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APPENDIX A

INSTRUMENT

A.l  Flame Spray Pyrolysis Reactor

Figure A.1 Flame Spray Pyrolysis Reactor at The NRL Research Laboratory Chiang

Mai University.
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A.2  X-ray diffractometer (XRD)

Figure A.2 X-ray Diffractometer, Rigaku, TTRAXIII, Japan.



166

A.3 Scanning Electron Microscope (SEM) and Energy Dispersive X-Ray

Spectrometer (EDS)

Figure A.3 Scanning Electron Microscope & Energy Dispersive X-Ray

Spectrometer, JSM-6335F, JEOL, Japan.
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A4 Transmission Electron Microscope (TEM)

Figure A.4 Transmission Electron Microscope, JEM-2010, JOEL, Japan.
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A5  Surface area analyzer (BET)

Figure A.5 Surface area analyzer, Quantachrome Autosorb 1 MP, USA.



APPENDIX B

JCPDS INFORMATION

B.1  JCPDS File No. 83—0950 of Tungsten Oxide

[83-0959]

Tungsten Oxide

WQO;

Rad.: CuKoal (1.54060)

Filter:

d-sp: calculated

I/Icor.: 5.66

Cutoff:  17.7

Int.: calculated

Sys.: Monoclinic

S.G.: P2,/n (14)

a: 7.30084 (7) b: 7.53889(7) c: 7.68962 (8)

A: 0.9684 C:1.0200 Z.8 mp:

Dx: 7.278 Dm:
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Ref.: Woodward. P.M., Sleight. A.W., Vogt. T., J. Phys. Chem. Solids., 56,

1305 (1995)

2Theta Int. h kI
16.454 1 011
16.864 1 101
16.864 1 110
20.375 1 111
20.591 1 111
23.117 982 002
23.583 956 020
24.367 999 200
25.996 10 012
26.593 190 120
28.614 170 112
28.927 167 112
28.927 121
29.698 2 211
33.261 383 022
33.565 242 202
34.167 565 202

34.167 220
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2Theta Int. h kI
35.390 62 122
35.650 67 122
35.650 212
36.036 3 221
36.185 5 212
36.292 3 221
36.962 1 103
37.018 1 013
37.337 4 103
37.627 1 031
38.604 1 301
38.908 2 310
38.908 113
38.965 2 301
39.267 2 113
39.729 8 131
40.483 3 311
40.831 3 311
41.432 129 222
41.886 137 222
42.624 1 023

42.964 12 032
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2Theta Int. h kI
43.697 1 230
44.270 43 320
44.270 123
44.698 35 123
44.698 132
44.912 36 132
45.384 45 312
45.384 231
45.737 3 321
46.017 41 312
46.017 321
47.250 87 004
48.247 91 040
48.858 6 014
49.933 252 400
49.933 140
50.230 48 232
50.230 322
50.336 125 114
50.726 111 114
50.816 70 322

50.816 033
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2Theta Int. h kI
51.374 2 303
51.374 141
51.471 2 141
51.471 410
52.195 1 303
52.330 1 330
52.330 133
52.615 1 133
52.745 1 411
52.847 1 313
53.467 106 024
53.467 204
53.590 59 331
54.153 80 042
54.235 60 204
54.772 91 240
54.962 54 214
55.344 75 402
55.621 65 142
55.804 88 142
55.933 161 420

56.074 133 402
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2Theta Int. h kI
56.074 241
56.259 40 241
56.785 2 412
56.888 1 233
57.131 1 421
57.635 15 332
58.170 14 332
59.238 33 224
59.933 42 224
60.055 53 242
60.402 39 242
60.601 30 034
60.979 63 043
60.979 422
61.667 67 422
61.885 59 134
62.264 124 340
62.264 124 314
63.282 47 413
63.282 314
63.424 25 341

64.215 1 151
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2Theta Int. h kI
64.215 413
64.338 1 431
64.756 1 501
64.846 1 333
65.172 1 501
65.505 1 025
65.979 13 234
66.249 6 324
66.414 4 243
66.638 17 234
66.638 17 125
67.099 29 342
67.099 29 125
67.235 18 324
67.589 30 342
67.589 30 432
68.031 6 152
68.272 4 432
68.272 4 251
68.437 2 251
68.915 9 520

69.594 11 512
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2Theta Int. h kI
69.835 24 044
70.397 11 521
70.397 512
70.548 21 404
70.548 11 225
71.029 14 144
71.348 14 144
71.348 225
71.822 24 404
71.822 24 252
71.965 42 035
71.965 440
72.182 27 252
72.641 22 334
72.641 053
73.077 2 414
73.077 2 343
73.380 7 315
73.380 7 522
73.587 23 433
73.587 334
73.806 11 343
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2Theta Int. h kI
74.165 7 522
74.165 7 503
74.876 14 244
75.141 9 016
75.552 24 244
75.552 424
76.224 38 531
76.224 116
76.434 41 442
76.690 49 116
76.794 31 424
76.794 31 235
76.936 57 160
77.054 36 325
77.054 442
77.611 1 235
78.153 1 161
78.392 3 253
78.562 19 600
78.853 12 026
78.853 352
79.109 2 523
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2Theta Int. h kI
79.536 5 532
79.536 206
79.780 3 610
79.907 3 126
79.907 216
80.302 8 532
80.302 8 126
80.558 4 045
80.837 7 216
80.837 260
80.979 13 054
81.245 15 611
81.245 344
81.543 26 162
81.696 28 145
81.696 28 162
81.925 15 261
82.160 13 154
82.160 13 344
82.421 12 154
82.768 14 602

82.874 8 434
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2Theta Int. h kI
83.049 8 450
83.049 443
83.127 5 335
1000 JCPDS file No. 83-0950
800-
L 600-
>
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Figure B.1 JCPDS file No. 83—-0950 of X-ray diffraction pattern of tungsten oxide.



180

B.2  JCPDS File No. 04—006—7123 of Tungsten Oxide

[04-006-7123]

Tungsten Oxide

WO;

Rad.:  CuKal (1.5406)

Filter:

I/Icor.: 5.59

Sys.: Monoclinic

S.G.: P2,/c (14)

Ref. Zhang O., Dahn J.R., Colbow K. Phys. Rev. B: Condons. Mater. Phys.,

v46 p2554 (1992)

2Theta Int. h kI
16.447 0.1 011
16.846 0.1 111
16.846 0.1 102
20.575 0.1 112

23.101 98.2 002
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2Theta Int. h kI
23.580 95.4 020
24.336 100 202
25.981 1 012
26.304 0.7 021
26.582 19.2 121
28.593 16.1 111
28.906 16.4 120
28.906 16.4 113
29.362 0.6 211
29.667 0.2 213
33.246 37.8 022
33.531 24.3 200
34.142 55.6 204
34.142 55.6 222
35.371 6.3 121
35.630 6.8 123
35.630 6.8 210
36.010 0.4 221
36.151 0.5 214
36.265 0.4 223
36.993 0.1 013
36.993 0.1 102
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2Theta Int. h kI
37.306 0.3 104
37.619 0.1 031
38.556 0.2 302
38.916 0.3 304
38.916 0.3 112
39.237 0.1 114
39.716 1 132
40.436 0.2 312
40.783 0.2 314
41.402 12.5 220
41.854 13.1 224
42.601 0.2 023
42.950 11 032
43.674 0.1 232
44,227 41 323
44.227 4.1 122
44.679 3.2 124
44.679 3.2 131
44.893 34 133
45.335 4.1 233
45.335 4.1 311

45.693 0.3 322
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2Theta Int. h kI
45.693 0.3 322
45.966 4.1 315
45.966 41 324
47.214 8.7 004
48.239 8.8 040
48.823 0.5 014
49.370 0.3 221
49.865 17.5 404
49.865 17.5 141
50.183 4.8 234
50.183 4.8 321
50.298 11.7 113
50.687 10.3 115
50.687 10.3 325
50.823 6.3 033
51.276 0.2 300
51.361 0.2 140
51.457 0.2 142
51.457 0.2 414
52.138 0.1 306
52.304 0.1 132
52.304 0.1 333
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2Theta Int. h kI
52.588 0.2 134
52.678 0.2 413
52.793 0.2 310
53.055 0.2 415
53.433 11.0 202
53.433 11.0 024
53.673 6.1 316
53.673 6.1 332
54.138 8.8 042
54.138 8.8 206
54.749 8.7 123
54.749 8.7 242
54.915 5.2 212
55.274 6.9 402
55.602 6.2 216
55.602 6.2 141
55.784 9.5 143
55.869 14.7 424
56.003 12.8 406
56.003 12.8 241
56.233 3.9 243

56.717 0.2 412



185

2Theta Int. h kI
56.852 0.2 231
57.066 0.1 423
97.175 0.1 320
57.519 1.3 331
58.123 1.3 335
59.192 3.2 222
59.889 3.9 226
60.026 5.3 240
60.373 3.6 244
60.567 2.9 034
60.912 5.8 043
60.912 5.8 422
61.598 6.2 426
61.747 4.1 106
61.848 4.3 133
62.203 11.6 343
62.203 11.6 311
63.218 4.3 317
63.218 4.3 411
63.383 2.3 342
63.635 0.2 344

63.941 0.1 433
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2Theta Int. h kI
64.200 0.1 435
64.200 0.1 152
64.666 0.1 504
64.793 0.1 336
64.926 0.1 515
65.081 0.1 506
65.458 0.1 025
65.934 11 514
65.934 11 232
66.189 0.7 321
66.379 0.4 241
66.379 0.4 516
66.590 1.8 236
66.590 1.8 124
66.692 1.0 213
67.055 2.7 421
67.055 2.7 341
67.171 1.6 327
67.543 2.7 345
67.543 2.7 432
68.010 0.5 153
68.204 0.4 436
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2Theta Int. h kI
68.204 0.4 251
68.411 0.2 253
68.828 0.9 525
69.502 0.9 513
69.801 2.1 044
69.801 2.1 524
70.302 1.0 526
70.302 1.0 517
70.468 2.1 223
70.468 2.1 400
70.992 14 143
71.310 14 227
71.310 14 145
71.738 1.8 408
71.738 1.8 410
71.904 4.1 035
71.904 4.1 444
72.152 2.3 254
72.582 1.9 331
72.993 0.2 418
72.993 0.2 134
73.289 0.6 445
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2Theta Int. h kI
73.289 0.6 523
73.524 2.0 337
73.524 2.0 431
73.753 1.0 346
74.072 0.7 154
74.072 0.7 527
74.831 1.3 242
74.831 1.3 352
75.080 0.8 016
75.080 0.8 535
75.472 2.6 420
75.472 2.6 246
75.608 1.5 060
76.161 3.4 115
76.161 34 534
76.369 3.7 442
76.625 4.5 428
76.625 4.5 117
76.919 5.1 161
76.919 5.1 446
77.712 0.1 251
78.134 0.2 328
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2Theta Int. h kI
78.134 0.2 162
78.444 1.7 606
78.444 1.7 351
78.617 1.0 204
78.617 1.0 026
79.013 0.2 522
79.446 0.4 208
79.446 0.4 533
79.663 0.2 616
79.835 0.3 214
79.835 0.3 125
80.209 0.5 528
80.209 0.5 537
80.308 0.4 062
80.308 0.4 127
80.599 0.3 045
80.599 0.3 615
80.811 0.6 218
80.811 0.6 262
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Figure B.2 JCPDS file No. 04-006—7123 of X-ray diffraction pattern of tungsten

oxide.



APPENDIX C

CALCULATION

Particle Size (dgeT)

The average BET equivalent particle size (dget) was calculated using

B 6
SSABET psample

BET

where:

SSAger s specific surface area

Psample is the density of sample
1. Unloaded WO3; and Pt-loaded WO3 nanoparticles synthesized by FSP

1.1 Unloaded WO;

The specific surface area of unloaded WOj is 84.12 m?/g and pwos is 7.16 x 10% kg/m®

6
d
T 84.12m?/g x 7.16x10° kg/m®

9.96 nm
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1.2 0.25 wt.% Pt-loaded WO3 nanoparticles
The specific surface area of 0.25 wt.% Pt-loaded WO3 nanoparticles is 96.57 m?/g

6

d. =
T (96,57 m?/ gx7.16 X 10° kg/m*x99.75Wt.%WO, /100 )+ (9657 m? / gx21.45 x 10°kg/ m*x0.25wt.%Pt /100)

= 8.70 nm
1.3 0.5 wt.% Pt-loaded WO3 nanoparticles
The specific surface area of 0.5 wt.% Pt-loaded WO5 nanoparticles is 94.92 m%/g

i\ 6
T (94.92 m?/ gx7.16 x 10° kg/m*x99.5wt. %WO, /100 )+ (94.92 m? / gx21.45 x 10°kg / m*x0.5wt.%Pt /100)

= 8.87 nm

1.4 0.75 wt.% Pt-loaded WO3 nanoparticles
The specific surface area of 0.75 wt.% Pt-loaded WO3 nanoparticles is 97.11 m%/g

6

d -
T (97.10m? /gx7.16 X 10° kg/m*x99.25wt. %WO, /100)+ (97.11 m? / gx21.45 x 10°kg/ m*x0.75wt. %Pt /100)

= 8.69nm

1.5 1.0 wt.% Pt-loaded WO3 nanoparticles
The specific surface area of 1.0 wt.% Pt-loaded WO5 nanoparticles is 96.19 m*/g

1] a 6
"7 (96.19 m?/ gx7.16 x 10° kg/m*x99.0wt.%WO, /100)+ (96.19 m? / gx21.45 x 10°kg/ m*x1.0wt. %Pt /100)

= 8.80 nm
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2. Unloaded WO3; and Pt-loaded WO3; nanoparticles synthesized by the

hydrothermal method

2.1 Unloaded WO3
The specific surface area of unloaded WOj is 9.94 m?/g and pwos is 7.16 x 10° kg/m*

6
9.94m?*/g x 7.16x10° kg/m?®

d BET

84.30 nm

2.2 0.25 wt.% Pt-loaded WO3 nanoparticles
The specific surface area of 0.25 wt.% Pt-loaded WO3 nanoparticles is 12.39 m%/g

7 6

d
T (1239 m?/ gx7.16 x 10° kg/m’x99.75wt.%WO, /100 )+ (12.39 m? / gx21.45 x 10°kg/ mx 0.25wt.%Pt /100)

= 67.80 nm

2.3 0.5 wt.% Pt-loaded WO3 nanoparticles
The specific surface area of 0.5 wt.% Pt-loaded WO5 nanoparticles is 12.66 m?/g

- 6
T (12,66 m?/gx7.16 X 10° kg/m*x99.5Wt.96WO, /100 )+ (12.66 m? / gx21.45 x 10°kg/ m*x0.5wt. %Pt /100)

= 66.52 nm
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2.4 0.75 wt.% Pt-loaded WO3; nanoparticles

The specific surface area of 0.75 wt.% Pt-loaded WO3 nanoparticles is 15.07 m?/g

", 6
T (15.07 m?/ gx7.16 x 10° kg/m’x99.25wt. %WO, /100 )+ (15.07 m? / gx21.45 x 10°kg/mx0.75wt.%Pt /100)

= 56.03 nm

1.5 1.0 wt.% Pt-loaded WO3 nanoparticles

The specific surface area of 1.0 wt.% Pt-loaded WO5 nanoparticles is 15.04 m%/g

i 6
T (15,04 m?/gx7.16 x10° kg/m*x99.0Wt.%6WO, /100)+ (15.04 m?/ gx21.45 x 10°kg/m’x1.0wt.%Pt /100)

= 56.28 nm
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