CONCLUSIONS AND RECOMMENDATIONS

Based on the experimental results and theoretical analysis, the following conclusions are
derived:

. HTSR-1, a catalyst proprietary to Haldor-Topsge A/S, Copenhagen,
Denmark, exhibited excellent activity for the decomposition of NH3 in hot
coal gas streams. The tolerance of this catalyst to H2S increased with
increasing temperatures.

. MoS3-based catalysts showed only a moderate activity for NH3
decomposition. These catalysts required surface area stabilization.

. Many catalysts containing Ni, Co, Mo, and W on a high surface TiO» support
showed only a moderate activity for NH3 decomposition.

. Mixing the catalysts with a zinc dtanate sorbent allowed the catalysts to
function for an extended period of time. As the sorbent gets loaded with
HjS, the residual HS level increases thereby decreasing the activity of the
catalyst for NH3 decomposition.

*  The titania support sinters excessively at a temperature of 725°C in the
presence of steam. Adding ZrQO; to the titania decrease the rate of sintering.

The following recommendations are made for further investigation into the removal of fuel-
bound nitrogen from hot coal gas streams.

*  The HTSR-1 should be tested using hot coal gas streams from an operating
coal gasifier. The effects of trace components of the hot coal gas stream that
could not be simulated in the laboratory must be determined.

. Alternative catalysts that have a high NH3 decomposition activity at a
temperature of about 550°C in the presence of HaS must be developed.

*  The regeneration of sulfur-poisoned HTSR-1 must be investigated. Although
this catalyst can tolerate significant levels of H,S at 800°C, it is slowly
poisoned at low temperatures. Regeneration of the catalyst will allow

continued use of this catalyst in a hot coal gas cleanup process.
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APPENDIX A

THERMODYNAMIC CALCULATIONS OF
THE VAPORIZATION OF METAL OXIDES




TABLE 1.

CALCULATED PARTIAL PRESSURES OF SPECIES OVER MoO3(c) AND SOME ,
MMoO4(c) IN PRESENCE OF PURE O2 AT 0.02 ATM TOTAL PRESSURE

Species

MoO
MoO,
MoO3
Mo7y0¢
Mo309
Mo4012
MosOis
0

02

O3

Z P(Mo) (atm)

Mo(28962)
MoOs(c)
MoQO3(1075)
Mo4011(c)
Mog023(c)
MogO26(c)

Partial Pressure (atm)

700K

1.21 x 10-81
4.76 x 1062
5.48 x 10-39
5.93x10-19
3.01x 1014
2.20x 1011
9.37x 10-12
1.10x 10°13
5.02x 1017
2.00 x 102
1.45x 1017
3.15x 10-11

0

0

1b

0

0

0

800K

1.23 x 1068
7.35x 1052
2.76 x 10-32
1.76 x 1015
3.63 x 1011
2.19x 108
1.45x 108
4.04x 1010
1.12x 10°14
2.00 x 10-2
3.14x 10-16
3.68x 108

© O O = O O

900 K
MoO3(c)

1.53 x 10-58
5.89 x 1044
430x 1027
8.52x 10-13
8.59 x 10-2
4.42x 106
4.07x 106
2.20x 1077
7.54x 10°13

12.00x 102

3.44 x 10-15
8.72x 106
0

O O O - O

1000K

1.84 x 10-50
1.21 x 1037
5.97x 1023
1.16 x 10-10
6.52x 107
2.92x 104
3.46x 104
3.13x 10°5
2.17x 10711
1.93x 102
2.34x 10714
6.70 x 104

O O O = O O

1100K

6.11x 1044
1.34 x 10-32
9.86 x 10-20
3.98x 109
8.76 x 106
2.20x 103
2.02x 1073
1.76 x 104
3.09 x 1010
1.56 x 102
7.81 x 10-14
4.41x 103
0

O O O O ©




TABLE 1. (Continued)

Partial Pressure (atm)

Species

700 K
Cu 5.02x 1025
CuO 2.38 x 10725
Mo 4.49 x 1083
MoO 1.76 x 1063
MoO; 2.03 x 1040
MoO3 2.19x 1020
Mo,06 4.11x10°17
Mo309 1.11 x 10°15
Mo4012 1.75x 10-17
Mos0;5 7.63 x 10-21
o 5.02 x 10-17
0] 2.00 x 10-2
03 1.45 x 10-17
X P(Mo) (atm) 1.17 x 10-15
Cu(1358) 0
CuO(c) 0
Cuz0(1517) 0
CuMoOy(c) 1
Mo(2896) 0
MoO3(c) 0
Mo03(1075) 0
Mo4011(c) 0
Mog033(c) 0
MogOz¢(c) 0

800K

1.77 x 10-20
4.33 x 1021
5.71 x 10-70
3.41x 1033
1.28 x 10-33
8.18x 10°17
7.82x 10-14
2.19x 10-12
6.72 x 10-14
8.72x 10-17
1.12x 10-14
2.00 x 10-2

3.14x 1016
2.34 x 10-12

0

O O O © © O =~ O O

900K
CuMoOy(c)

5.96 x 10-17
8.70 x 10-18
8.44 x 1060
3.24x 1045
2.37x 1028
4.69 x 10-14
2.61 x 10-11
7.40 x 10-10
3.75x 1011
1.12x 10°13
7.54 x 10-13
2.00x 102

3.45x 1015
8.04 x 10-10

0

© O O © © O =~ O O

1000 K

3.86x 10-14
3.73x 1015
1.10 x 10-31
7.38 x 1039
3.70 x 10-24
7.29 x 10-12
2.59x 109
7.30x 10-8
5.44x 109
3.11x 10!
2.20x 10-11
2.00x 102
2.46x 10°14
8.10x 10-8
0

OO O O © O —~ O O

1100K

7.68 x 1012
521x 1013
4.61x 1043
1.15x 10-33
9.55x 10721

436%10°10

1.05x 1077
2.90 x 106
2.92x 107
2.78x 10°%
3.50x 10-10
2.00x 102
1.14x 10-13
3.30x 10-6
0

O O O O © O = ©o O




TABLE 1. (Continued)

Partial Pressure (atm)

Species

700K
Fe 2.95x 1046
FeO 7.94 x 1038
FeOy 3.61x1028
Mo 1.21 x 1081
MoO 4.76 x 1062
MoO2 5.48 x 1039
MoO3 5.93x 1019
Mo20¢ 3.01x 1014
Mo30g 2.20x 10-11
Mo4012 9.37x 1012
Mos0;5 1.10x 1013
0 5.02 x 10-17
0)) 2.00x 10-2
03 1.45x 10717
2 P(Mo) (atm) 3.15x 10-11
Fe(1809) 0
Fe0(1650) 0
Fez03(c) 1
Fe304(c) 0
FeMoOuy(c) 0
Mo(2896) 0
MoO3(c) 0
Mo03(1075) 1
Mo4011(c) 0
Mog033(c) 0
MogO2¢(c) 0

800 K

1.32x 10-38
1.15x 10-31
6.86 x 1024
1.23 x 1068
7.35x 10-52
2.76 x 10-32
1.76 x 10-15
3.63x 1011
2.19x 10-8
1.45x 10-8
4.04 x 10-10
1.12x 1014
2.00 x 10-2
3.14x 10-16
3.68x 108
0

O O O = O© O O O =~ O

900 K
FeMoOy4(c)

1.12 x 10-32
6.74 x 1027
1.39x 1020
1.53x 10-38
5.80x 1044
4.30x 1027
8.51x 10-13

. 8.59x 109
" 4.42x 106

4.07x10%

2.20x 107

7.54 x 1013

2.00x 1072

3.44x 1015

8.72 x 106
0

O O O =~ O O © O - O

1000 K

6.04 x 1028
421x1023
5.83x 1018
1.84 x 10-50
1.21 x 10-37
5.97x 10-23
1.16 x 10°10
6.52x 10-7
2.92x 104
3.46x 104
3.13x 103
2.17x 10-11
1.93 x 10-2
2.34x 10714
6.70 x 104

O O © = O O O O —~ O O

1100K

528 x 10-24
5.51 x 1020
7.44 x 1016
7.20x 104
1.53 x 10-32
1.08 x 10-19
423 x 109
9.88 x 10
2.64%103
2.57x 103
2.37x 104
2.98 x 10-10
1.45x 102
7.04x 10-14
5.45x 1073
0

O O O © © © © © = ©




Species

MoO

2 P(Mo) (atm)

Ni(1728)
NiO(c)
NiMoO4(c)
Mo(2896)
MoOx(c)
MoO3(1075)
Mo4011(c)
Mog023(c)
MogO2¢4(c)

TABLE 1. (Continued)

Partial Pressure (atm)

700K

7.26 x 10-83
2.85x 1063
3.28x 1040
3.55x 1020
1.08 x 10-16
4.72x 10-15
1.20 x 10-16
8.47x 1020
3.61x 10737
2.45x 1031
5.02x 1017
2.00 x 102

1.45x 10°17

4.94 x 10-15

0

O O ©Q O O O =~ O

800K

8.62 x 1069
5.15x 10-52
1.94 x 10-32
1.23x 10715
1.78 x 10-11
7.53 x 10-9

3.49x 1079

6.82 x 10-11
5.60x 10-31
2.80 x 10-26
1.12x 1014
2.00 x 10-2

3.14x 10-16

1.11 x 108

0

O O © © O © =~ O

900K
NiMoO4(c)

1.53 x 1058
5.89 x 10-44
4.30x 1027
8.51x 1013
8.59 x 109
4.42 x 106
4.07 x 106
2.20x 1077
3.55x 1026
2.33x 1022
7.54 x 1013
2.00 x 102
3.44x 10°15

8.72 x 106

0

O © © - O O O =

1000 K

1.84 x 10-30
1.21 x 10-37
5.97x 1023
1.16 x 10-10
6.52x 10-7
2.92x 104
3.46 x 104
3.13x 103
2.49 x 10-22
3.18x 10°19
2.17x 10°11
1.93 x 102
2.34x 10714

6.70 x 104

0

O © O = O O O

1100K

6.11 x 10-44
1.34 x 1032
9.86 x 1020
3.98 x 109
8.76 x 10
2.20x 103
2.02x 103
1.76 x 104
3.79x 10-19
1.14 x 10-16
3.09 x 10-10
1.56 x 102
7.82x 10714
4.41 x 1073

©O O© O © © © © = O




TABLE 1. (Concluded)

Species Partial Pressure (atm)

700K 800 K 900 K 1000K 1100K

CoMoQOy(c)

Co 1.38x1039 843x1033 157x1027 257x1023 824x1020
CoO 447x1033 145x1027 271x1023 691x1020 427x10°17
Mo 1.21x1081 123x1068 1.53x1058 1.84x100 6.77x104
MoO 476x 1062 735x1052 589x1044 121x1037 145x1032
MoO3 548x1039 276x1032 430x1027 597x1023 1.05x10°19
MoO3 593x10°19 176x10°15 851x10°13 1.16x1010 414x10°
Mo0¢ 3.01x1014 363x1011 859x10% 6.52x107 9.46x10%
Mo309 220x 10711 219x108 442x106 292x104 247x103
Mo4O012 937x10712 145x108 407x106 346x104 236x103
MosO15 1.10x 1013 404x10-10 220x 107 3.13x105 213x10%
o) 502x1017 1.12x10°14 7.54x 1013 2.17x10°11 3.03x 1010
0 200x102 200x102 200x102 193x102 149x102
03 145x 1017 3.14x10-16 344x1015 234x10-14 734x10°M4
ZP(Mo) (atm) 3.15x10-11 368x108 8.72x106 6.70x104 5.05x 1073
Co(1768) 0 0 0 0 0
CoO(c) 0 0 0 0 0
Co304(c) 1 1 1 1 1
CoMoOy(c) 0 0 0 0 0
Mo(2896) 0 0 0 0 0
MoOx(c) 0 0 0 0 0
Mo03(1075) 1 1 1 1 0
Mo4011(c) 0 0 0 0 0
MogO23(c) 0 0 0 0 0
MogO26(c) 0 0 0 0 0

a: Melting point.

b: Mole fraction of condensed phase.




TABLE 2.

TOTAL MO-CONTAINING SPECIES PRESSURE OVER MoO3(c) AND SOME
MMoO4(c) IN PRESENCE OF PURE O3 AT 0.02 ATM TOTAL PRESSURE

Oxide

MoO3(c)

CuMoO4(c)
FeMoO4(c)
NiMoOy(c)
CoMoOy(c)

Total Mo-containing Species Pressure (atm)

700 K

3.15x 10-11
1.17 x 1015
3.15x 1011
494x10°15
3.15x 10-11

800K
3.68x 108
2.34x 10712
3.68 x 10°8
1.11x 108
3.68 x 108

900 K
8.72x 106
8.04 x 10-10
8.72x 106
8.72x 106
8.72 x 106

1000K
6.70x 104
8.10x 108
6.70 x 104
6.70 x 10
6.70 x 104

1100K
441x 1073
3.30x 106
5.45x 1073
441x103
5.05x 1073




log ZP(Mo) (atm)
o
o

-10.0
-11.0
-12.0

130

-14.0

150 800 900 1000 1100

Temperature (K)

- d
Figure 1. Plot of total Mo-containing species pressure vs temperature over MoO3(c) an
MMoOy(c) in presence of pure Oo at 0.02 atm total pressure.




TABLE 3.

CALCULATED PARTIAL PRESSURES OF SPECIES OVER WO3(c) AND SOME
MWO4(c) IN PRESENCE OF PURE O3 AT 0.02 ATM TOTAL PRESSURE

Species

O3

2 P(W) (atm)

W(36953)
WO2(c)
WO3(1747)
W18049(c)
W20058(c)
W25074(c)

Partial Pressure (atm)

700 K

8.79 x 10-104 -

6.85x 10-73
7.07 x 10-50
1.98 x 10-29

3.55x 1024

2.01 x 1042
6.80 x 10-25
9.90 x 10-27
7.26 x 10-34
5.02 x 10-17
2.00x 102
1.45 x 10-17
4.24 x 10-24
0

0
1b

800K

471 x 10-88
2.15 x 10-61
7.43 x 10-42
1.22 x 10-24
7.29 x 10-20
6.75 x 10-35
3.15 x 10-20
9.86 x 10-22
7.05 x 10-28
1.12 x 10-14
2.00 x 10-2
3.14x 10-16
1.05 x 10-19
0

SO O = O

900 K

WOs(c)
7.95 x 10-76
1.79 x 10-52
1.23x 1035
6.28 x 10-21
1.57 x 10-16
4.56 x 10-29
1.26 x 10-16
7.12 x 10-18
297 x 10-23
7.55x 10-13
2.00x 102
3.45x 10-15
2.91 x 10-16

0

O O O - O

1000 K

4.73 x 10-66
2.34 x 1045
1.12 x 10-30
5.65x 10-18
6.98 x 10-14
1.98 x 10-24
9.14x 10-14
8.13x 10-15
1.37 x 10-19
2.20x 10-11
2.00x 102
2.46 x 10-14
1.69 x 10-13
0

OO O - O

1100K

4.61 x 10-58
1.49 x 10-39
1.22 x 10-26
142 x 10-15
9.72 x 10-12
1.15x 10-20
1.86x 10-11
237 x 10-12
1.23 x 10-16
3.50x 10-10
2.00x 102
1.14 x 10-13
3.07x 10-11
0

OO O = O




Species

Co
CoO

wO
WO,
WOz
W206
W303
W309
W4012

Z P(W) (atm)

Co(1768)
CoO(c)

- Co304(c)
CoWOq4(c)
W(3695)
WO(c)
WO3(1747)
W18049(c)
W200s3(c)
W25074(c)

TABLE 3. (Continued)

Partial Pressure (atm)

700 K

1.37 x 10-39
444 x 10-33
3.75x 10-106
292x 1075
3.02 x 10-52
8.46 x 10-32
6.46 x 10-29

. 1.56 x 1049

5.28 x 10-32
3.28 x 10-36
1.02 x 1045
5.02 x 10-17
2.00x 102
145x 10-17
6.47 x 10-29
0

©C O O OC O O© ~ O O

800 K

8.26 x 10-33
142 x 10-27
1.63 x 10-90
7.41x 10-64
2.56 x 1044
423 x 10-27
8.68 x 10-25
2.78 x 10-42
1.29 x 10-27
1.40 x 10-31
3.45 x 1040
1.12x 10-14
2.00x 10-2
3.14 x 10-16
8.74 x 10-25
O.

©C O O O O O = O O

900K

CoWOy(c)
1.47 x 10-27
2.55 x 10-23
2.40x 10-78
5.41 x 10-55
3.72 x 10-38
1.90 x 10-23
1.44 x 10-21
1.26 x 10-36
3.50 x 10-24
596 x 10-28
7.51 x 10-36
7.55x 10-13
2.00x 102
3.45x 10-15
1.46 x 10-21
0

OO0 O OO O O —~ O O

1000 K

2.14x10-23
5.84 x 10-20
1.38 x 10-68
6.82 x 1048
3.25 x 10-33
1.65 x 10-20
594 x 10-19
492 x 10-32
227 x 10-21
5.88 x 10-25
2.89 x 10-32
2.20x 10-11
2.00x 102
246 x 10-14
6.13 x 10-19
0

©C O OC O O O = O O

1100K

4.73 x 10-20
2.83x 10-17
1.46 x 10-60
471 x 1042
3.85 x 10-29
4.50 x 10-18
9.73 x 10-17

3.65x 10-28

5.90x 10-19
2.37x 10-22
3.90 x 10-29
3.50 x 10-10
2.00x 102
1.14 x 10-13
1.02 x 10-16
0

C O O O O O = O o




Species

Cu
CuO

WO3

2 P(W) (atm)
Cu(1358)
CuO(c)
Cu0(1517)
CuWO4(c)
W(3695)
WO2(c)
WO3(1747)
W18049(c)
W20058(c)
W25074(c)

TABLE 3. (Continued)

Partial Pressure (atm)

700K

501x 1025
2.38 x 10-25
8.79 x 10-104
6.85x 10-73
7.07 x 10-50
1.98 x 10-29
3.55 x 1024
2.01 x 1042
6.80 x 10-25
9.90 x 10-27
7.26 x 10-34
5.02x 1017
2.00x 102
1.45 x 10-17
4.24 x 10-24
0

O OO = OO O O -

800 K

1.77 x 10-20
4.33x 10-21
4.71 x 10-88
2.15 x 10-61
7.43 x 1042
1.22 x 10-24
7.29 x 10-20
6.75 x 10-35
3.15x 10-20
9.86 x 10-22
7.05 x 10-28
1.12x 10-14
2.00x 10-2
3.14 x 10-16
1.05 x 10-19
0

OO O = O O O© O =

900K

CuWO4(c)
5.96 x 10-17
8.70 x 10-18
7.95 x 10-76
1.79 x 10-52
1.23x 1035
6.28 x 10-21
1.57 x 10-16
4.56 x 10-29
1.26 x 10-16
7.12x 10-18
2.97 x 10-23
7.55x 10-13
2.00 x 102
3.45x 10-15
2.91 x 10-16
0

O O O = O © O O =

1000K

3.86 x 10-14
3.73x 10-15
473 x 10-66
2.34 x 1045
1.12 x 10-30
5.65x 10-18
6.98 x 10-14
1.98 x 10-24
0.14x 10-14
8.13x 10-15
1.37 x 10-19
220 x 10-11
2.00 x 102
2.46 x 10-14
1.69 x 10-13
0

O O O - O O O O =

1100K

7.68 x 10-12
521x 10-13
4.61 x 10-58
1.49 x 10-39
1.22 x 10-26
1.42 x 10-15
9.72 x 10-12
1.15x 10-20
1.86 x 10-11
2.37 x 10-12
1.23 x 10-16
3.50 x 10-10
2.00 x 102
1.14x 10-13
3.07 x 10-11
0

©C OO - O O O O =




Species

Fe-
FeO

2 P(W) (atm)

Fe(1809)
FeO(1650)
Fez03(c)
Fe304(c)
FeWOQy(c)
W(3695)
WO2(c)
WO3(1747)
W18049(c)
W20058(c)
W25074(c)

TABLE 3. (Continued)

Partial Pressure (atm)

700K

2.95 x 1046
7.94 x 10-38
3.61x10-28
8.79 x 10-104
6.85x 10-73
7.07 x 10-50
1.98 x 10-29
3.55x10-24
2.01 x 1042
6.80 x 10-25
9.90 x 10-27
7.26 x 10-34
502 x 10-17
2.00x 10-2
1.45x 10-17
4.24 x 10-24
0

©C O O - O O O O m=m O

800 K

1.32 x 10-38
1.15x 10-31
6.86 x 10-24
471 x 10-88
2.15 x 10-61
7.43 x 1042
1.22 x 10-24
7.29 x 10-20
6.75 x 10-35
3.15x 10-20
9.86 x 10-22
7.05 x 10-28
1.12x 10-14
2.00x 102
3.14x 10-16
1.05 x 10-19
0

©C O O = OO0 O O = O

900 K

FeWOq4(c)

1.12 x 10-32
6.74 x 10-27
1.39 x 10-20
7.95 x 10-76
1.79 x 10-52
1.23 x 10-35
6.28 x 10-21
1.57 x 10-16
4.56 x 10-29
1.26 x 10-16
7.12 x 10-18

297x10-23

7.55 x 10-13

2.00x 102

3.45 x 10-15

2.91x10-16
0

C O O = O OO O~ O

1000 K

5.89 x 10-28
4.17 x 10-23
5.88 x 10-18
4.73 x 10-66
2.34 x 1045
1.12 x 10-30
5.65x 10-18
6.98 x 10-14
1.98 x 10-24
9.14x 10-14
8.13x 10-15
1.37 x 10-19

2.20x 10-11.

2.00x 10-2

2.46x 10-14

1.69 x 10-13
0

O © O H O O O O = O

1100 K

4.16 x 10-24
5.09 x 10-20
8.05x 10-16
4.61 x 10-58
1.49 x 10-39
1.22 x 10-26
1.42 x 10-15
9.72 x 10-12
1.15x 10-20
1.86 x 10-11
2.37x 10-12
123 x 10-16
3.50 x 10-10
2.00x 10-2
1.14 x 10-13
3.07 x 10-11
0

C OO R, OO -




Species

Ni
NiO

X P(W) (atm)

Ni(1728)
NiO(c)
NiWO4(c)
W(3695)
WO2(c)
WO3(1747)
W18049(c)
W20058(c)
W25074(c)

TABLE 3. (Continued)

Partial Pressure (atm)

700 K

3.61x 1037
2.45x 10-31
2.26 x 10-108
1.76 x 10-76
1.82x 10-53
5.09 x 10-33
2.34 x 10-31
3.41 x 10-53
1.15x 10-35
4.30x 1041
8.09 x 10-52
5.02 x 10-17
2.00 x 102
1.45x 10-17
2.45 x 10-31
0

©C O O O O O - O

800 K

5.59 x 10-31
2.80 x 10-26
3.73 x 1091
1.70 x 10-64
5.88 x 1045
9.69 x 10-28
4.57 x 10-26
335x 1044
1.56 x 10-29
3.87 x 10-34
2.19 x 1043
1.12x 10-14
2.00x 102
3.14 x 10-16
2.80 x 10-26
0

S O O C O O = O

900 K

NiWO4(c)

3.54 x 10-26
2.32 x 10-22
1.57 x 10-78
3.53x 10-55
2.43 x 10-38
1.24x 10-23
6.15 x 10-22
3.52 x 10-37
9.77 x 10-25
1.09 x 10-28
8.95 x 10-37
7.55x 10-13
2.00x 10-2
3.45x 10-15
2.32x 10-22

0

O O OO O O~ O

1000 K

2.44 x 10-22
3.16x 10-19
1.97 x 10-68
9.77 x 1048
4,66 x 10-33
2.36 x 10-20
1.22 x 10-18
1.44 x 10-31
6.64 x 10-21
2.47 x 10-24

1.73x 1031

220 x 10-11

2.00 x 102

2.46 x 10-14

3.17x 10-19
0

© O O O O © = O

1100 K

3.32x 10-19
1.13x 10-16
3.65 x 10-60
1.18 x 1041
9.63 x 10-29
1.13x 10-17
6.08 x 10-16
5.70 x 10-27
9.22x 10-18
9.28 x 10-21
3.81 x 10-27
3.50 x 10-10
2.00x 102
1.14 x 10-13
1.13 x 10-16
0

OO QO O© O O ~ O




Species

Zn
Zn0O
A%
WO
WO,
WO3
W206
W30g
W309
W4012
Ws015
0O

0/]

O3

2 P(W) (atm)

Zn(693)
Zn0(2248)
ZnWO4(c)
W(3695)
WO ()
WO3(1747)
W18049(c)
W200s58(c)
W25074(c)

a: Melting point.
b: Mole fraction of condensed phase.

TABLE 3. (Concluded)

Partial Pressure (atm)

700K

2.22x10-26
2.43 x 10-26
7.03 x 10-105
5.47 x 10-74
5.65x 10-51
1.59 x 10-30
227 x 10-26
1.03 x 1045
3.48 x 10-28

404 x 10-31 -

2.37 x 10-39

5.02x 10-17

2.00x 102

1.45 x 10-17

2.30 x 10-26
0

0
1
0
0
0
0
0
0

800 K

1.05 x 10-21
478 x 10-22
4.68 x 10-89
2.13 x 10-62
7.37 x 1043
122 x 10-25
7.18 x 10-22
6.60 x 10-38
3.08 x 10-23
9.57 x 10-26
6.79 x 10-33
1.12x 10-14
2.00x 102
3.14x 10-16
7.49 x 10-22
0

O O O O O © = O

900 K

ZnWOq(c)
4.31x10-18
9.87 x 10-19
9.63 x 10-77
2.17 x 10-53
1.49 x 10-36
7.61 x 10-22
2.31x10-18
8.11x 10-32
2.25x 10-19
1.54 x 10-21
7.75 x 10-28
7.55 x 10-13

2.00x 10—2_

3.45x 10-15
2.54 x 10-18
0

O O O O O O = O

1000K

3.26 x 10-15
4.30 x 10-16
6.78 x 10-67
3.36 x 1046
1.60 x 10-31
8.10x 10-19
1.44 x 10-15
5.84 x 10-27
2.69 x 10-16
3.43x 10-18
8.29 x 10-4
2.20x 10-11
2.00x 102
2.46 x 10-14
1.71 x 10-15
0

SO O O O O = O

1100K

7.30 x 10-13
6.11 x 10-14
7.62 x 10-59
2.46 x 1040
2.01x 1027
2.35x 10-16
2.66 x 10-13
520x 10-23
8.41x 1014
1.77 x 10-15
1.52x 10-20
3.50 x 10-10
2.00x 102
1.14 x 10-13
3.52x 10-13
0

O O O O O O = O




TABLE 4.

TOTAL W-CONTAINING SPECIES PRESSURE OVER WO3(c) AND SOME
MWOq(c) IN PRESENCE OF PURE O AT 0.02 ATM TOTAL PRESSURE

Oxide

WOs3(c)

CoWQq(c)
CuWOy(c)
FeWO4(c)
NiWOq(c)
ZnWOq4(c)

Total W-containing Species Pressure (atm)

700 K
424 x 10-24
6.47 x 10-29
424 x 10-24
424 x 10-24
2.45x 10-31
2.30x 10-26

800K
1.05 x 10-19
8.74x 10-25
1.05x 10-19
1.05 x 10-19
2.80x 10-26
7.49 x 10-22

900 K
2.91 x 10-16
1.46 x 10-21
2.91x 10-16
291 x 10-16
2.32x 10-22
2.54 x 10-18

1000 K
1.69 x 10-13
6.13x 10-19
1.69 x 10-13
1.69 x 10-13
3.17 x 10-19
1.71 x 10-15

1100 K
3.07x 10-11
1.02x 10-16
3.07x10-11
3.07 x 10-11
1.13x10-16
3.52x 10-13




APPENDIX B

Final Report by General Electric




