrier
using SI0ZAI2C3 ratio 80, In/Al ratio 1.0, WHSV 2.8 h'land methane to benzene
feed ratio 104 at reaction temperature 350 °C

FID area

Time Reactants Products Total Tota{_ Benzene Selectivity (%)
on aromatic aromatic o version

s(t;qeie:]r? Methane Benzene  Toluene C8 C9+ T p(;on?glc)t (% Toluene  Other
D %6l &8 76 0 00 0025 Q0B 17 e 0B
H 04 4 9% 0 0o 000M Q0B 13 wse0 410
Jil o460 93 0 048 0B  00s 136 9625 Q[
0 982 @1 9% 0 04 0004 00007 1s esos 1D
B 9y o4 9 0 07 0099 Q0 10 w3 LA
1K) e/ 91 0 008 009 0006 1 wear OB



1

Table C21 The results of the reaction with H. treatment at 700 °c and O. carrier
using Si02AIZ) 3 ratio 280, In/Al ratio 1.0, WHSV 2.8 h'land methane to benzene
feed ratio 104 at reaction temperature 350 °c

FID area

T(i)r:]we Reactants Products Total T(rJntg{ic Benzene Selectivity (%)

sE;}elann)w Methane Benzene  Toluene (B Cg‘|' a(m‘m gt)lc p([)on?éjlc)t co"r%'on Toluene  Other
D 993 53 04 0 00 001%4 3006 o002 w000 QX
H HS I 0B 0 046 00907 20606 i1 wooo QO
0 L 61y 02 0 08 000 2%Eh o oo QO
M0 %12 662 0B 0 01 009 270 o woo Q0
D e B4 08 0 07 0091 286 o3 w000 QU
W W8 W0 09 0 0B 0082 28806 o we 00
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Appendix D Raw Data of Catalysts Characterization

The temperature program desorption (TPD) characterization results is
shown in Figure DI,

L0 ———— ——
— HZSM5
[ In/HZSM-5. IvAl ratio 0.1 ‘
8 1 In/HZSM-3. VAl ratio 0.3 ’
—— I/HZSM-3, /Al ratio 0.5 ,ﬁ\
IVHZSM-5. In/Al ratio 1.0 | [
s Toga TR o U -] | A
O '4‘ E ‘
>, [\ \
: I
= \ \
2 " J
= 4 1 ,“ {
- [ “
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h“{ NI AR 7 P LA da y *' "\ WA )

0.0 M\»fj 1 »’~'.L>a\w,‘mmm’.w‘&.‘ it
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— | r v X T
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Temperature ("C)

Figure DI Temperature program desorption (TPD) profiles of catalyst with various
InfAl ratios.
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The desorption temperature and peak area, calculated from integration
program (fityk) using Gaussian curve from obtained TPD profile, are shown in Table
DI.

Table DI Desorption temperature and peak area of HZSM-5 catalysts

Area

L HZSM-5,  HZSM-5,  HZSM-5,  HZSM-5,  HZSM-5,
Acid sites  Sj0JAIN'3 Si0JAID'3 Si0ZAID3 Si0ZAID'3  Si0ZAIN3

23 30 50 80 280
Weak acid 14 2.8 2.3 31 0.4
Strong 41.2 31.2 31.6 239 1.1
acid
Total acid 42.6 40.0 33.9 21.0 8.1

Table D2 Desorption temperature and peak area of HZSM-5 and In/[HZSM-5 with
SI02AI20 350

Area Area of InfTHZSM-5, S102A120 350

Acid sites ~ HZSM-5,  In/Alratio In/Alratio  In/Al ratio  In/Al ratio

Si02A120 3 0.1 0.3 0.5 1.0

50

Weak acid 2.3 2.5 31 13 0.7
Strong 31.6 345 28.6 153 5.3
acid
Total acid 339 37 317 16.6 6

The calculation of acidity from TPD peak area used the calibration factor
from propylene to calculate.

The area of propylene per mole from the calibration is equal to 7.672 x 106

The weight of used catalysts is 0.0500 g.

The acidity of catalysts in pmol/g was calculated by



Acidity ttmollg) = (7672 area™  )x(0,05001)

The acidity of the catalyst is already shown in Table 4.5 and 4.6.

80
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