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A P P E N D IC E S

A p p e n d ix  A  G as C o m po sitio n  fro m  U sing  O x ide-D o ped  S A P O -34

T ab le  A1 Gas composition from using SAPO-34 catalyst as a function of time on 
stream

Component
Composition (wt%)

@ 120 
min

@ 240
min

@ 360
min

@ 420
min

Methane 0.07 0.04 0.04 0.04
Ethylene 98.14 98.73 98.78 98.91
Ethane 0.81 0.45 0.33 0.38

Propylene 0.24 0.20 0.19 0.19
Propane 0.02 0.01 0.01 0 01
Butylene 0.29 0.22 0.23 0.19
Butane 0.43 0.34 0.41 0.28
Total 100 100 100 100

T a b le  A2 Gas composition from using 3% Ge in GeÛ2/SAPO-34 catalyst as a 
function of time on stream

Component
Composition (wt%)

@ 120 
min

@ 240
min

@ 360
min

@ 480
min

Methane 0.50 0.32 0.16 0.13
Ethylene 81.30 93.01 97.64 98.26
Ethane 0.25 1.29 0.61 0.50

Propylene 1.57 3.78 1.06 0.70
Propane 14.34 1.39 0.38 0.23
Butylene 0.45 0.05 0.05 0.06
Butane 1.60 0.16 0.11 0.11
Total 100 100 100 100
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T a b le  A 3  Gas composition from using 5% Ge in G e02/SAP0-34 catalyst as a
function of time on stream

Component
Composition (พt%)

@ 240
min

@ 360
min

@ 420
min

@ 480
min

Methane 0.44 0.27 0.22 0.24
Ethylene 81.52 94.33 96.58 97.00
Ethane 2.05 1.08 0.83 0.82

Propylene 9.21 2.79 1.45 1.12
Propane 6.14 1.21 0.59 0.43
Butylene 0.13 0.08 0.09 0.11
Butane 0.51 0.24 0.24 0.29
Total 100 100 100 100

T ab le  A4 Gas composition from using 3% Ga in Ga203/SAP0-34 catalyst as a 
function of time on stream

Component
Composition (wt%)

@ 120 
min

@ 240
min

@ 360
min

@ 480
min

Methane 0.23 0.22 0.21 0.14
Ethylene 91.62 90.83 91.22 92.69
Ethane 1.42 0.98 1.24 0.73

Propylene 1 19 1.66 1.53 0.93
Propane 0.20 0.42 0.05 0.04
Butylene 3.04 2.65 2.27 2.62
Butane 2.28 3.24 3.48 2 84
Total 100 100 100 100
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T a b le  A 5  Gas composition from using 5% Ga in Ga2 0 3 /SAP0 - 3 4  catalyst as a
function of time on stream

Component
Composition (wt%)

@ 120 
min

@ 240
min

@ 360
min

@ 480
min

Methane 0.50 0.43 0.24 0.15
Ethylene 78.27 78.18 78.11 85.49
Ethane 2.45 1.74 1.03 0.62

Propylene 6.74 7.54 5.13 3.34
Propane 0.52 0.12 0.05 0.03
Butylene 6.06 6.12 9.17 6.10
Butane 5.46 5 87 6.26 4.27
Total 100 100 100 100

T a b le  A6 Gas composition from using 3% รท in Sn02/SAP0-34 catalyst as a 
function of time on stream

Component
Composition (wt%)

@ 120 
min

@ 240
min

@ 360
min

@ 480
min

Methane 2.22 1.47 1.60 1.53
Ethylene 82.28 81.30 85.29 85.40
Ethane 8.13 4.78 7.80 7.74

Propylene 5.18 10.84 4.02 4.10
Propane 0.43 1.06 0.14 0.09
Butylene 0.84 0.13 0.62 0.64
Butane 0.92 041 0.54 0.50
Total 100 100 100 100
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T a b le  A  7 Gas composition from using 5% รท in Sn02/SAP0-34 catalyst as a
function of time on stream

Component
Composition (wt%)

@ 120 
min

@ 240
min

@ 360
min

@ 480
min

Methane 1.06 1.52 0.90 0.65
Ethylene 63.88 60.66 79.69 86.78
Ethane 3.42 4.51 2.24 1.78

Propylene 921 15.26 10.61 5.53
Propane 18.79 15.07 2.69 1.86
Butylene 0.61 0.58 1.31 1.26
Butane 3.03 2.41 2.55 2.14
Total 100 100 100 100

T a b le  A8 Gas composition of 3% Sb in Sb2Û3/SAPO-34 catalyst as a function of 
time on stream

Component
Composition (พt%)

@ 120 
min

@240
min

@ 360
min

@ 480
min

Methane 1.05 1.43 0.66 0.57
Ethylene 86.74 82.45 90.31 90.98
Ethane 5.59 8.57 3.82 3.44

Propylene 1.98 2.64 1.73 1.71
Propane 0.19 0.85 0.08 0.06
Butylene 1.99 1.83 1.56 1.50
Butane 2.46 2.25 1.84 1.74
Total 100 100 100 100
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T a b le  A9 Gas composition of 5% Sb in Sb20 3/SAP0-34 catalyst as a function of 
time on stream

Component
Composition (wt%)

@ 120 
min

@ 240
min

@ 360 
min

@ 480
min

Methane 0.55 0.37 0.14 0.11
Ethylene 92.69 93.28 95.93 96.14
Ethane 2.95 1.57 0.86 0.71

Propylene 2.21 3.40 2.62 2.61
Propane 0.49 0.06 0 01 0.01
Butylene 0.38 0.48 0.22 0.22
Butane 0.74 0.84 0.22 0.20
Total 100 100 100 100
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A p p e n d ix  B G as C om po sitio n  fro m  U sing K O H -T re a te d  H Z S M -5  as C a ta ly s ts

T a b le  B1 Gas composition from using HZSM-5 catalyst as a function of time on 
stream

Component
Composition (พt%)

@ 60
min

@ 120 
min

@ 180 
min

@240
min

@ 300
min

@ 360
min

@420
min

Methane 2.87 2.85 2.78 2.68 2.43 2.31 2.23
Ethylene 81.42 81.68 81.71 81.76 81.72 81.64 81.97
Ethane 5.56 5.42 5.37 5.37 5.12 5.03 4.92

Propylene 0.56 0.56 0.58 0.60 0.61 0.63 0.64
Propane 6.05 5.97 6.02 6.00 6.10 6.11 5.99
Butylene 0.15 0.15 0.15 0.16 0.17 0.18 0.18
Butane 3.39 3.37 3.38 3.45 3.85 4.09 4.06
Total 100 100 100 100 100 100 100

T a b le  B2 Gas composition from using 0.1 M KOH-treated HZSM-5 catalyst as a 
function of time on stream

Component
Composition (wt%)

@ 60 
min

@ 120 
min

@ 180 
min

@240
min

@ 300
min

@ 360
min

@420
min

Methane 1.81 2.18 2.19 2.74 2.18 1.52 1.45
Ethylene 82.18 76.73 77.76 73.33 78.71 84.55 86.03
Ethane 10.54 14.19 13.72 15.72 12.11 8.77 8.12

Propylene 2.51 2.44 2.60 3.49 3.07 2.29 2.20
Propane 0.62 1.76 1.07 1.71 0.98 0.71 0.39
Butylene 0.73 0.81 0.79 0.83 0.92 0.68 0.58
Butane 1.61 1.98 1.87 2.18 2.02 1.48 1.24
Total 100 100 100 100 100 100 100
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T a b le  B 3  Gas composition from using 0.5 M KOH-treated HZSM-5 catalyst as a
function of time on stream

Component
Composition (wt%)

@ 60 
min

@ 120 
min

@ 180 
min

@ 240
min

@ 300 
min

@ 360 
min

@420
min

Methane 2.93 3.02 3.27 3.49 2.69 2.50 2.46
Ethylene 73.14 70.72 68.18 63.06 75.57 77.56 78.89
Ethane 21.27 23.39 25.04 28.99 19.31 17.63 16.46

Propylene 1.19 1.28 1.63 2.18 1.09 1.05 1.02
Propane 0.25 0.29 0.33 0.34 0.25 0.22 0.22
Butylene 0.21 0.22 0.28 0.41 0.18 0 18 0.16
Butane 1.02 1.09 1.27 1.53 0.91 0.86 0.80
Total 100 100 100 100 100 100 100

T a b le  B4 Gas composition from using 0.9 M KOH-treated HZSM-5 catalyst as a 
function of time on stream

Component
Composition (wt%)

@ 60 
min

@ 120 
min

@ 180 
min

@ 240
min

@ 300
min

@360
min

@420
min

Methane 0.72 0.55 0.50 0.50 0.43 0.41 0.40
Ethylene 89.76 92.54 93.65 94.27 95.04 95.48 95.75
Ethane 7.58 5.49 4.56 3.71 3.40 3.01 2.73

Propylene 0.95 0.72 0.68 0.83 0.62 0.61 0.62
Propane 0.18 0.14 0.13 0.15 0.11 0.10 0.11
Butylene 0.26 0 18 0.16 0.19 0.13 0.13 0.13
Butane 0.54 0.37 0.33 0.35 0.28 0.26 0.26
Total 100 100 100 100 100 100 100
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A P P E N D IX  c  P ro d u c t  D is tr ib u tio n  from  u sin g  O xides L o a d e d  on S A P O -34 as 
a C a ta ly s t

Table C l Product distribution and product yields from using germanium oxide 
loaded on SAPO-34 as a catalyst

C a ta ly s t SA34 3G eSA 34 5G eSA 34
Ethanol conversion (wt %) 93.7 96.8 96.7
Feed ethanol (ml/hr) 1.97 1.97 1.97
Feed ethanol (g) 11.05 12.62 12 62
Converted ethanol (g) 10.36 12.20 12.20
Converted ethanol (g/h) 1.48 1.53 1.53

Product distribution (g)
Total gas 7.65 11.20 10.83
Total extracted oil 0.00 0.42 0.52
Total liquid* 3.40 1.01 1.27

Product yield (wt %)
Gas yield 69.22 88.68 85.79
Extracted oil yield 0.00 3.32 4.14
Liquid yield 30.78 8.00 10.06

* Water and chemical dissolved in water
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T a b le  C2 Product distribution and product yields from using gallium oxide loaded
on SAPO-34 as a catalyst

C a ta ly s t SA34 3G aSA 34 5G aSA 34
Ethanol conversion (wt %) 93.7 97.1 96.9
Feed ethanol (ml/hr) 1.97 1.97 1.97
Feed ethanol(g) 11.05 12.62 12.62
Converted ethanol (g) 10.36 12.26 12.26
Converted ethanol (g/h) 1.48 1.53 1.53

Product distribution (g)
Total gas 7.65 10.67 9.78
Total extracted oil 0.00 0.41 1.11
Total liquid* 3.40 1.54 1.74

Product yield (wt %)
Gas yield 69.22 84.50 77.45
Extracted oil yield 0.00 3.29 8.79
Liquid yield 30.78 12.21 13.76

* Water and chemical dissolved in water
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T a b le  C3 Product distribution and product yields from using tin oxide loaded on
SAPO-34 as a catalyst

C a ta ly s t SA34 3SnSA 34 5SnSA 34
Ethanol conversion (wt %) 93.7 96.8 96.9
Feed ethanol (ml/hr) 1.97 1.97 1.97
Feed ethanol (g) 11.05 12.62 12.62
Converted ethanol (g) 1036 12.26 12.26
Converted ethanol (g/h) 1.48 1.53 1.53

Product distribution (g)
Total gas 7.65 10.77 9.76
Total extracted oil 0.00 0.22 0.35
Total liquid* 3.40 1 63 2.52

Product yield (wt %)
Gas yield 69.22 85.33 77.29
Extracted oil yield 0.00 1.72 2.74
Liquid yield 30.78 12.95 19.97

* Water and chemical dissolved in water
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T a b le  C4 Product distribution and product yields from using antimony oxide loaded 
on SAPO-34 as a catalyst

C a ta ly s t SA34 3SbSA 34 5SbSA 34
Ethanol conversion (wt %) 93.7 96.8 96.9
Feed ethanol (ml/hr) 1.97 1.97 1.97
Feed ethanol (g) 11.05 12.62 12.62
Converted ethanol (g) 10.36 12.26 12 26
Converted ethanol (g/h) 1.48 1.53 1.53

Product distribution (g)
Total gas 7.65 11.13 9.83
Total extracted oil 0.00 0.35 1.07
Total liquid* 3.40 1.14 1.72

Product yield (wt %)
Gas yield 69.22 88.15 77.88
Extracted oil yield 0.00 2.79 8.51
Liquid yield 30.78 9.06 13.61

* Water and chemical dissolved in water



74

A P P E N D IX  D P ro d u c t D is trib u tio n  fro m  U sing K O H -T re a te d  H Z S M -5  as a 
C a ta ly s t

T a b le  D1 Product distribution and product yields from using KOH-Treated HZSM- 
5 as a catalyst

C a ta ly s t H Z5 0.1M
K O H /H Z 5

0.5M
K O H /H Z 5

0.9M
K O H /H Z 5

Ethanol conversion (wt %) 93.96 96.29 96.72 96.95
Feed ethanol (ml/hr) 1.97 1.97 1.97 1.97
Feed ethanol (g) 11.05 11.05 11.05 11.05
Converted ethanol (g) 10.38 10.64 10.68 10.71
Converted ethanol (g/h) 1.48 1.52 1.53 1.53

Product distribution (g)
Total gas 7.85 6.77 6.31 6.78
Total oil 1.27 1.36 101 0.36
Total liquid* 1.92 2.92 3.73 3.90

Product yield (wt %)
Gas yield 71.10 61.26 57.08 61.37
Oil yield 11.48 12.31 9.11 3.30
Liquid yield 17.42 26.42 33.81 35.33

* Water and chemical dissolved in water



A P P E N D I X  E  T r u e  B o i l in g  P o in t  C u r v e s

Table El True boiling point curves of oil from using germanium oxide-doped 
SAPO-34 as a catalyst

%OFF Boiling point (°C)
3GeSA34 5GeSA34

0 50.9 51.1
5 52.0 52.6

1 0 53.1 53.7
15 54.1 54.8
2 0 55.2 55.9
25 56.3 56.9
30 57.4 58.0
35 58.4 59.1
40 59.5 60.1
45 606 61.2
50 61.7 62.3
55 62.7 63.4
60 63.8 64.4
65 64.9 65.9
70 65.9 91.1
75 67.0 163.0
80 6 8 . 1 223.6
85 69.2 246.9
90 70.2 250.4
95 100.4 327.1

1 0 0 458.8 500.0

Boiling point (°C)
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T a b le  E 2  True boiling point curves of oil from using gallium oxide-doped SAPO-34
as a catalyst

%OFF Boiling point (°C)
3GaSA34 5GaSA34

0 50.9 49.6
5 52.0 50.9

1 0 53.1 52.0
15 54.1 53.1
2 0 55.2 54.1
25 56.3 55.2
30 57.4 56.3
35 58.4 57.4
40 59.5 58.4
45 60.6 59.5
50 61.7 60.6
55 62.7 61.7
60 63.8 62.7
65 64.9 63.8
70 65.9 64.9
75 67.0 65.9
80 6 8 . 1 67.0
85 73.5 6 8 . 1
90 101.5 69.2
95 107.8 71.1

1 0 0 173.2 326.5

0
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T a b le  E 3  True boiling point curves of oil from using tin oxide-doped SAPO-34 as a
catalyst

%OFF Boiling point (°C)
3SnSA34 5SnSA34

0 49.4 49.8
5 50.5 51.1

1 0 51.6 52.4
15 53.1 53.5
2 0 54.1 54.6
25 55.2 55.6
30 56.3 56.7
35 57.4 57.8
40 58.4 58.9
45 59.5 59.9
50 60.6 61.0
55 61.7 62.1
60 62.7 63.2
65 63.8 64.2
70 64.9 65.3
75 65.9 66.4
80 67.0 67.5
85 6 8 . 1 68.5
90 69.2 69.6
95 70.2 74.8

1 0 0 303.4 533.6

B o i l in g  p o in t  ( ° C )
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T a b le  E 4  True boiling point curves of oil from using antimony oxide-doped SAPO-
34 as a catalyst

%OFF Boiling point (°C)
3SbSA34 5SbSA34

0 52.4 51.1
5 55.0 52.8

1 0 56.5 54.6
15 57.6 55.6
2 0 58.6 56.7
25 59.7 57.8
30 60.8 58.9
35 61.9 59.9
40 62.9 61.0
45 64.0 62.1
50 65.1 63.2
55 6 6 . 2 64.2
60 67.2 65.3
65 68.3 66.4
70 69.4 67.5
75 70.5 68.5
80 71.5 69.6
85 72.6 70.7
90 73.7 71.7
95 74.8 103.1

1 0 0 213.5 210.7
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Table E5 True boiling point curves of oil from using KOH-treated HZSM-5 
catalysts

%OFF
Boiling point (°C)

HZ5 0.1M
KOH/HZ5

0.5M
KOH/HZ5

0.9M
KOH/HZ5

0 70.4 55.7 55.6 55.1
5 71.8 56.6 56.6 56.4

1 0 72.6 57.1 57.1 57.0
15 73.2 57.7 57.7 57.5
2 0 98.0 58.2 58.2 58.1
25 99.1 58.7 58.7 58.6
30 99.8 59.2 59.2 59.1
35 100.3 59.8 59.8 59.8
40 100.7 60.3 60.3 60.5
45 1 0 1 . 1 60.8 60.8 61.4
50 101.5 80.1 61.4 62.0
55 101.9 99.6 61.9 62.5
60 1 0 2 . 2 128.8 62.4 63.1
65 102.5 163.7 6 8 . 0 63.6
70 126.4 190.9 145.0 64.1
75 127.3 192.0 210.7 64.7
80 128.0 192.4 211.5 65.2
85 130.7 209.9 213 3 65.7
90 156.5 2 1 1 . 1 249.5 6 6 . 6
95 192.0 233.1 408.8 211.9

1 0 0 234.4 387.0 463.3 304.8

B o i l in g  p o in t  (°C)



A p p e n d ix  F  M a t e r ia l  S a fe ty  D a ta  S h e e t o f  S A P O -3 4

** Section 1 -  CHEMICAL PRODUCT AND COMPANY IDENTIFICATION *

MSDS Name: Zeolite
Catalog Numbers: CTF-01-50, CTF-02, CTF-03, CTF-03F, CTF-04, CTF-04s, 

CTF-05
Synonyms: MOLECULAR SIEVE, ALUMINOSILICATE, SILICO- 

ALUMINO-PHOSPHATE, SILICA, ALUMINA
Company: Tianjin Chemist Scientific Ltd.
Address: l-C-8 , No. 13 Ziyuan Road, Huayuan Industry Park, Tianjin 

300384, China
Telephone: 0086-22-58627636
Fax: 0086-22-58627636

** Section 2 -  COMPOSITION, INFORMATION ON INGREDIENTS **

Cas# Chemical Name EINECS#
1318-02-1 ZEOLITE 215-283-8

Hazard Symbols: None listed.
Risk Phrases: None listed.

** Section 3 -  HAZARDOUS IDENTIFICATION **

EMERGENCY OVERVIEW 
Hygroscopic (absorbs moisture from the air).
Potential Health Effects
Eye:
Skin:

May cause eye irritation. 
May cause skin irritation.
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Ingestion: The toxicological properties of this substance have not been fully 
investigated. May be harmful if  swallowed.

Inhalation: May cause respiratory tract irritation. The toxicological properties of 
this substance have not been fully investigated.

Chronic: Not available.

** Section 4 -  FIRST AID MEASURES **

Eyes: Flush eyes with plenty of water for at least 15 minutes, occasionally 
lifting the upper and lower eyelids. Get medical aid.

Skin: Get medical aid. Flush skin with plenty of water for at least 15 
minutes while removing contaminated clothing and shoes.

Ingestion:
Inhalation:

Get medical aid. Wash mouth out with water.
Remove from exposure and move to fresh air immediately. If not 
breathing give artificial respiration. If breathing is difficult, give 
oxygen. Get medical aid.

** Section 5 -  FIRE FIGHTING MEASURES **

General Information: As in any fire, wear a self-contained breathing apparatus in
pressure-demand, SHA/NIOSH (approved or equivalent), and 
full protective gear.

Extinguishing Media: Use extinguishing media most appropriate for the
surrounding fire.

** Section 6  -  ACCIDENTAL RELEASE MEASURES **

General Information: Use proper personal protective equipment as indicated in

Spills/Leaks:
Section 8

Vacuum or sweep up material and place into a suitable 
disposal container.
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** Section 7 -  HANDLING AND STORAGE **

Handling: A void breathing dust, vapour mist, or gas. Avoid contact with skin
and eyes. Take precautionary measures against static discharges. 

Storage: Store in a cool, dry place. Store in a tightly closed container.

** Section 8  -  EXPOSURE CONTROLS, PERSONAL PROTECTION **

Engineering Controls: Use adequate ventilation to keep airborne concentrations low. 
Personal Protective Equipment
Eyes: Wear appropriate protective eyeglasses or chemical safety goggles as

described by OSHA’s eye and face protection regulations in 29 CFR 
1910.133 European Standard EN 166.

Clothing: Wear appropriate protective clothing to prevent skin exposure.
Respirators: Follow the OSHA respirator regulations found in 29 CFR 1910.134

European Standard EN 149. Always use a NIOSH or European 
Standard EN 149 approved respirator when necessary.

** Section 9 -  PHYSICAL AND CHEMICAL PROPERTIES **

Physical State:
Color:
Odor:
pH:
Vapor Pressure:
Viscosity:
Boiling Point: 
Freezing/Melting Point: 
Autoignition Temperature: 
Flash Point:

Powder
White
Odorless or slight odor 
Not available.
Not available.
Not available.
Not available.
Not available.
Not available.
Not available.
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Explosion Limits, lower: Not available.
Explosion Limits, upper: Not available.
Decomposition Temperature:
Solubility in water: insoluble
Specific Gravity/Density:
Molecular Formula:
Molecular Weight:

** Section 10 -  STABILITY AND REACTIVITY **

Chemical Stability:
Conditions to Avoid:

Incompatibilities with Other Materials:

Hazardous Decomposition Products: 
Hazardous Polymerization:

Not available.
Incompatible materials, dust generation, 
exposure to moist air or water.
Strong acids, strong bases, hydrogen 
fluoride.
Not available.
Has not been reported.

** Section 11 -  TOXICOLOGICAL INFORMATION **

RTECS#:
LD50/LC50:
Carcinogenicity:

Unlisted.
Not available.
MOLECULAR SIEVES -  Not listed by ACGIH, IARC, 
NIOSH, NTP, or OSHA.

** Section 12 -  ECOLOGICAL INFORMATION **

See actual entry in RTECS for complete information.
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** Section 13 -  DISPOSAL CONSIDERATIONS **

Dispose of in a manner consistent with federal, state, and local regulations.

** Section 1 4 - TRANSPORT INFORMATION **

IATA: Not regulated as a hazardous material.
IMO: Not regulated as a hazardous material.
RID/ADR: Not regulated as a hazardous material.
DOT: Non-Hazardous for Transport: This substance is considered to be non-

hazardous for transport.

** Section 15 -  REGULATORY INFORMATION **

European/International Regulations
European Labeling in Accordance with EC Directives 

Hazard Symbols: Not available.
Risk Phrases:
Safety Phrases: S24/25 Avoid contact with skin and eyes.

WGK (Water Dander/Protection)
No information available.

United Kingdom Occupational Exposure Limits 
United Kingdom Maximum Exposure Limits 
Canada

None of the chemicals in this product are listed on the DSL/NDSL 
list.
Not listed on Canada’s Ingredient Disclosure List.
Exposure Limits 

US FEDERAL 
TSCA

Not listed on the TSCA inventory.
It is for research and development use only.
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Section 16 -  ADDITIONAL INFORMATION **

The information above is believed to be accurate and represent the best 
information currently available to US. However, we make no warranty of 
merchantability or any other warranty, express or implied, with respect to such 
information, and we assume no liability resulting from its use. Users should make 
their own investigations to determine the suitability of the information for their 
particular purposes. In no way shall the company be liable for any claims, losses, or 
damages of any third party or for lost profits or any special, indirect, incidental, 
consequential or exemplary damages, howsoever arising, even if the company has 
been advised of the possibility of such damages.
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