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APPENDICES

Appendix A Gas and Oil Compositions from Using Pure Metal Oxide

Table AL Gas and il Compositions from Using Metallic Tin and Tin Oxides with
Different Oxidation States as a Catalyst

Catalyst NonCat S0  SnO  Sn02
Ethanol conversion (%) : H'ST
o 07.4 97.8 9%
Product distribution (wt%%
Gas yield 900 917 917 916
Extracted oil yield 032 071 Q7L Q7L
Non liquid oil yield 2,64 162 198 173
Gas composition (wiog) IMlpiffll; v -yt
Methane 0.01 0.02 0il 0.05
Ethylene 97.2 90.9 90.4 909

Ethane 0.57 0.66 1.00 0.86
Propylene 0.21 0.53 0.64 0.42
Propane 0.00 0.01 0.01 0.01
Butylene 187 6.77 149 1.33
~ Butane 018, 109 03 048 .
O|Ic8mp03|t|ton (W) T n mpAA AT
Xygenate
g e 09 737 258
Non-aromatic 0 150 200 21.0
*Benzene 0 64.1 24.2 471
Toluene 0 0 0 0
O-Xylene 0 0 0 0
m-Xylene 0 0 0 0
E-Xylene ! ! ! !
Et ylbenze_ne 0 0 0 0
C9 Aromatics 0 : : 0
C10+ Aromatics 0 0 0 0

Data were taken at the Ih of time-on-stream



Table A2 Gas and Qil Compositions from Using Metallic Antimony and Antimony
Oxides with Different Oxidation States as a Catalyst

Catalyst NonCat SO Sh203  Sh205
Ethanol conversion (%) &5

Product distribution (wt%)
Gas yield 97.0 978 979 97.7
Extracted oil yield 032 0.67 0.67 0.67

1.53 1.43 159
154 | RGBS R Ry %hl

Methane 0,01 -0.04 0.02 00
Ethylene 972 §8.2 92.7 89.6
- Ethane 0.57 0.86 0.68 0.69
Propylene 021 0.53 0.38 0.64
Propane 0.00 0.01 0.01 0.01
Butylene 1.87 9.34 541 181

Butane i 106 0.76
composition \M°/099%']a%

UXygenle oo - 510 83 1

compound
Non-aromatic 6.92 381 190
Benzene 3.1 128 810

Toluene 0 0 0
0-Xylene 0

m-Xylene

F] Xylene
Ethylbenzene
C9 Aromatics
C10+ Aromatics 0

Data were taken at the lh of time-on- stream

0

0
0
0
0
0
0
0
0 0

o o o o o o
o o o o o o



Table A3 Gas and Oil Compositions from Using SAPO-34 as a Catalyst as a
function of time on stream
. Catalyst SAP034 SAP034 SAP034 SAP034
Ime-on-Stream
min) 60 180 300 480
Ethanol conversion (%)
o %4 979 %.1 97.9
Product distribution (wt(*& 4
Gas |e|d 924 88.0 80.1 68.6
Extracte OI! erId 1.2 14 1.8 2.0
Nonliquidoil yield 637 107 181 294
Gas composition (Wi%) 7 11 - 4,
Methane 0.18 0.19 0.19 0.08
Ethylene 92.0 932 933 95.6
Ethane 144 1.09 1.11 0.64
Propylene 261 1.72 138 0.44
Propane 0.58 0.59 0.38 0.06

Butylene 1.80 183 2.02 198
~ Butane 139 141 158 126
Ollc(o)mposm?n( t%)
Xy(enate
o 45 192 %0 8f
Non-aromatic 0 2.94 0 0
Benzene 535 133 3.7 312
Toluene 0 0 0 0
O-Xylene 0 0 0 0
m-Xylene 0 0 ! !
ﬁ-Xerne 0 0 0 0
Et beenze_ne 0 0 0 0
C9 Aromatics o : 0 :
¢ 10+ Aromatics ! 4,57 528 10.76



Table A4 Gas and Qil Compositions from Using 5 wt% tin oxide doped-SAPO-34
calcined at temperature 400 °c as a Catalyst as a function oftime on stream
~ Catalyst 5nSA34  53nSA34  5SnSA34  55nSA34
TMeuaveam g @ AW

Ethanol conversion ( i
- ar . 918 7 8K
Product distribution (wt%g i98J8tf! 0991t
(as yield 5.8 92.6 78.0 6L7

Extracted oil yield 0.8 0.89 139 1%
Non liquid oil yield 332 6.53 20,6 36.3
(as composition (wt%)

Methane 043 012 o 0 0.04
Ethylene 18.2 939 948 94.7
Ethane 1.66 0.65 0.45 0.39
Propylene 9.78 117 053 0.53
Propane 461 0.15 0.02 0.01
Butylene 2.89 2.32 2.6 303
Butane 240 1.74 152 134
Oxygenate
ovgond %7 %8 8l T3
Non-aromatic 132 1.63 0.00 1.00
Benzene 519 39.6 186 11
Toluene 0 0 0 0
O-XY'GHE 0 0 0 0
m-Xylene 0, ! 0.23 !
E-Xylene U 0 0 0
Etnylbenzene 0 0 : 0.18
C9 Aromatics - 0 0 0 0
¢ 10+ Aromatics : 0 0 140
Petroleum fraction (  t%) o If
Gasoline 82.9 90.7 821 714
Kerosene 4.80 1.36 6.36 147
Gas oil 398 1.69 6.99 9.89
LVGO 0.54 043 057 0.50

HVGO 0 0 0 0



Table A5 Gas and Qil Compositions from Using 7 wt% tin oxide doped-SAPO-34
calcined at temperature 400 < as a Catalyst as a function oftime on stream

Catalyst 7SnSA34  7SnSA34  7SnSA34  75nSA34
Time-on-st
T 60 180 300 480

Ethanol conversion () TAAVC. mE%.l@) o
o 9.0 9.4 91.0 16
Product distribution ( t%g- 4 i
Gas vield 0.1 88 1 84,5 83.0

Extracted oil yield 1.3 0.70 131 0.77

Non liquid oil yield ~ 8.93 11 142 162
Gas composition ( t%) Hplly i
Methane 0.96 0.27 047 0.22
Ethylene 5L7 88.7 84.7 90.9
Ethane 324 0.98 118 0.52
Propylene 203 293 37 19
Propane 1345 091 0.86 0.12
Butylene 5.62 352 5.18 3.12
Butane 47 2.66 3.95 2.55

Oil composition (Wt%) S11/lils ysisea gpgggeee
Oxygenate 134 439 oM 193

compound
Non-aromatic 0 0 0 0
Benzene 120 5.1 60.6 63.6
Toluene : ! : !
O-Xylene 0 0 0 0
m-Xylene 0 0 0 0
ﬁ-Xerne 0 0 0 =0
Ethylbenzene : 0 0 0
C9 Aromatics 0 0 0 0
PC1?+ Ar(]gmat_ics( y 145 0 30.3 171
etroleum fraction Wt%y . 7 @' *2H o
Gasoline s " me 5
Kerosene 2.51 8.42 123 224
Gas ol 181 6.89 1.1 214
LVGO 0.42 0.55 0.57 05

HVGO 0

=}
=}

0



Table A6 Gas and Oil Compositions from Using 5 wt% antimony oxide doped-

SAPQ-34 calcined at temperature 400 °c as a Catalyst as a function of time on
stream
~ Catalyst bShSA34  5ShSA34 5ShSA34  5ShSA34
Timeonsliean g 10 N0 40

(min) _
lanol conversion (%
931 9.7 %.3 978

Gas yield 272 833 67718 6191
Extracted oil yield (.18 197 144 2 10
Non liquid oil yield ~ 7.11 143 30, 36.0

Gas composition (wt%) NS HI
Methane 0.70 0.19 012 0.13
Ethﬁlene 58.2 918 925 931
Ethane 314 110 0.78 0.62
Propylene 175 105 068 086
Propane 138 0.20 0.06 0.02
Butylene 339 321 395 4.76

. Bime,, 3% 20 2% 04
ol " fiiCompcisition (wt%) mmm )

Oxygenat 174 08 832 5.

compound
Non-aromatic 191 1.3 0.17 0.85
Benzene 42.2 9.36 3.73 124
Toluene ! : 0.16 !
O-Xylene : 0 152 !
m-Xerne 0 0 0 0
F]—Xylene ! 0.26 i i
Ethylbenzene 0 0 : 0.18
C9 Aromatics i 0 0.08 :
Ciot Aromatics 431 99.2 311 204
_ Petroleum fraction é
Gasoline 112 1. 714 56.5
Kerosene 2.49 6.73 943 116
Gas ol 6.95 151 154 2.7
LVGO 052 0.52 0.49 0.82

HVGO 0 0 0 0

91



Table A7 Gas and Qil Compositions from Using 7 t% antimony oxide doped-

SAPO-34 calcined at temperature 400 °c as a Catalyst as a function of time on

stream

Catalyst 1ShSA34  TShSA34  7ShSA34  TShSA34

Time-on-stream 60

(min)
Ethanol conversion {%)
o %7
Product distribution (WtO/(g))
Gas yield ;
Extracted oil yield 142
Non liquid oil yield ~ 6.79
Gas composition ( t%)

Methane 0.85
Ethg'ﬁﬂ@ 66.0

Ethane 2.95
Propylene 144
Propane 9.94
Butylene 3.26

Butane 2.60

Oil composition ( t)
Oxygenate 168
compound |

Non-aromatic 1.30
Benzene 159
Toluene !
O-Xylene
m-Xylene
E-Xylene

Etnylbenzene

C9 Aromatics

C10+ Aromatics

Petroleum fraction 0vt%)
Gasoline 9.8
Kerosene 0.97

(as oil 1.29
LVGO 0.33
HVGO :

o o o o o o

180

|
%.8

610

179

0.10

04,2
0.65
048
0,04
284
173

yfpU
2.1
176

—
= O
(&6

9
J

— I ol
SJ‘I(.O Do o o o o
— OO

o o o

W 480
%3 90
W m m
n1 "t
2.01 0.74
%9 374
f g
Pos ' oo
%8 939
04 049
0% 04l
214 37
I 18
fi “ §  f
04 715
040 277
090 o
004
C®L 155
Wiis s jiHaulul
w84
04 899
38 547
050 048

92



Table A8 Gas and Qil Compositions from Using 5 wt% tin oxide doped-SAPO-34
calcined at temperature 700 °c as a Catalyst as a function oftime on stream

~ Catalyst HSnSA34  5SnSA34 5SnSA34  5SnSA34
Time-on-stream

(min) 60 180 300 480
ETRANOHCOTVEISION. (J0)rics bt i v e B TS H i 2 o
96.4 97.9 98.1 _. 979
“Productidistribution (Wi%)i <o L SRR 0l
Gas yield 93.6 89.3 81.9 70.6
Extracted oil yield — 1.21 139 1.79 2.00
Non liguid oil yield ~ 5.16 9.28 16.3 274
Methane 0.46 0.21 0.05 0.07
Ethﬁ/lene 81.9 93.2 94.3 94.9
Ethane 2.02 1.09 0.63 0.78
Propylene 3.05 1.27 0.36 0.30
Propane 2.72 0.55 0.02 0.02
Butylene 5.72 2.06 3.55 3.24
Butane 4.12 1.59 1.13 0.72
mpositic S fnaeed e e
gg%%%r&%tg 56.3 42.4 83.6 86.2
Non-aromatic 152 217 ! 0
Benzene 422 55.5 117 34
Toluene 0 ! 0
O-Xylene 0 : 0 :
m-Xylene ! i i !
E-Xylene 0 0 0 0
Ethylbenzene 0 0 0 :
C9 Aromatics i 0 i 0
C10+ Aromatics 0 0 4.72 104
Petroleum fraction 0vt%) "y EitR
Gasoline 90.3 917 T 920
Kerosene 1 2.13 5.84 2.84
Gas ol 133 2.28 437 2.07
LVGO 0.33 0.46 0.48 05

HVGO 0 0 0 0



Table A9 Gas and Oil Compositions from Using 7 wt% tin oxide doped-SAPO-34
calcined at temperature 700 °c as a Catalyst as a function of time on stream
Catalyst 7SnSA34  75nSA34  75nSA34  7TSnSA34

Time-on-Stream 60 180 300 480

(min) .
Ethanol conversion (%) in!
o 97.3 97.9 97.9 97.9
Productdistribution (wic ~ «
Gas yield 90.3 841 785 724

Extracted oil yield — 0.79 0.77 124 146
Non liquid oil yield s s 151 20.1 26.1

(Gas composition (Wt%) iffv t < ‘
Methane 0.22 0.12 0.07 0.06
Ethylene 89.6 94.8 %.1 94.6
Ethane 1.34 0.79 0.59 0.57
Propylene 2.44 0.56 0.39 0.37
Propane 148 0.16 0.03 0.01
Butylene 275 202 2.35 317

~ Butane 2.14 155 145 125

Ollcgmposm?n (wt%) & all-
Xygenate ',
cotound 6 B34 132

Non-aromatic 138 5.8 0.17 021
Benzene 29.0 10.7 9.62 342
Toluene 0 0 0 0
0-Xylene : ! ! !
m-Xylene i 1281 i 012
E-Xylene ! 22.3 ! !

Ethylbenzene 0 0.69 0 0

C9 Aromatics i i i 0.239

C10+ Aromatics 131 0 46.8 5.8

Petroleum fraction %, i * oo
Gasoline 821 69.2 87.3 1
Kerosene 9.17 235 501 16.9
(as oil 5.23 4.12 447 4,59
LVGO 061 1.24 0.84 0.46

HVGO 0 0 0 0



Table A10 Gas and Qil Compositions from Using 5 wt% antimony oxide doped-
SAPO-34 calcined at temperature 700 °c as a Catalyst as a function oftime on
stream

Catalyst ShSA34  5ShSA34 5ShSA34  5ShSA34

Time-on-Stream 180 300 480
(mln) 60 =
Ethanol conversion (%) ISW 1® ¢
9.1 " 97 7 98.6 98.4
Gas yield 84 . B9 720

I\IIEXtr?Ctedonlylele 0.44 0.53 0.87 §6228
on 1quia on yie 1.20 202 :
Gas coﬂnposmon {06) » f@b&“ﬁ

EM-
Methane 5% yg 0.04
Ethylene 81.1 941 959 95.9
Ethane 1.64 0.85 0.5 0.53
Propylene 417 0.1 0.34 0.32
Propane 245 0.12 0.02 0.01
Butylene 2.35 2.28 185 1.96
~ Butane 193 178 1.26 127
Ol cgmposmgn () iiillwmstws!
Xy(enate
onpoung 8580 1 729 96
Non-aromatic 0 0 0.69 !
Benzene 135 150 265 104
Toluene 0 0 ! !
O-Xylene 0 0 ! 0
m-Xylene 0 0 ! i
ﬁXerne 0 0 ! !
Ethylbenzene 0 0 : !
C9 Aromatics 0 0 ! !
310+Aromatics : : 0 :
Petroleum fraction (\vte) I pgmng
Gasoline 9038 929 78.8 795
Kerosene 0.90 2.99 6.97 847
Gas oil 1.21 150 9.46 8.96
LVGO 0.30 0.38 1.26 114

HVGO 0

o

0 0



Table Al Gas and Qil Compositions from Using 7 wt% antimony oxide doped-
SAPO-34 calcined at temperature 700 °c as a Catalyst as a function of time on
stream

Catalyst 1ShSA34  TShSA34  TShSA34  TSHhSA34

Time-on-stream 50 190 200 480

min
Ethanol(conzlersion (%) 13111111
o %4 97.? %.1 97.9
Product distribution (wt%g jostil
(as yield 53 89.0 715 ;167

Extracted oil yield 047 0.42 0.55 1.5
Non |IqU|d ol y|9|d 478 10,6 22.0, 21.8

Gas composition (%) | Y%y o
Methane % 0.03 003 0.07
Ethylene 93.6 95.4 %.1 94.9
Ethane 101 056 1045 0.78
Propylene 160 0.34 031 0.30
Propane 0.85 0.01 0.01 0.02
Butylene 155 2.14 1.76 324

_ Butanq 121 148 13 0.72
Oil cgmposm?n (wt%) y
Xygenate
N o498 LU TIS
Non-aromatic 14 3.3 45.1 176
Benzene 0 149 204 4.86
Toluene 0 0 0 0
O-Xylene 0 0 0 0
m-Xylene ! 0 - ! i
E-Xylene 0 0 0 0
Et beenze_ne 0 0 0 0
C9 Aromatics 0 i 0 o
C10+ Aromatics ! ! ! o

Petroleum fraction ( t%) o4 - P
Gasoline 9.9 9.2 9.5 91.2
Kerosene 101 2.69 4.28 4.14
Gas ol 115 175 193 163
LVGO 0.32 012 0.44 041

HVGO 0 0 0 0



Appendix B Species and Surface Composition on Unsupported Catalysts

Table BL Species of Tin on Fresh and Spent 0, SnO and Sn0:

Composition (%)
Name F h 'OH +4 +2
< [€S 0 0 0
Metallic tin Soent 87 :
510 Fresh 4 0 93
Spent 4 0 %3
Sn0 Fresh 3 97 0
© Spent 9 89 :
Table B2 Species of Tin on Fresh and Spent Sb°, Steos and Steos
Composition (%)
Name L S0H0 e s,
- Ies 0 0 49
Metallic Sb Spent : 0 b
5,0 Fresh 0 38 62
% Spent : 46 5

Fresh 22 8 0
005 gt 3 (R

97



9%

Appendix ¢ Species and Surface Composition on Supported Catalysts

Table CI Speciesof Tin and Composition on 5 wt% Tin Oxide-Doped SAPO-34

Calcined at temperature 400 °c

o
5SNSAP034"-400 Composition (%)

+4 0
Fresh 14 86 0
60 min 62 38 0
180 min 19 58 23
300 min 16 62 22
480 min 0 47 53

Table C2 Speciesof Tin and Composition on 7 wt% Tin Oxide-Doped SAPO-34

Calcined at temperature 400 °C

N\
7SNSAP034-400 Composition (%)

+4 0

Fresh 22 78 0
60 min 0 39 61
180 min 0 63 37
300 min 0- 36 67
480 min 0 81 19

Table C3 SpeciesofAntimony and Composition on 5 wt% Antimony Oxide-Doped
SAPO-34 Calcined attemperature 400 °C

i 0
5SbSAPO34-400  Compostion(%)

Sh+s Sh+3.
Fresh 54 46
60 min 40 60
180 min 56 44
300 min 63 37

480 min 52 48



9%

Table C5 Species of Antimony and Composition on 7 wt% Antimony Oxide-Doped
SAPO-34 Calcined at temperature 400 °C

TShSAP034-400

Fresh
60 min
180 min
300 min
480 min

Table C6 Species of Tin and Composition on 5 wt% Tin Oxide-Doped SAPO-34

Calcined at temperature 700 °c

5SnSAP034-700

Fresh.
60 min
180 min
300 min
480 min

Table C7 Species of Tinand Composition on 7 wt% Tin Oxide-Doped SAPO-34

Calcined at temperature 700 °C

5SnSAP034-700

Fresh
60 min
180 min
300 min
480 min

-OH

20
15

-OH
61

o o o o

41
40
30
34

-29

+4

0
1
17
32
15

+4

0
22
25
33
32

Compostion(%)

Sh+s Sh+3

59
60
70
66
1

Compostion(%)

80

0
0
0
0

Compostion(%)

+2
39

0
4
83
68
85

8
75
67
67



100

Table C8 Species of Antimony and Composition on 5 wt% Antimony Oxide-Doped

SAPO-34 Calcined at temperature 700 °c

Compostion(%)

5ShSAP034-700

Fresh
60 min
180 min
300 min
480 min

Table C9 Speciesof Antimony and Composition on 7

SAPO-34 Calcined at temperature 700 °C

Compostion(%)

TShSAP034-700

Fresh
60 min
180 min
300 min
480 min

Sh+5

65
34
27
50
59

Sh+s

30
39
46
43
51

Sh+3

35
66
13
50
41

Sh+3

70
61
54
57
49

t% Antimony Oxide-Doped



CURRICULUM VITAE

Name: Ms. Uruya Chinniyomphanich
Date of Birth: October 17, 1989
Nationality: Thai

University Education:

2012-2014 Bachelor Degree of Engineering (Petrochemicals and
Polymeric Materials), Sirindhom International Institute of Technology (SUT),
Thammasart University, Pathum Thani, Thailand
Work Experience:

20010 Position: Studentinternship

Company name: PTTGC

Proceedings:

1. Chinniyomphanich, .; and Jitkamka, . (2014, April 23) Investigation of
Different Oxidation States of Tin Oxide for Catalytic Dehydration of Bio-Ethanol.
Proceedings of The 5th Research Symposium on Petrochemical and Materials
Technology and The 20th PPC Symposium on Petroleum. Petrochemicals, and
Polymers, Bangkok, Thailand.

2. Chinniyomphanich, .; and Jitkamka, . (2014, August 23- 27) Metallic - and
Sno2-doped SAPO-34 as model catalysts for investigating the effect of oxidation
state on bio-ethanol dehydration products. Proceeding at the 17th Conference
Precess Integration, Modelling and Optimisation for Energy Saving and Pollution
Reduction-(PRES 2014). Prague, Czech Republic.

Publication:
1. Chinniyomphanich, .; and Jitkamka, . (2014) Metallic - and SnC>2-doped
SAPO-34 as model catalysts for investigating the effect of oxidation state on bio-

ethanol dehydration products. Chemical Engineering Transaction 35, In press.



	REFERENCES
	APPENDICES
	Appendix A Gas and Oil Compositions from Using Pure Metal Oxide
	Appendix B Species and Surface Composition on Unsupported Catalysts
	Appendix C Species and Surface Composition on Supported Catalysts

	CURRICULUM VITAE

