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APPENDICES

Appendix A Gas and Oil Compositions from Using Pure Metal Oxide

Table A1 Gas and Oil Compositions from Using Metallic Tin and Tin Oxides with 
Different Oxidation States as a Catalyst

Catalyst NonCat SnO SnO Sn02
Ethanol conversion (%)

97.4
5  ไ |#r ' ‘5'*- TC '

97.8 98 8

Product distribution (wt%)
Gas yield 97.0 97.7 97.7 97.6

'Extracted oil yield 0.32 0.71 0.71 0.71
Non liquid oil yield 2.64 1.62 1.58 1.73
Gas composition (wt%) llllpiffll; V . -.V-Jjjgjgg'  ̂t ” •>

Methane 0 . 0 1 0 . 0 2 o i l 0.05
Ethylene 97.2 90.9 90.4 90.9
Ethane 0.57 0 . 6 6 1 . 0 0 0 . 8 6

Propylene 0 . 2 1 0.53 0.64 0.42
Propane 0 . 0 0 0 . 0 1 0 . 0 1 0 . 0 1

Butylene 1.87 6.77 7.49 7.33
Butane 0.18 1.09 0.36 0.48

Oil composition (wt%) :'เ^ฟ^?^—' ’ พ  ̂ **-,ll̂ A  ̂ร - ^ < 7 ^  ; / Ï
Oxygenate
compound 1 0 0 20.9 73.7 25.9

Non-aromatic 0 15.0 2 . 0 27.0
* Benzene 0 64.1 24.2 47.1

Toluene 0 0 0 0

O-Xylene 0 0 0 0

m-Xylene 0 0 0 0

p-Xylene 0 0 0 0  -
Ethylbenzene 0 0 0 0

C9 Aromatics 0 0 0 0

C10+ Aromatics 0 0 0 0

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



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

Sb203 Sb205Catalyst NonCat SbO
Ethanol conversion (%)

Product distribution (wt%)
Gas yield 97.0 97.8 97.9

Extracted oil yield 0.32

2 - 6 4

0.67 0.67

Methane 0 . 0 1

Ethylene 97.2
- Ethane 0.57
Propylene 0 . 2 1

Propane 0 . 0 0

Butylene 1.87
Butane 0.18

composition (wt°/ogggia§§§

-0.04
8 8 . 2

0 . 8 6

0.53
0 . 0 1

9.34
1.06

92.7
0 . 6 8

0.38
0 . 0 1

5.41
0.76

|f|§ § |||

97.7 
0.67 
1.59

S h i
0.03 
89.6 
0.69 
0.64 
0.01 
7.81

uxygenaie
compound 1 0 0  - 57.0 83.3 1 . 0 0

Non-aromatic 0 6.92 3.81 19.0
Benzene 0 36.1 1 2 . 8 81.0
Toluene 0 0 0 0

O-Xylene 0 0 0 0

m-Xylene 0 อ- 0 0

p-Xylene 0 อ 0 0

Ethylbenzene 0 0 0 0

C9 Aromatics 0 0 0 0

C10+ Aromatics 0 0 0 0

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



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
Time-on-stream

(min) 60 180 300 480
Ethanol conversion (%)

96.4 97.9 98.1 97.9
Product distribution (wt(ร*) พ ^ ^'■ ร:'^^'^^^''.

Gas yield 92.4 8 8 . 0 80.1 6 8 . 6

Extracted oil yield 1 . 2 1.4 1 . 8 2 . 0

Non liquid oil yield 6.37 10.7 18.1 29.4
Gas composition (wt%) "7 บฺ 1 1 * 1 1

Methane 0.18 0.19 0.19 0.08
Ethylene 92.0 93.2 93.3 95.6
Ethane 1.44 1.09 1 . 1 1 0.64

Propylene 2.61 1.72 1.38 0.44
Propane 0.58 0.59 0.38 0.06
Butylene 1.80 1.83 2 . 0 2 1.98
Butane 1.39 1.41 1.58 1.26

Oil composition (พt%)
Oxygenate
compound 44.5 19.2 56.0 52. f

Non-aromatic 0 2.94 0 0

Benzene 53.5 73.3 38.7 37.2
Toluene 0 0 0 0

O-Xylene 0 0 0 0

m-Xylene 0 0 0 0

p-Xylene 0 0 0 0

Ethylbenzene 0 0 0 0

C9 Aromatics 0 0 0 0

c  10+ Aromatics 0 4.57 5.28 10.76
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Table A4 Gas and Oil Compositions from Using 5 wt% tin oxide doped-SAPO-34
calcined at temperature 400 °c as a Catalyst as a function of time on stream

Catalyst 5SnSA34 5SnSA34 5SnSA34 5SnSA34
Time-on-stream

(min) 60 180 300 480
Ethanol conversion ( Ipl รุเแ

97.1 97.8 97 8 98.3
Product distribution (wt%) ig § J§ tf ! ggjglljgpK

Gas yield 95.8 92.6 78.0 61.7
Extracted oil yield 0.85 0.89 1.39 1.95

Non liquid oil yield 3.32 6.53 2 0 . 6 36.3
Gas composition (wt%)

Methane 0.43 0 . 1 2 0  06 0.04
Ethylene 78.2 93.9 94.8 94.7
Ethane 1 . 6 6 0.65 0.45 0.39

Propylene 9.78 1.17 053 0.53
Propane 4.61 0.15 0 . 0 2 0 . 0 1

Butylene 2.89 2.32 2.67 3.03
Butane 2.40 1.74 1.52 1.34

Oxygenate
compound

แ
46.7 58.8 81.1 73.7

Non-aromatic 1.32 1.63 0 . 0 0 1 . 0 0

Benzene 51.9 39.6 18.6 1 1 . 1

Toluene 0 0 0 0

O-Xylene 0 0 0 0

m-Xylene 0 0 0.23 0

p-Xylene Û 0 0 0

Ethylbenzene 0 0 0 0.18
C9 Aromatics - 0 0 0 0

c  10+ Aromatics 0 0 0 14.0
Petroleum fraction (พt%) ;

A v.t '  V** ' ■J
1 If

Gasoline 82.9 90.7 82.1 71.4
Kerosene 4.80 1.36 6.36 14.7
Gas oil 3.98 1.69 6.99 9.89
LVGO 0.54 0.43 0.57 0.50
HVGO 0 0 0 0
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Table A5 Gas and Oil Compositions from Using 7 wt% tin oxide doped-SAPO-34
calcined at temperature 400 ° c  as a Catalyst as a function of time on stream

Catalyst 7SnSA34 7SnSA34 7SnSA34 7SnSA34
T i m e - o n - s t r e a m 60 180 300 480(mm)

Ethanol conversion ( % ) TAAvC. mÊ$.1® I p
98.0 96.4 9 1 .0 97.6

Product distribution (พt%) - ^ Ifร ' - , :
Gas yield 89.1 8 8  1 84.5 83.0

Extracted oil yield 1.93 0.70 1.31 0.77
Non liquid oil yield 8.93 1 1 . 2 14.2 16.2
Gas composition (พt%) l lp l lÿ l l l l -

Methane 0.96 0.27 0.47 0 . 2 2

Ethylene 51.7 88.7 84.7 90.9
Ethane 3.24 0.98 1.18 0.52

Propylene 20.3 2.93 3.71 1.95
Propane 13.45 0.91 0 . 8 6 0 . 1 2

Butylene 5.62 3.52 5.18 3.72
Butane 4.7 2 . 6 6 3.95 2.55

Oil composition (wt%) S l | | | j | § ÿs is & 41 เแแËÊ Ë Ê Ê È ÊËOxygenate 13.4 43.9 9.04 19.3compound
Non-aromatic 0 0 0 0

Benzene 72.0 56.1 60.6 63.6
Toluene 0 0 0 0

O-Xylene 0 0 0 0

m-Xylene 0 0 0 0

p-Xylene 0 0 0 - 0

Ethylbenzene 0 0 0 0

C9 Aromatics 0 0 0  ' 0

C10+ Aromatics 14.5 0 30.3 17.1
Petroleum fraction (wt%H  « 197 : ' :'.?H ร ® ' 'Gasoline 92.2 76.1 75.6 52.2

Kerosene 2.57 8.42 12.3 22.4
Gas oil 1.81 6.89 7.7 21.4
LVGO 0.42 0.55 0.57 0.53
HVGO 0 0 0 0
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Table A6 Gas and Oil Compositions from Using 5 wt% antimony oxide doped-
SAPO-34 calcined at temperature 400 ° c  as a Catalyst as a function of time on
stream

Catalyst 5SbSA34 5SbSA34 5SbSA34 5SbSA34
Time-on-stream 

(min) 60 180 300
lanol conversion (%
93.1 96.7 96.8

480

"97.8

Gas yield 
Extracted oil yield 

Non liquid oil yield

92.72
0.18
7.11

83.73
1.97
14.3

67.78
1.44
30.8

61.91
2 . 1 0

36.0
Gas composition (wt%) ants HI

Methane 0.70 0.19 0 . 1 2 0.13
Ethylene 58.2 91.8 92.5 93.1
Ethane 3.14 1 . 1 0 0.78 0.62

Propylene 17.5 1.05 0 . 6 8 0 . 8 6

Propane 13.8 0 . 2 0 0.06 0 . 0 2

Butylene 3.39 3.27 3.55 4.76
Butane 3.29 2.42 2.32 0.46■■■•• : ; V' ' r füïCompcisition (wt%) m m m m m  ฒ เแ ร i l lOxygenate

compound 7.74 29.8 63.2
Non-aromatic 1.91 1.38 0.17

Benzene 42.2 9.36 3.73
Toluene 0 0 0.16
O-Xylene 0 0 1.52
m-Xylene 0 0 0

p-Xylene 0 0.26 0

Ethylbenzene 0 0 0

C9 Aromatics 0 0 0.08
C 1 0 + Aromatics 48.1 59.2 31.1

6 6 . 2

0.85
12.4 

0  

0  

0  

0

0.18
0

20.4
Petroleum fraction (

Gasoline 77.2 77.6 71.4 56.5
Kerosene 2.49 6.73 9.43 1 1 . 6

Gas oil 6.95 7.51 15.4 27.7
LVGO 0.52 0.52 0.49 0.82
HVGO ' 0 0 0 0
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Table A7 Gas and Oil Compositions from Using 7 พt% antimony oxide doped-
SAPO-34 calcined at temperature 400 °c as a Catalyst as a function of time on
stream

Catalyst 7SbSA34 7SbSA34 7SbSA34 7SbSA34
Time-on-stream - - . -60 . 180 300 480(min)

Ethanol conversion 1[%) ■
95 7 96.8 98.3 98.0

Product distribution (wt%) w m m
Gas yield 91 8 81.0 71.1 61.8

Extracted oil yield 1.42 1 . 2 0 2 . 0 1 0.74
Non liquid oil yield 6.79 17.9 26.9 37.4
Gas composition (พt%) m i If £1

Methane 0.85 0 . 1 0 0.06 0.04
Ethylene 6 6 . 0 94.2 95.8 93.9
Ethane 2.95 0.65 0.49 0.49

Propylene 14.4 0.48 0.35 0.41
Propane 9.94 0.04 0 . 0 2 0 . 0 1

Butylene 3.26 2.84 2.14 3.71
Butane 2.60 1.73 1.15 1.43

Oil composition (พt‘K ) y f p U f i '• §j 1  f
Oxygenate
compound 16.8 28.1 0.44 71.5

Non-aromatic 7.30 1.76 0.40 2.77
Benzene 75.9 16.3 0.99 1 0 . 2

Toluene 0 0 0 0

O-Xylene 0 0 0.034 0

m-Xylene 0 0 0 0

p-Xylene 0 0 0 0

Ethylbenzene 0 0 0 0

C9 Aromatics 0 0 0 0

C10+ Aromatics 0 53.9 98.1 15.5
Petroleum fraction 0vt%) jggg ;i i S S i i H ü ü l ü l

Gasoline 95.8 79.8 43.2 82.4
Kerosene 0.97 15.1 39.4 8.29
Gas oil 1.29 0 13.8 5.87
LVGO 0.33 0 052 0.46
HVGO 0 0 0  * 0
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Table A8 Gas and Oil Compositions from Using 5 wt% tin oxide doped-SAPO-34
calcined at temperature 700 °c as a Catalyst as a function of time on stream

Catalyst 5SnSA34 5SnSA34 5SnSA34 5SnSA34
Time-on-stream 

(min)

Gas yield 
Extracted oil yield 

Non liquid oil yield

Methane 
Ethylene 
Ethane 

Propylene 
Propane 
Butylene 
Butane 
mpositic 

Oxygenate 
compound 

Non-aromatic 
Benzene 
Toluene 
O-Xylene 
m-Xylene 
p-Xylene 

Ethylbenzene 
C9 Aromatics

1.52
42.2

0

0

0

0

0

0

2 . 1 2

55.5

0

0

0

0

0

0

11.7
0

0

0

0

0

0

0

3.4
0

0

0

0

0

0

C10+ Aromatics 0 0 4.72 10.4
Petroleum fraction 0vt%) m W Ê Ê È I&Gasoline 90.3 91.7 8 6 . 2 92.0

Kerosene 1 2.13 5.84 2.84
Gas oil 1.33 2.28 4.37 2.07
LVGO 0.33 0.46 0.48 0.5
HVGO 0 0 0 0
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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 7SnSA34 7SnSA34 7SnSA34
Time-on-stream

(min) 60 180 300 480
Ethanol conversion (%) in !

97.3 9 7 .9 97.9 97.9
Product distribution (wtcฟ ข “ ะ;'

Gas yield 90.3 84.1 78 6 724
Extracted oil yield 0.79 0.77 1.24 1.46

Non liquid oil yield 8 . 8 8 15.1 2 0 . 1 26.1
Gas composition (wt%) ï f f v t  ; < ร'

Methane 0 . 2 2 0 . 1 2 0.07 0.06
Ethylene 89.6 94.8 95.1 94.6
Ethane 1.34 0.79 0.59 0.57

Propylene 2.44 0.56 0.39 0.37
Propane 1.48 0.16 0.03 0 . 0 1

Butylene 2 75 2 . 0 2 2.35 3.17
Butane 2.14 1 55 1.45 1.25

Oil composition (wt%)
Oxygenate 68',  
compound 47.6 43.4

a ■ ■ - 
43.2

Non-aromatic 1.38 5.82 0.17 0 . 2 1

Benzene 29.0 10.7 9.62 3.42
Toluene 0 0 0 0

O-Xylene 0 0 0 0

m-Xylene 0 12.87 0 0 . 1 2

p-Xylene 0 22.3 0 0

Ethylbenzene 0 0.69 0 0

C9 Aromatics 0 0 0 0.239
C10+ Aromatics 1.51 0 46.8 52.8

Petroleum fraction (พt%) i *  m m .Gasoline 82.1 69.2 87.3 75.1
Kerosene 9.17 23.5 5.07 16.9
Gas oil 5.23 4.12 4.47 4.59
LVGO 0.61 1.24 0.84 0.46
HVGO 0 0 0 0
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Table A10 Gas and Oil Compositions from Using 5 wt% antimony oxide doped- 
SAPO-34 calcined at temperature 700 °c as a Catalyst as a function of time on 
stream

Catalyst 5SbSA34 5SbSA34 5SbSA34 5SbSA34
Time-on-stream

(min) 6 0
180 300 480

Ethanol conversion (%) I S W I l ® V".Îr3>,
99.1 97 7 98.6 98.4

Iff' ■ -Gas yield 
Extracted oil yield 

Non liquid oil yield

98.4
0.44
1 . 2 0

8 8 . 8

0.53
10.7

Gas composition: (พt%) ^ÉiSÈËÊM-
fisgs«HggsasvT? -'IkA.’5-

Methane 0.36 0.15
Ethylene 87.1 94.1
Ethane 1.64 0.85

Propylene 4.17 0.71
Propane 2.45 0 . 1 2

Butylene 2.35 2.28
Butane 1.93 1.78

Oil composition (พt%) ฝi i i i l l . i  ชุW m sÊ W S!Oxygenate
compound 26.5 85.0

Non-aromatic 0  0

Benzene 73.5 15.0
Toluene 0 0
O-Xylene 0 0
m-Xylene 0 0
p-Xylene 0 0

Ethylbenzene 0 0
C9 Aromatics 0 0

310+Aromatics 0  0

78.9 
0.87 
2 0 . 2

ygHK
0.05
95.9 
0.55 
0.34 
0 . 0 2  

1.85 
1.26

72.9
0.69
26.5

0

0

0

0

0

0

0

72.0
1 . 2 2

26.8

0.04
95.9
0.53
0.32
0 . 0 1

1.96
1.27

89.6
0

10.4
0

0

0

0

0

0

0

Petroleum fraction (\vt% ) ■ p g m n g
Gasoline 90.8 92 9 78.8 79.5
Kerosene 0.90 2.59 6.97 8.47
Gas oil 1 . 2 1 1.50 9.46 8.96
LVGO 0.30 0.38 1.26 1.14
HVGO 0 0 0 0
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Table A ll Gas and Oil 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 7SbSA34 7SbSA34 7SbSA34 7SbSA34
Time-on-stream

(min) 60 180 300 480
Ethanol conversion (%) 13111111

96.4 97.9 98.1 97.9
Product distribution (wt%) jS®still

Gas yield 95.3 89.0 775 ; 76.7
Extracted oil yield 0.47 0.42 0.55 1.55

Non liquid oil yield 4.28 1 0 . 6 2 2 . 0 2 1 . 8

Gas composition (พt%) " ÿ ร?. - y •
Methane 0  2 1 0.03 003 0.07
Ethylene 93.6 95.4 96.1 94.9
Ethane 1 . 0 1 0.56 ■ 0.45 0.78

Propylene 1.60 0.34 0.31 0.30
Propane 0.85 0 . 0 1 0 . 0 1 0 . 0 2

Butylene 1.55 2.14 1.76 3.24
Butane 1 . 2 1 1.48 1.33 0.72

Oil composition (wt%) -V . ■ - ■ .
Oxygenate
compound 2 2 . 6 49.8 34.0 77.5

Non-aromatic 77.4 35.3 45.7 17.6
Benzene 0 14.9 20.4 4.86
Toluene 0 0 0 0

O-Xylene 0 0 0 0

m-Xylene 0 0  - - 0 0

p-Xylene 0 0 0 0

Ethylbenzene 0 0 0 0

C9 Aromatics 0 0 0 0

C10+ Aromatics 0 0 0 0

Petroleum fraction (พt%) .■- ' . -47. - ;...โ;.?'̂  รฺฐP̂
Gasoline 90.9 92.2 90.5 91.2
Kerosene 1 . 0 1 2.69 4.28 4.14
Gas oil 1.15 1.75 1.93 1 63
LVGO 0.32 0 . 1 2 0.44 0.41
HVGO 0 0 0 0
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Appendix B Species and Surface Composition on Unsupported Catalysts

Table B1 Species of Tin on Fresh and Spent รท0, SnO and Sn02

Name Composition (%)
-OH รท+ 4 รท+ 2 รท0

Metallic tin Fresh 0 0 0 1 0 0

Spent 0 87 0 13
SnO Fresh 4 0 93 3

Spent 4 0 93 3
Sn02

Fresh 3 97 0 0

Spent 9 89 0 2

Table B2 Species of Tin on Fresh and Spent Sb°, Sb2 0 3  and Sb2 0 5

Name Composition (%)
Sb2 05 -H2O Sb+ 5 Sb+ 3 Sb°

Metallic Sb Fresh 0 0 49 51
Spent 0 0 8 6 14

Sb2 0 3
Fresh 0 38 62 0

Spent 0 46 54 0

Sb2 0 5
Fresh 2 2 78 0 0

Spent 23 77 0 0
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Appendix c  Species and Surface Composition on Supported Catalysts

T a b l e  C l  S p e c i e s  o f  T in  a n d  C o m p o s i t io n  o n  5  w t%  T in  O x i d e - D o p e d  S A P O - 3 4  

C a lc in e d  at te m p e r a tu r e  4 0 0  °c

5 S n S A P 0 3 4 ' - 4 0 0 C o m p o s i t io n  (% )
-O H ร ท +4 ร ท 0

F r e s h 1 4 8 6 0

6 0  m in 6 2 3 8 0

1 8 0  m in 1 9 5 8 2 3
3 0 0  m in 1 6 6 2 2 2

4 8 0  m in 0 4 7 5 3

T a b l e  C 2  S p e c i e s  o f  T in  a n d  C o m p o s i t io n  o n  7  w t%  T in  O x i d e - D o p e d  S A P O - 3 4  

C a lc in e d  a t te m p e r a tu r e  4 0 0  °c

7 S n S A P 0 3 4 - 4 0 0 C o m p o s i t io n  (% )
-O H ร ท +4 ร ท 0

F r e s h 2 2 7 8 0

6 0  m in 0 3 9 61
1 8 0  m in 0 6 3 3 7
3 0 0  m in 0 - 3 6 6 7
4 8 0  m in 0 81 19

T a b l e  C 3  S p e c i e s  o f  A n t im o n y  a n d  C o m p o s i t io n  o n  5  w t%  A n t im o n y  O x i d e - D o p e d  

S A P O - 3 4  C a lc in e d  a t te m p e r a tu r e  4 0 0  °c

5 S b S A P 0 3 4 - 4 0 0 C o m p o s t io n ( % )
S b +5 S b + 3 .

F r e s h 5 4 4 6
6 0  m in 4 0 6 0
1 8 0  m in 5 6 4 4
3 0 0  m in 6 3 3 7
4 8 0  m in 5 2 4 8
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T a b l e  C 5  S p e c i e s  o f  A n t im o n y  a n d  C o m p o s i t io n  o n  7  w t%  A n t im o n y  O x i d e - D o p e d  

S A P O - 3 4  C a lc in e d  a t te m p e r a tu r e  4 0 0  °c

7 S b S A P 0 3 4 - 4 0 0 C o m p o s t io n ( % )
S b +5 S b +3

F r e s h 4 1 5 9
6 0  m in 4 0 6 0
1 8 0  m in 3 0 7 0
3 0 0  m in 3 4 6 6

4 8 0  m in - 2 9 71

T a b l e  C 6  S p e c i e s  o f  T in  a n d  C o m p o s i t io n  o n  5  w t%  T in  O x i d e - D o p e d  S A P O - 3 4  

C a lc in e d  a t te m p e r a tu r e  700 °c

C o m p o s t io n ( % )
5 S n S A P 0 3 4 - 7 0 0

-O H ร ท +4 ร ท +2 ร ท 0

F resh . 2 0 0 8 0 0

6 0  m in 15 1 1 0 7 4
1 8 0  m in 0 17 0 8 3
3 0 0  m in 0 3 2 0 6 8
4 8 0  m in 0 15 0 8 5

T a b l e  C 7  S p e c i e s  o f  T in  a n d  C o m p o s i t io n  o n  7  w t%  T in  O x i d e - D o p e d  S A P O - 3 4  

C a lc in e d  a t te m p e r a tu r e  700 °c

C o m p o s t io n ( % )
5 S n S A P 0 3 4 - 7 0 0

-O H ร ท +4 ร ท +2 ร ท 0
F r e s h 61 0 3 9 0

6 0  m in 0 2 2 0 7 8
1 8 0  m in 0 2 5 0 7 5
3 0 0  m in 0 3 3 0 6 7
4 8 0  m in 0 3 2 0 6 7
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T a b l e  C 8  S p e c i e s  o f  A n t im o n y  a n d  C o m p o s i t io n  o n  5  w t%  A n t im o n y  O x i d e - D o p e d  

S A P O - 3 4  C a lc in e d  at te m p e r a tu r e  7 0 0  °c

C o m p o s t io n ( % )
5 S b S A P 0 3 4 - 7 0 0

S b +5 S b +3

F r e s h 6 5 3 5
6 0  m in 3 4 6 6

1 8 0  m in 2 7 7 3
3 0 0  m in 5 0 5 0
4 8 0  m in 5 9 4 1  .

T a b l e  C 9  S p e c i e s  o f  A n t im o n y  a n d  C o m p o s i t io n  o n  7  พ t%  A n t im o n y  O x i d e - D o p e d  

S A P O - 3 4  C a lc in e d  a t te m p e r a tu r e  700 °c

C o m p o s t io n ( % )
7 S b S A P 0 3 4 - 7 0 0

S b +5 S b +3

F r e s h 3 0 7 0
6 0  m in 3 9 61
1 8 0  m in 4 6 5 4
3 0 0  m in 4 3 5 7
4 8 0  m in 51 4 9
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