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79-1910 Wavelength= 1.54060 C
Si02 28 Int h k | 2a Int h k |
Silicon Oxide 20857210 100 81481 23 310
26637999 1 0 1 83826 14 3 11
}/42 687 110 B4941 2 024
Quartz 39462 686 01 2 gro62 1 2 2 2
- - =P — 40287 29 1 11 87433 2 03 3
Rad.: Cukati: 1.54080 Filter; d-sp: Calculated 47448 49 2 0 0
Cutoff: 17.7 Int.: Calculated Weor: 3.07 45790 27 0 21
Ref: Calculated from ICSD using POWD-12++, {1997) 50134110 11 2
Ref: Hazen, R.M et al., Solid State Commun., 72, 507 (1989) 50614 4 003
868 33 20 2
55319 14 10 3
Sy=. Hexagonal 5.6 P3421 (152) 57227 2 210
. i e . .4 apne 99953 77 2 11
a 4.914{1) I o 2.406(1) A C:1.1001 BA006 14 11 3
S fi: ¥ Z 3 mp: 62779 4 300
i B7.735 46 21 2
e 68134 57 0 2 3
65306 80 3 0 1
- 73455 17 01 4
Do 2648 Dm ICSD #: 067121 75651 22 0 2 2
77662 12 220
o N § i . 79871 23 1 2 3
Peak height intensity. R-factor: 0.038. PSC: hP9. Mwt: 81157 19 1 1 4

50.08. Volume{CD]: 113.05.

Jﬂilﬁﬂ & 1998 JCPDS-International Centre for Diffraction Data. All rights reserved
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Appendix Figure A1 XRD reference data of silicon oxide in quartz form
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77-1316 Wavelength= 1.54080 C
Si02 28 Int h k | 28 Int h k

Silicon Oxide 21990999 1 0 1 60330 22 3 11
25318 7 110 2040 25 3 0 2
28451 83 11 1 5113 19 3 1 2
Cristobalite, syn 31453103 10 2 GS5BS2 13 2 0 4
i - — — 36109121 200 BEA43 11 2 2 3
Rad.: Cukati: 1.54060 Filter: d-zp: Calculated wamE 47 1 1 2 B7935 1 320
Cutoff: 17.7 Int.: Calculated Ifleor.: 4.91 /448 1 201 68639 18 2 1 4
Ref: Calculated from ICSD using POWD-12++, (1997) 40548 1 210 BO456 9 3 21
Ref: Pluth, J.J., Smith, J.V., Faber, J., J. Appl. Phys., 57, 42681 24 211 G804 6 303
1045 (1985) 43161 2 10 3 70500 15 1 0 5
44847 21 20 2 72710 18 3 1 3
Sya.: Tetragonal 5.G.P44242 (82) 47046 44 11 3 73394 1 115
i v\ - . . . 48627 43 21 2 73933 17 3 2 2
a: 4.9709(1) b c B.9278(2) A: C: 1.3037 cqe61 4 2 20 76610 1 200
a il ¥ Z4 mp: 52816 7 00 4 77281 6 22 4
Ref Ihid 53767 1 221 78062 9 401
s 54172 22 20 3 79063 1 205
56196 4 10 4 79423 12 410
. . . 57110 30 3 01 gooee 1 304
Dx 2331  Dm ICSD#: 47220 57498 12 213 80861 2 4 11
56E85 4 310 81192 11 3 2 3
-y o § . . 58877 4 222 81853 11 215
Peak height intensity. R-factor: 0.000. PSC: tP12. Mwt: 50448 1 1 1 4 B2211 4 330

60.08. Volume[CD]: 171.18.

2o Int h k I
82376 3 402
82670 6 3 1 4
83638 3 331
82145 1 41 2
86455 1 106
87901 4 33 2
89210 15 4 2 1
89210 15 1 1 6
89482 10 40 2

‘AL.M_DLL@J 1988 JCPDS-International Centre for Diffraction Data. All rights reserved
PCPDFWIN v. 2.01

Appendix Figure A2 XRD reference data of silicon oxide in synthesis cristoballite

form



08-0013 Wavelength=1.5418

w-AI203 2q Int h k | 2 Int h k |
Aluminum Oxide 14.449 20 57.687 20
16.233 20 60.077 40
19.598 20 61579 10
28332 10 G2.547 40
; - e — 20.281 40 64.334 60
Rad.: CuKa a: 1.5418 Filter: Ni Beta  d-sp: 30,088 10 65039 80
Cut off: Int.: Estimation Iflcor.: 31.387 50 G6.661 40
Ref: Rookshy, H., X-Ray Identification and Crystal Structures.~ .-992 70 67.695 100
of Clay, 264 (1951) 32929 80 70301 20
ay, = 3.911 100 72289 20
35.680 80 73132 20
Sys.: S.G: 35993 20 73.863 20
. . 38.990 80 75.1683 20
a b c A C: 20073 30
'S i ¥ Z mp: 42647 90
. 44,178 10
Ref. 44870 €0
46473 10
. . ooy . _ 47.503 40
Dx: Dm: SSIFOM:F = 48664 0
49.974 10
2
Synthetic form - produced at low temperature, said to be a ggigg ‘ig
mixture of "new” « alumina and & alumina. 5‘3_.?96 10
* Reflections corresponding to those of ¢ alumina. SR 9R3 50

Deleted by JVS March 8, 1980. Mwt: 101.96.

Iu@ & 1998 JCPDS-International Centre for Diffraction Data. Al rights reserved
PCPDFWIN v. 2.01

Appendix Figure A3 XRD reference data of aluminum oxide in k-Al,O3 form
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83-2080 Wavelength= 1.54080 C
Al203 2q Int h k | 2q Int h k |
Aluminum Oxide 25558683 01 2 B5472 27 1 2 8
35140999 1 0 4 B5.968 62 0 210
37763480 110
Corundum - synthetic 41688 S D06
; - = — 43339951 11 3
Rad.: Cukatx: 1.54060 Filter: d-ap: Calculated G161 14 20 2
Cutoff: 17.7 Int.: Calculated Weor.: 1.00 52533457 0 2 4
Ref: Calculated from ICSD using POWD-12++, (1997) 57482906 11 6
Ref: Finger, L\W., Hazen, R.M., Year Book Camegie Inst. 50717 23 21 1
Washington, 76, 525 (1977) 61106 33 1 2 2
~ 61286 83 01 8
Sys.: Rhombohedral 5.6 Rac (167) 549343 21 4
. - . - . B8.181521 3 00
a: 4.7607(9) c 12.9952) A C:2.7296 70391 11 12 5
: il ¥ Z B mp: 74277 13 20 8
- 76.854 145 1 010
Ref. lbid. 77213 85 11 9
80389 & 217
. . 5 - W 80684 57 220
D 3.983 Dm: ICSD#: 200140 83184 6 0 3 B
84320 45 2 2 3
o " § . ) 85102 3 1 3 1
Peak height intensity. R-factor: 0.030. PSC: hR10. Mwt: 85313 313 31 2

101.96. Volume[CD]: 255.08.

‘&L.IEEL & 1988 JCPDS-International Centre for Diffraction Data. All rights reserved
PCPDFWIN v. 2.01

Appendix Figure A4 XRD reference data of aluminum oxide in corundum form
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82-0512 Wavelength=1.54060 C
Sio2 28 Int h k 1 28 Int h k |
Silicon Oxide 21762999 1 0 1 61491 19 3 0 2
25184 5 110 B4547 29 20 4
28212 72 111 B4547 29 3 1 2
Cristobalite 30962 87 10 2 G032 12 2 2 3
i ) —— — 35914159 11 2 B7S511 21 21 4
Rad.: CuKata: 1.54060 Filter: d-ap: Calculated 914159 2 0 0 B7511 21 3 20
Cutoff: 17.7 Int.: Calculated Weor.: 5.35 3BAT2 1 201 BBOES 21 10 5
Ref Calculated from ICSD using POWD-12++, (1997) 40326 1 210 BB9ES 21 3 21
Ref. Lacks, D.., Gordon, R.G., Phys. Rev. B: Condens. Matter, 42385 20 1 0 3 71877 15 11 5
48,2889 (1993) 42385 20 211 71877 15 31 3
44363 28 20 2 73310 15 3 2 2
Sys . Tetragonal 5G.:P44242(92) 46269 40 11 3 76118 8 2 2 4
. . . . . 45133 43 21 2 78118 8 400
a: 4.997 b c. 7.07 A C: 14148 c1674 £ 0O 4 77535 10 2 0 5
al B ¥ Z4 mp: 51674 6 2 20 77535 10 4 01
Ref Iuid 53400 23 20 3 78927 12 3 0 4
o 53400 23 2 21 78927 12 410
55068 4 10 4 80281 24 21 5
. . . 56734 47 21 3 80281 24 3 2 3
Dx 2261  Dm: ICSD #: 074530 56734 47 301  BIET0 11 3 1 4
5639 5 222 B1670 11 4 0 2
o o § . . 5839 S5 310 B3083 3 3 31
Peak height intensity. R-factor: 0.112. PSC: tP12. Mwt: 59934 18 2 1 1 BA470 0 10 6

60.08. Vaolume[CD]: 176.54.

=

2a Int h

84429 2 4
87120 15 1
87120 15 3
88.526 12 4
88.526 12 4
89.869 3 3

[ S = SR
R L = ]

‘&Lﬁﬂ & 1998 JCPDS-International Centre for Diffraction Data. All rights reserved
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Appendix Figure A5 XRD reference data of silicon oxide in cristoballite form



79-1455

Wavelength= 1.54060

81

c

Al SIS 41007

Aluminum Silicon Oxide

Mullite - synthetic

Rad.: Cukaix: 1.54060 Fiter:

Cut off: 17.7  Int.: Calculated
Ref: Calculated from ICSD using POWD-12++, {1997)
Ref: Ban, T., Okada, K_, J. Am. Ceram. Soc., 75, 227 {1992)

Iflcar:: 0.83

d-sp: Calculated

Sys.: Orthorhombic

a: 7.5539(2) b:7.6909(2) c: 2.88391(8)

il B:
Ref: lhid.

Dw: 3.158 Dm:

¥

5.G.: Pbam (55)

Z1

ICSD # : 066449

A:0.9822 C:0.3750
mp:

Peak height intensity. R-factor: 0.011. PSC: oP15.70. Mwit:
318.64. Volume[CD]: 167.54.

20

Int

16.435 590

231N
23.536

1
22

25.980 850

26.266 999

30.984 183
33.221 382
35.269 474
37.000 133

37.556
39.008

12
&

39.274 174
40.864 555
42.588 194

42898
45.063
47.235
48.145
48.838
49,008
48.453
50.783
53.430

29
=
10
62
&
5
&7
14
61

=

MWW= 2hOMNWKNANO W= SO 2O

=

W LW EDEMMODMORM 2WSRO 2RO =

0022000200222 00=20=200000

2o

53.590
53.851
54.056
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58.362
58.969
58.702

Int

34
71
111
139
53
13
10

60.688 357

B0.878
61.469
62.613
63.056
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75101
T2.446
76.630
78.827
77173
78.258
78.782
80.152
80.474
50.474
50.687
80.978
52238
83.440
B3.765
83.765
54.463
54.983
85.616
85.944
56.474
&87.028
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5B.564
58.6883
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§9.070

12
105
42
107
107
33
17
32
]
16

B

-

-
DO MmO o

L L =
LN R e 0o

=

[, W SN O e 6 U R P O e Y e T N N RO I ORI e R B O O e T RCE T S R

=

S O T S U » L R S s Y SN e QS IO P I O e S U s s S T e TS T N O

SRS A SO NMNMNN S s NNOO00SNNoOoD SN0 02NN

JiliLﬁﬂ@ 1958 JCPDS-International Centre for Diffraction Data. All rights reserved
PCPOFWIN v. 2.01

Appendix Figure A6 XRD reference data of aluminum silicon oxide in mullite form
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747350 Vaveienath= 1.54060 c
MazZwos 2 It h ok
Sodum Tungsten Cxide 16806855 1 1 1
27612099° 2 2 O
32400037 3 1 1
3088 5 2 2 2
. — —— . 30447 13 4 0 O
Fad.: CuFals: 1.54060 Fier oep Calouat=n  aater i 100
Cutom 17.7 Int: Calcuated INeor: 9.10 4EEDH 341 4 2 2
Ref: Calculated from ICSD using POWD-12++, (1997 SZO04251 5 1 1
Ref Sadlkov, G.G. Shisnakov, M.A., [zv. Akad, Mask SSSR, Ser 57015240 4 4 0
KHim., 1965, 1277 (1965) SoEEE 113 5 3 1
E4400123 & 2 O
SyE.: Cubic .30 Fo3m (227) ETAE1 TE 5 3 3
i . . . _ Ti5 & 4 4 4
20,13 b o A c: T = 223
a & i =2 e 7E30Z121 5 4 2
. BOTH 117 7 3 1
Rt 1oid. #4902 25 & 0 0
BT355 11 7 3 3
De 5428 D ICSD® - 028474

Peak helgnt Intensity. R-factor: 0.050. P2CC oF56. Maw
293.83. Wolume[CD]. 751.05.

Jtll:lﬁ:u:- 1935 JCPDS-Intemational Canire for Diffraction Data. A1 nghts ressrved
PCPDFWIN v, 2.01

Appendix Figure A7 XRD reference data of Na,WQO,



73-1826 Wavelength= 1.54060

Mn203 28 nt hok 1 25 it h k I

Manganess Oxide 162589 1 1 1 1 42896 7 2 0 4

18819 11 0 0 2 42896 7 4 20

18819 11 D 2 O 44023 1 1 4 2

21087 1 0 2 1 4023 1 4 21

: . —— — 24087 1 2 10 45120 91 3 2 3

Rad.: Cukaia: 1.54060 Filter: d-zp: Calculated 33115173 1 2 1 45120 91 3 3 2

Cutoff: 17.7 Int.: Calculated WMeor: 5.07 23415173 2 1 1 47244 12 2 4 2

Ref: Calculated from ICSD using POWD-12++, (1997) 26753 1 20 2 47244 12 4 2 2

Ref- Norrestam, R_, Acta Chem. Scand., 21, 2671 (1967) 26753 1 2 2 0 48300 2 3 0 4

28415 4 212 48300 2 4 3 0

28415 4 2 2 1 497309106 3 4 1

Sys.: Orthorhombic 5.G.: Pbea (61) 329i9999* 2 2 2 49309106 4 3 1

3

a 9.4118(8) b 9.4177(7) © 9.4233(7) A:0.9984 C:1.0006 2,200 1 9 3 o oam 1 2313

o B ¥ Z 16 mp 35634 17 2 1 3 52082 1 3 4 2

R 1bid 35634 17 3 2 1 52082 1 4 3 2

- Ioid. 38171146 0 0 4 53227 21 1 5 2

38171146 4 0 O 53227 21 5 2 1

. . _ 39416 1 0 4 1 55723293 4 0 4

Dx: 5022  Dm ICSD # - 024342 39416 1 410 55123293 4 4 0

0832 11 1 4 1 56088 2 4 1 4

Peak height intensity. R-factor: 0.030. C.D. Cell: a=9.418, j??gg 1:: ':11 :13 ; gg?? ”Ig '; j ;
t i p . .

b=9.423, c=9.412, a/b=0.9994, c/b=0.9988, 5.G.=Pbca(61). pEECERE Short 18 333

PSC: oP80. Mwt: 157.87. Volume[CD]: 835.26.

2n

=
=
=
S
5
El
=3
-

57.871
57.871
S58.781
S58.781
59.672
59.672
60.557
80.557
62.299
62.299
53,169
62,169
64.047
64047
54.889
64,889
65,683 132
65.683 132
66545 1
66545 1
67.423 35
67.423 35
69.039 2

69.852
69.852
T0.678
70.678
71.425
71.435
71.530
71.530
72,269
72269
73136
T3.136
73.8594
73.894
75.493
75493
7e.221
76.281
77.830
77.830
T9.443
T9.443
80.178
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Appendix Figure A8 XRD reference data of Mn,O3



72-0475 Wavelength= 1.54080

MAWOS 26 It h ok I 26 It h ok I
Manganese Tungsten Oxide 15397159 0 1 0 51000 12 0 3 1
18381614 1 0 0 51246201 1 3 0
23590556 0 1 1 51773 31 1 2 2
24064396 11 0 52169143 7 0 2
, , —— — 29837539* T 1 1 52364 93 1 2 2
Rad.: Cukati: 1.54060 Filter: d-zp: Calculated 30302944 1 1 1 52501152 7 2 1
Cutoff 17.7 Int: Calcuiated Vcor - 507 31080231 0 2 0 53086 150 2 2 1
Ref: Calculated from ICSD using POWD-12++, (1997) 35973373 0 O 2 53339123 2 0 2
Ref: Weitzel, H., Z. Kristallogr., Kristallgeom., 35973373 0 2 1 54526 31 1 31
Kristallphys., Kristalichem, 144, 238 (1976) 35349 86 1 2 0 54729 25 71 2
37256164 2 0 0 54811 24 1 3 1
Sys.: Monoclinic S.G.: P2 (13) 39330 11 0 12 55862 9 2 1 2
. b ! ) . 40330133 1 0 2 57262 18 3 0 0
2:4.8238(7) b:5.7504(1) ©4.99015) A08389 08678 L0300 1 0§ 2 s 200
a: p: 91.180(1) ¥ z2 mp 40534 38 T 2 1 59674 14 3 10
Ret: 1o 40912173 1 2 1 BOB54 125 T 1 3
- Ibid. 41042109 1 0 2 51452 92 1 1 3
Eroh BEEEN - FEEE

. . _— . . 5
Dx 7266  Dm: ICSD # - 015850 Pl I e xz22e
44905 82 2 1 1 53030 57 2 2 2
Peak height intensity. R-factor: 0.038. C.D. Cell: a=4 990, 47390 30 0 3 0 E3183121 3 11
b=5.750, c=4.824, 3~91.18, a/b=0.8678, c/b—0.5389 48.261140 0 2 2 63938 81 1 3 2
750, c=4.824, (9118, 8678, 8389, 49780131 2 2 0 B4456 100 1 3 2

5.G=P2a(13). PSC: mP12. Mwt: 302.79. Volume[CD]: 138.39.

=
o
a
=
=1
=
=

Za Int

§4.701 102
66593 15
57.516 18
§7.784 88
67.991 46
68270 17
G68760 9
59166 2

g2.934 2

62934 2

70251 2

70785 2

71.031 35
71.031 35
71413 2

72422 11
73122 2

74093 18
75847 2
76281 2

76.382 2

763382 2

T7.420 48
77420 48
77815 17
78288 5
75389 6
TETM 13
TETM 13
72.001 14
72418 35
79742 66
72742 66
80214 435
80837 6
81.503 3
81828 &
83788 16
84.100 11
84601 44
84.601 44
86701 33
87.033 40
87.033 40
87173 2

87.748 47
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Appendix Figure A9 XRD reference data of MNnWO,
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80-0132 Wavelength= 1.54080 C
Mn{WOd) 2 Int h k 1 2 Int h k 1
Manganess Tungsten Oxide 15370194 0 1 0 52130144 T 0 2
18357643 1 0 0 52286107 1 2 2
235681545 0 1 1 52432158 2 2 1
24028455 1 1 0 52997173 2 2 1
- : — p— 20807 999* 1 1 1 53259122 2 0 2
Rad.: CuKaia: 1.54060 Filter: d-zp: Calculated 30256949 1 1 1 51438 19 1 3 1
Cut off: 17.7 Int.: Calculated lflcor.: 4.88 31025204 0 2 0 54683 27 21 2
Ref: Calculated from IC5D using POWD-12++, {1597) 35969484 0 0 2 =683 27 1 3 1
Ref: Macavei, J., Schulz, H., Z. Kristallegr., 207, 193 (1993) 35969484 0 2 1 55776 11 2 1 2
3288 72 01 20 57181 16 3 0 0
37208167 2 0 0 5¥601 33 01 3
Sys.: Monoclinic S.6G..P2c(13) 3301 14 01 2 59587 17 3 1 0
. - - R . 40304129 1 0 2 G0607 121 1 1 3
ar 4.83(1) b 5760309 co4.994(1) AI0.83285 CI0.8670 40844189 1 2 1 0810 86 0 3 2
al B 9114002y ¥ Z 2 mp: 40993112 1 0 2 61376 87 1 1 3
Ref Ibid 43377 55 11 2 1689 46 2 3 0
N . 44026 62 1 1 2 61913 50 2 2 2
44193 73 2 1 1 2322 93 3 1 1
. . . 44833 77T 2 1 1 62926 50 2 2 2
Do 7.239 Dm: ICSD & 0572068 47304 32 0D 3 0 63080 114 3 1 1
45200126 0 2 2 63.850 83 1 3 2

b IR 1

Peak height intensity. R-factor: 0.000. C.D. Cell: a=$.994, e 130 Fepeclb il
b=5780, c=4.830, p=91.14, a/b=0.8670, c/b=0.8385, 21716 24 1 2 2 BAB2G 100 D 2 3

5.G.=P2/a(12). PSC: mP12. Mwt: 302.72. Volume[CD]: 138.92.

=
-
[N
=
=l
=
=

2a Int

64.626 100
66.489 12
67.449 2
67.857 890
67.860 46
68176 18
goesd 9
69.071 20
69.879 2
70133 2
70657 2
70895 44
70.885 44
71.306 18
72288 12
73.023 2
73980 18
75540 1
76210 2
76.210 2
76307 2
77.285 50
77.285 50
77.689 18
78189 3
78311 6
78852 7
87T 7
78876 9
79.025 7
79284 24
79.601 56
56
42
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86.848 26
87107
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87.625 43

CHRI Pt G0 GO i b b B o PO | o L0 0 | D L CAIRINO) D00 R RIILD R i G G PRI L0 =t =2 O = L O
G I s (] o ot o PO L O L WO WK WM EOWWW = bk ok ORI
MR EOW=S W02 b0 k220N WEREWUORN WK EDRNKNMN WS SN WS N WO sWwoo

JI‘:ILM—D:L@ 1998 JCPDS-International Centre for Diffraction Data. All rights reserved
PCPDFWIN v. 2.01

Appendix Figure A10 XRD reference data of Mn(WO.,)



80-0133 Wavelength= 1.54080

Mn(Wo4) ER nt h k1 24 it h k I
Manganese Tungsten Oxide 15368192 0 1 0O 51152213 1 3 0
18366648 1 0 0 51701 25 T 2 2
23552547 0 1 1 52128144 7 0 2
24034458 1 1 O 52270110 1 2 2
, _ a— — 29805999 T 1 1 50440156 T 2 1
Rad.: Cukaix: 1.54060 Filter: d-zp: Calculated 30254948 1 1 1 53004 175 2 2 1
Cut offt: 17.7 Int.: Caleulated Vicor: 4.88 31021203 0 2 0 53256122 2 0 2
Ref Calculated from ICSD using POWD-12++, (1997) 35950445 0 0 2 54432 19 1 3 1
Ref: Macavei, J., Schulz, H., Z. Kristallogr., 207, 193 (1993} 35960445 0 2 1 =4680 27 Z 1 2
36289 73 1 2 0 S4680 27 1 3 1
37227167 2 0 0 55773 10 2 1 2
Sys.: Menoclinic S.G.: P2 (13) 39280 15 0 1 2 57210 16 3 0 0
, o o . , 40288132 T 0 2 57555 33 0 1 3
8:4.8277(8) :5761(1) c:4.997(\8) A:0.8380 C:0.8674 407360 30 2 1 0 20612 17 310
p p: 91.14001) ¥ z2  mp 40492 50 T 2 1 BOSTE 121 T 1 3
Ref: 1bid 40840191 1 2 1 BO790 B1 0 3 2
- Ibid. 40878117 1 0 2 B1.345 87 1 1 3
13011 8 113 B0 5 3395

. . S . . 2 3
Dx. 7.237  Dm: ICSD # : 067907 44204 86 3 1 1 E2346 93 3 1 1
44844 78 2 1 1 E2922 49 2 2 2
Peak height intensity. R-factor: 0.000. C.D. Cell: a=4 597, 47.298 32 0 2 0 63103116 3 1 1
b=5.761, c=4 828, p=01.14, a/lb=0 8674, c/b=0 5350 48.180126 0 2 2 63833 84 1 3 2
781, c=4.828, §=01.14, 8674, 8380, 49215118 2 2 0 B4332103 1 3 2

S.G.=P2Zfa(13). PSC: mP12. Mwt: 302.79. Volume[CD]: 138.95.

-
b
=1
2
=
E

2o Int

54.591 104
66.514 12
57.418 20
67.645 88
§7.855 46
88.145 18
g68.708 9
62092 30
§9.859 2

59.859 2

70145 2

70848 2

70885 43
70.885 43
71.286 18
72310 12
73017 2

73933 18
72505 1
76.156 2

76.286 2

76.286 2

77.308 =0
77.306 S0
77.669 19
78257 6
78881 10
78661 10
TE84 B
72007 ©&
79339 33
79600 7O
79500 7O
80056 42
a0.yes 7
8147 3
81.677 10
83712 14
83910 9
84.519 37
84.519 37
86.545
86,839 38
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J‘:L.I,I_ﬁl;gl 1958 JCPDS-International Centre for Diffraction Data. All rights reserved
PCPDFWIN v. 201

Appendix Figure A1l XRD reference data of Mn(WOQO,)



76-0935 Wavelength= 1.54060

5102 20 Int h k | 2a Int h k |
Silicon Oxide 21943999 1 0 1 60220 23 3 1 1
25278 7 1.1 0 61911 25 3 0 2

28396 85 1 1 1 64978 20 3 1 2

Cristobalite low temperature form - from Ellora Caves, Indi- 31366103 1 0 2 66454 13 2 0 4
Rad.: CuKatli: 1.54060 Filter: d-sp: Calculated %gggé 133 % ? g g?g?]g 1% % % 8
Cut off: 17.7 Int.: Calculated Iflcor: 5.01 30378 1 2 0 1 68436 20 2 1 4
Ref. Calculated from ICSD using POWD-12++, (1997) 40481 1 2 1 0 69326 9 3 21
Ref: Peacor, D.R., Z. Kristallogr., Kristallgeom., 42604 26 2 1 1 69634 6 3 0 3
Knstallphys., Knstallchem., 138, 274 (1973) 43028 2 1 0 3 70248 16 1 0 &5
44747 20 2 0 2 72534 19 3 1 3

Sys.: Tetragonal 5.G.:P442¢2 (92) 46910 45 1 1 3 73138 1 1 1 5
. . . . . 48520 46 2 1 2 73779 19 3 2 2
a: 4.9787 b: c: 6.9502 A C:13980 £ig03 4 2 2 0 76468 1 4 0 0
@l B: Ik Z:4 mp: 52633 7 00 4 T7.061 6 2 24
Ref Ibid 53671 1T 2 21 Tr912 9 4 01
: ) 54028 22 20 3 78795 1 2 05
56010 4 10 4 79274 12 4 1 0

. . 5 - 57006 32 3 0 1 79861 1 3 0 4
Dx: 2.317 D ICSD # : 034927 57349 12 2 1 3 80704 3 4 1 1
58585 4 3 1 0 80995 12 3 2 3

Peak height intensity. R-factor: 0.037. PSC: tP12. Mwt: i 5 227 sleld 12 215

60.08. Volume[CD]: 172.28.

2e Imt h k |
82200 3 4 0 2
82636 7 3 1 4
83474 4 3 3 1
84960 2 4 1 2
as118 1 1 0 6
87710 4 3 3 2
88864 14 1 1 6
88974 10 4 2 1
89262 8 4 0 3
89839 1 2 25

J:“%EL@ 1998 JCPDS-International Centre for Diffraction Data. All nghts reserved
PCPDFWIN wv. 2.01

Appendix Figure A12 XRD reference data of silicon oxide in cristoballite form



88

03-0227 Wavelength= 1.7902
Sio2 20 Int h k |
Silicon Oxide 24029100 2 2 0O
25346 80 0 0 4
27176 80 1 4 1
Tridymite, (heated) 31974 20 0 0 5
. P— o 35203 40 2 2 4
Rad.: CoKa : 1.7902  Filter: Fe203 d-sp: 143.2 42494 60 4 0 0
Cut off: Int.: Estimation I/lcor.: 44380 10 1 7 O
: 46.018 20 0 4 6
Ref: Clark, C., J. Am. Ceram. Soc., 29, 25 (1946) 51242 10 4 4 2
52327 10 2 7 3
54.048 10 4 0 5
Sys.: Orthorhombic S.G.: 57196 10 2 1 8
. . . . . 61.139 10 1 8 5
a: 9.88 b: 17.1 c:16.3 A:0.5778 C:0.9532 64339 10 0 8 6
ol B: ¥: Z: 64 mp: 67.554 10 110 3
2 - 69.016 10 2 4 9
Ref: Wyckoff, The Structure of Crystals, 1st Ed. 71611 10 6 4 1
72155 10 6 1 4
. ; . p . - 1 80.175 10 6 4 5
Dx: 2.319 Dm: 2.260 SS/FOM: Fop= 1(0.042,829 ) 81591 10 7 3 0
4 i . 84599 10 7 1 4
sa: 1.478 nop: 1.479 =y 1.481 Sign:+ 2V: 87875 10 211 5

Ref: Ibid.

Color: Colorless

Heated 3 hours to 1400 C, held at 1400 C for 5 hours. Low
form. Low tridymite occurs in many polytypic forms, the
patterns of which are characterized by the same strong
reflections and different weak ones. C.D. Cell: a=16.300,
b=17.100, c=9.880, a/h=0.9532, c¢/b=0.5778, S.G.=. Delete:
Berry parcel of March 25, 1962, for Set 14. Mwt: 60.08.
Volume[CD]: 2753.85.

Jﬂ'\_‘m‘@ 1998 JCPDS-International Centre for Diffraction Data. All rights reserved
PCPDFWIN v. 2.01

Appendix Figure A13 XRD reference data of silicon oxide in tridymite form



32-1187 Wavelength= 1.5418
Na2w207 2g Int h k |
Sodium Tungsten Oxide 10432 45
11.644 20
15656 B85
18.368 80
Rad. CuKa . 15418 Filter. Ni Beta  dsp. 20488 IS
Cut off: Int.: l/lcor.: 23.101 100
Ref: Drobasheva, T. et al., Russ. J. Inorg. Chem. (Engl %g?gg f:g
Transl), 20, 1714 (1975) S8 055 o0
28.610 80
Sys.: S.G: 29.086 60
. . . 32199 40
a: b c: A C: 32559 40
a: A 1 z mp: 34359 20
. 41618 20
Ref: 45343 30
47.085 30
Dx: Dr: SSIFOM: F = 54.628 30
Mwt: 525.68.

ij@ 1998 JCPDS-Intermnational Centre for Diffraction Data. All rights reserved

PCPDFWIN v. 2.01

Appendix Figure A14 XRD reference data of Na,W,07

21-0647 Wavelength= 2.2909
Mn 2p Int h k |
Manganese 33026100 1 1 1
42933 10 2 1 0
47502 20 2 1 1
55210 60 2 2 0
Rad.: CrKa » 22009 Filter: dsp: S5es o 333
Cut off: Int.: Estimation I/lcor.: 728593 5 3 2 0
Ref: Lux, Ignatowicz, Chem. Ber., 101, 2995 (1968) gi-ggg 1g 2 f 5
90708 20 3 3 1
97034 10 4 2 1
Sys.: Cubic SG:P 100209 10 3 3 2
a: 7.00 b: c A C: 106.347 20 4 2 2
@ (iM T Z [28] mp:
Ref: Ibid.
Do 7.447 Dm: SS/FOM: Fy3=501(0132, 20 )

CAS# 7439-96-5 PSC: cP28. Mwt: 54.94 Volume[CD]:
343.00.

J:‘LWL@ 1998 JCPDS-International Centre for Diffraction Data. All rights reserved

PCPDFWIN v. 2.01

Appendix Figure A15 XRD reference data of Mn
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Date: 05/25/20086

Sample ID
Descripticon
Comments
Sample Weight
Adsorbate
Cross-Sec Area
NonIdeality
Molecular Wt
Station #

Multipoint

DR Method
DA Method
HEK Method
SE  Mecthod

Quantachrome Corpcration

Quantachrome Autosorb Automated Gas Sorption System Report
Butosorb for Windows® Version 1.19

SilicaPoder
TISTR

0.0856 g
NITROGEN

6.580K-03

28.0134 g/mol

1

Outgas Temp 300.0 °C
16.2 A2/molecule Outgas Time 3.0 hrs

B/Po Toler 0

Fquil Time 3

Bath Temp. 17.40

BET

Micro Pore wWidth

Pore Diamcter
Pore Width
Pore Diameter

Area

AREA-VOLUME-PORE S]ZE SUMMARY

SURFACKE ARLA DATA

Page 20 of 25

Operator
Analysis Time
End of Run
File Name

Single Point BELT
Langmuir Surface Areca
t-Method bHxternal
t-Method Micre
DR Method Micro Pore

Surface
Pore Surface Arca

PORE S1YE DATA

DR Method Microc Pore Volume
HK Mcthod Cumulative Pore Volume
SF Mcthod Cumulative Pore Volume........

(Mode) ..... .
(MEOARY) wroes v oo s & s s v § SBW S8 §2
(MBAEY coum 2 s wemn v oy wmve TR § B0 P9 ©9

DATA REDUCTION PARAMETERS

Thermal Transpiration : ON

Effective Molccule Diameter (D) 3.5400 A
Effective Cell Stem Inner Diameter (d)

Additional

Last Po Acquired 787.5% mm Hg
Initialization Information No

4.0000

[Nel o=l i el

N SN WY

W=

mm

.228E+402
L153E402
. 5408402
.228E+402
000K 100
.899E+02

+VEE-02
.140E-02

L.075E+02
.800E+01
.838E+01
.506E+01

Rungrueng
81.3 min
05/22/2006
A5010464 .Rs

m* /g
m?/q
m* /g
m? /g
m2/qg
m* /g

cc/g
cc/g
cc/a
celg

e e s

Appendix Figure B1 BET analysis of SiO, powder purified from rice husk ash
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Date: 05/25/2006

Quantachrome Corporalt.ion
Quantachrome Autoscrb Automaled Gas Sorption System Report

Aulosorp for Windews® Version 1.19 Page 17 of 25
Sample ID RHA treat HCL 1M 500C
Descriptiocn TISTR
Comments
Sample Welght 0.1435 g
Adsorbale NITROGEN Qutgas Temp 300.0 °C Operator Rungrueng
Cross-Sec Area 16.2 A?/molecule Outgas Time 3.0 hrs Analysis 'Time 75.4 min
NonIdeality 6.580E-05 B/Po Toler 0 End of Run 05/18/2006
Molecular WL 28.0134 g/mol Equil Time 3 File Name AS0104671 . R
Station # 1 Bath Temp. 77.40
AREA-VOLUME~-PORE SIZE SUMMARY
SURFACK AREA DATA
ML P S BET . coow v o oo oo w008 ¢ W S B 09N SN ¥ AW SR SRR B SARR B 1.248E+02 mi/g
SHRGLEE POVRE BB swue « wvams s wvon & oo s © oo vebi S avind Se0R TAGE & avweR © 1.208K102 m/g
Largmuiy” SUBTacE BAREE: aus vaw wen v awve @ o SR S LN W SRS § SRR 6 1.989F+02 m2/g
T=Mektiod. BEXEarial. BUEfEE BHES. « wus wen o oam wan o wew e oon @ oam & 1.248E+02 m*/g
LeMethod Micrd POEe SUPFAEE BB een o s v cwiss 0wy w50 § ey o 0.000E+00 m?/g
DR Method MIS) POEE AFEB s wwa ¢ vune s o s siws oo 205 ¥a0s § @95 ¢ 1.584E+02 m?/g
PORE VOLUME DATA
t-Mathod, MUGES POEE VOTiiGa: res : oow son 1008 565 0.0 © 508 S0 Da58 & 0.0002400 cc/g
BE MeEHSE IMEEES: POre "VOLlNg: vee v wan ©.06.0 055 .05 0 B85 068 3005 § 5.630E-02 cg/g
HE Method Cumulabive Pote: Nod Umbour vay ot o5 v4 % 9% 253 5055 4.860E-02 cc/g
5 Method Cumulative Pore VoluMesos suv davs s v 5 vad 000 sense A;9B6E-0Z cofg
PORE StTZE DATA
DR Melhod Micro Pore Width . ...veiuinvnrnnnrnrrenrnrnens 1.067K107 A
DR Method Pore Diameter (Mode).....vuvvvruunereeinnnnreenas 1.840E+01 A
HK Method Pore Width [ o L 1.388E+01 A
SF Method Pore Diameter (ModC) ..........evuueuiennennenennnn 2.621E+01 A

DATA REDUCTION PARAMETERS

Thermal Transpiration : ON
Effective Molecule Diameter (D) 3.5400 A
Fffecltive Cell Stem Inner Diametcr (d) 4.0000 mm
Last Po Acquired 788.70 mm Hg
Additional Initialization Information Mot Recorded.

BJH/DH Moving Average Size : 1

[nteraction Constant (K) 2.

o]
>
=
o
3
3
>
(9%}
x
=
[
~
B
D

Appendix Figure B2 BET analysis of RHA_1 500 support



[Mj micromeritics

ASAP 2020 V1.04 H Unit 1
Sample: RHATM-900C
Operator: brs
Submitter:
File: C\2020\DATA'A-PINS~1100

Started: 2/23/2006 12:30:02PM
Completed: 2/24/2006 2:08:26AM
Report Time: 3/7/2006 2:59:39PM
Sample Mass: 0.1528 g
Warm Free Space: 28 4480 cm® Measured
Equilibration Interval: 30 s
Automatic Degas: Yes

Serial #: 189

0-334.SMP

Analysis Adsorptive: N2
Analysis Bath Temp.: -195.834 °C
Thermal Correction: No
Smoothed Pressures: No
Cold Free Space: 89.3228 cm?
Low Pressure Dose: 0.100 cm®g STP

Comments: t2+f=35 46250, 12+f+5=35.6162g, degas=35.6155g,run=35 6153g

Notes:

Summary Report

Surface Area

Single point surface area at P/Po = 0.200159886
BET Surface Area

Langmuir Surface Area

t-Plot External Surface Area

BJH Adsorption cumulative surface area of pores
between 17.000 A and 3000.000 A width

BJH Desorption cumulative surface area of pores
between 17.000 A and 3000.000 A width
Pore

t-Plot micropore volume

BJH Adsorption cumulative volume of pores
between 17.000 A and 3000.000 A width

BJH Desorption cumulative volume of pores
between 17.000 A and 3000.000 A width

Por

- 41534 m3lg
- 51937 mi3g
- 35867 mAg
- 8.0232 mAg

- 1.8465 m3g

- 4 8839 m3g

Volume
- -0.001656 cm3/g

- 0.010235 cm¥g

- 0.014634 cm3g

e Size

BJH Adsorption average pore width (4V/A): 221.715 A
BJH Desorption average pore width (4V/A): 119.857 A

Horvath-Kawazoe
Maximum pore volume at P/Po = 0.000000000: 0.000000 cm3g

Median pore width: 0.0000 A

Appendix Figure B3 BET analysis of RHA 1 900 support
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Date: 05/25/2006

Ouan
Quan

irome Corporation
Quantachrome Autosocrb

Lutomated Gas Sorption System Report
Autosorb for Windows® Version 1.19 Page 23 of 25
Sample ID RHA treat HC1 3M 900C
Description TISTR

omments

Sample Weight 00915

Adsorbate N Outgas 300.0 °c Operator Rungrueng
‘ross-Sec Area 16.2 A?/molecule Cutgas 3.0 hrs Analysis Time 53.3 min
MonTdeallly 6.580L-05 B/ Po 0 Fnd of Run 05/22/2006
Molecular Wt 28.0134 g/mol Equi | = File Name 5.Ri
Station # 1 Bath 77.40

AREA-VOLUME-PORE SIZE SUMMARY

SURFACE AREA DATA

Multipoint BET 1.098F+01 m?/g
Single Point 1.080E+01 m?/g
Langmuir 1.694E+01 m2?/g
t-Method External 8.498E+00 m?/g
t<Method Micro Pore SUrface Arel. vuw saw ¢ cen sien v anie oo o 5 sa 2.478E400 m?/g
DR Method: MICIo Pofe BESE. wum « own i i & 00 Suih 3 o 0@ Wi & s 1.523K101 m?/g
PORE VOLUME DATA
E-NMeThod Micre Pore VOoIllmehay youy vas 290 & 003 05 ¢ S5 wan wws & 5 .306E-03

DR Method Micro Pore Volume..
[IK Method Cumulative Pore Vel
ST Method Cumulative Pore W

e N

Micro Pore Width

DR 9. A
DA Pore Diameter (Mcde) 1. A
HK Method Pore Width (1 1. A
SI' Method Porc Diamster (Mode 2.630B+01 A

DATA REDUCTION PARARMETERS

Thermal Tr

mffective Molecu
Effective Cell
Last Po

Additional Initliali

nspiration : CON
Diameter (D) 3.5400 A
> ¢ () 4.0000 mm
Hg
ion Not Recorded.

BJH/DH Moving Average Size

Interactlon Constant (K) 2.9600 nm"~3

Appendix Figure B4 BET analysis of RHA_3 900 support
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Date: 11/22/2006
Quantachrome Corporation
Quantachrome Autosorb Automated Gas Sorption Syscem Report
Rutosorb for Windows® Version 1,19
Sample ID Aluminosilicate 1200C
Description TISTR
Comments
Sample Weight 0.1788 g
Adsorbate NITROGEN Outgas Temp  300.0 °C  Operator
Cross-Sec Area 16.2 A?/molecule Outgas Time 3.0 hrs Aralysis Time
NonlIdeality 6.580E-05 B/Po Toler 0 End of Run
Molecular Wt 28.0134 g/mol Equil Time 3 File Name
Station # 1 Bath Temp. 77.40
AREA-VOLUME-PORE SIZE SUMMARY
SURFACE AREA DATA
Multipoint BET............ S 1.160E+01
Single Point BET. ..t toeae e eeeeenaeeassaseaaaaaanaenen 1.140E+01
Langmuir SUrface ArBa. ... ..uuiiieeneeeeereennererennneaennns 1.813E+01
t-Method External Surface Area........ o R RN N RN R SRR G 1.028E+01
t-Method Micro Pore Surface Area...........eeeeeeeennenennns 1.320E+00
DR Method Micro POre Area............o.e.... W e M SRR TS 1.499E+01
PORE VOLUME DATA
t-Method Micro POre VOLUME. . ... uuueunnnnnnannnsnnnas vevsess 6,266E-04
DR Method Micro Pore Volume........ v i SusTe SReS STAVS SRS SHRNE STR SIS 5.326E-03
HK Method Cumulative Pore Volume............ ¥ wocn o wes em wwa xS OLEE
SF Method Cumulative Pore VOlUME. .. .....vuueenueennennaeenns 4.884E-03
PORE SIZE DATA
DR Method Micro Pore Width .. ..... ... it iiinninnnnnnnn 9.190E+01
DA Method Pore Diameter (Mode)........iiiiuerrinnrnnannnnnn 1.780E+01
HK Method Pore Width CMETEIE R 5 wonun msnn fumios spaws cowss smms sapsusss SReK @ 1.417E+01
SF Method Pore Diameter (Mode)....... o R SRECE SNRGE SERSS SRR SEDR 2.657E+01

DATA REDUCTION FARAMETERS

Thermal Transpiration : ON
Effective Molecule Diameter (D) 3.5400 A
Effective Cell Stem Inner Diameter (d) 4.0000 mm
Last Po Acquired 805.36 mm Hg
Additional Initialization Information Not Rege

Interaction Constant (K) 2.9600 nm~3 x‘kg’

Appendix Figure B5 BET analysis of mullite sintered at 1200°C

Page 2 of 13

Rungrueng
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ASAP 2020V1.04H

[M] micromeritics:

Unit 1

Sample: Aluminosilicate
Operator: brs
Submitter:

File: CA20200DATAVA-PINS~1\000-293.5MP

Sernial # 189

96

FPage 23

Started: 1/6/2008 1:50:54FM Analysis Adsorptive: N2
Completed: 1/7/2006 1:52:09AM Analysis Bath Temp.: -185.792 *C
Report Time: 2/9/2006 12:33:45FPM Thermal Correction: No
Sample Mass: 04222 ¢ Smoothed Pressures. No
Warm Free Space: 28.104%9 cm® Measured Cold Free Space: 87.9150 cm?
Equilibration Interval: 30 5 Low Pressure Dose: 0.010 cm®g STP
Automatic Degas: Yes

Comments: 11+f=35 82579 t1+f+s (pre-degas)=36.2492g, run=36.247%g

Summary Report

Surface Area
Single point surface area at P/Po = 0.100183276: 3.0613 m3/g

BET Surface Area: 3.2040 m¥/g
Langmuir Surface Area: 3 6419 m3¥/g
t-Flot External Surface Area: 3.6149 m3ig

BJH Adsorption cumulative surface area of pores
hetween 17.000 A and 3000.000 A width: 1.7404 m3/g

BJH Desorption cumulative surface area of pores
hetween 17.000 A and 3000.000 A width: 25056 m3/g
Pore Volume
t-Flot micropore volume: -0.000122 cm®g

BJH Adsorption cumulative volume of pores
hetween 17.000 A and 3000.000 A width: 0.017357 cm¥g

BJH Desaorption cumulative volume of pores
hetween 17.000 A and 3000.000 A width: 0.024475 cm¥g
Pore Size
BJH Adsorption average pore width (4V/A): 398919 A
BJH Desorption average pore width (4V/A): 390.711 A
Horvath-Kawazoe
Maximum pore volume at P/Po = 0.000000000: 0.000000 cm¥g

Median pore width: 0.0000 A

Appendix Figure B6 BET analysis of mullite 1300°C



Date: 11/22/2006

Quantachrome Corporation
Quantachrome Autosorb Automated Gas Sorption System Report
Autosorb for Windows® Version 1.19

Sample ID Aluminosilicate 1400C

Description TISTR

Comments

Sample Weight 0.4004 g

Adsorbate NITROGEN Outgas Temp 300.0 °C  Operator
Cross-Sec Area 16.2 A2/molecule Outgas Time 3.0 hrs Analysis Time
NonIdeality 6.580E-05 P/Po Toler 0 End of Run
Molecular Wt 28.0134 g/mol Equil Time 3 File Name
Station # 1 Bath Temp. 77.40

AREA-VOLUME-PORE SIZE SUMMARY

SURFACE AREA DATA

MULELIPOIAL BET: cuvs s srane smirs svmsw s v oo o G e TR SAND DN AR SRR O 1.525E+00
Single Point BET...... Ve SR e ST eTs BRNE GRS URIE SRS SN DG SR 1.478E+00
Langmuir Surface Area............ R NN TRV DR DN SIS SRR DAMD MR § 2.421E+00
t=Method Extetnal SUrface AP wn v von v bk ot v 5905 8907 § 1.502E+00
E=Methiod Micre Pore SUTEAGE BX&&uwa s v o s s sdis wie s § 2.272E-02
DR Method MICEo POLE APS8ey cuess sws vwn son vi% vvs o5 ¢ ue ey wew ¢ L IBBERQD

teMethod MICYro POLe “VOLUME: woceu van vws v ves sl o o S oww 2 2.251E-06
DR Method Migio: POTE VOLUME v mwe s o smie a5t wes anis s ses & 6.960E-04
HK Method Cumulative Pore Volume............o..... ¢ s e o ¢ el SAE=0
58 Method, GUmiIlative Pote “Volliievw: s s wass san s oo sy s o 6.302E-04

DR Mebhod Micrt Pors WHHEH o v wis s o ewn sia wies o o 1.012E+02
DA Method Pere Diameter (Mode)...... TN G VRS S R SRR 1.800E+01
HK Method Pore Width IMEART 0 s sows wen wum W S SR SRS ¥ § 1.858E+01
3F Method Pore Diameteér {(Mode) . ... .ououwmcon omsons s v e e S SEAREDL

DATA REDUCTION PARAMETERS

Thermal Transpiration : ON
Effective Molecule Diameter (D) 3.5400 A
Effective Cell Stem Inner Diameter {(d) 4.0000
Last Po Acquired 797.00 mm Hgfz‘wﬂ
Additional Initialization Information,ﬁg} Reco

-
BJH/DH Moving Average Siz%;:_;::fBi

Appendix Figure B7 BET analysis of mullite sintered at 1400°C
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Date: 11/22/2006

Quantachrome Corporation
Quantachrome Autcsorb Automated Gas Sorption System Report
Autosorb for Windows® Version 1.19

Sample ID Alumincsilicate 1500C
Description TISTR
Comments
Sample Weight 0.4553 g
Adsorbate NITROGEN Outgas Temp 300.0 °cC Operator
Cross-Sec Area 16.2 A?/molecule Outgas Time 3.0 hrs Analysis Time
NonIdeality 6.580E-05 P/Po Toler 0 End of Run
Molecular Wt 28.0134 g/mol Equil Time 3 File Name
Station # 1 Bath Temp. 77.40
AREA-VOLUME-PORE SIZE SUMMARY
SURFACE AREA DATA
MULEIPOIAY BETh: oo vup o mo sy s 50000 500 508 9,00 2 3 W owas ey 1 DueddE=01
Single! Boint BETes v vvin v & S8 UER BLY 50 0 Ba B T U Soes tams o 5.690E-01
Langmiiir Surfade ArSayas aws aye on e s v @5 8 08 L3 58 BEG 9% sa 4 8.373E-01
t-Method External Sutface Areac: i sos oun 005 6as vas va% v5% 10 ¢ 1.714E-01
t-Method Micro Pore Surface Area................. ¢SS B g B S 920E=01
DR Method. Miths POrd RPodv. e 35 vy S0 005 v 080 505 UES Vs s & 8.427E-01
PORE VOLUME DATA
t-Method Micro Pore Volume.........oovevunnn. N R TR G Gad 2.068E-04
DR ‘Method Micre Pore Nolue.. vas van vas vds 000 505 Sa oot 2a 5 g ¢ 2.995E-04
HK Method Cumulative Pore VOolume.............v.vunvuns tivess  2.813E-04
SF Method Cumulative Pore VOoluUmMe. .. :ii.uesou' oot voninnsns cnns 2.821E-04
PORE SIZE DATA
DR Method Micro Pore Width s R A VW Y vAn OO B IR 8 6.739E+01
DA Method Pore Diameter (Mode) .....uit i o ennennennns 1.520E+01
HK Method Pore Width e e - F % §TF 1.373E+01
8F Method Poré Dianmeter (Mode): v vws vus vy ooy v 08 sy o5 8 2.574E+01

DATA REDUCTION PARAMETERS

Thermal Transpiration : ON
Effective Molecule Diameter (D) 3.5400 A
Effective Cell Stem Inner Diameter (d) 4.0000 mm
Last Po Acquired 795.67 mm Hg
Additiconal Initialization Information No;gii?&grw

BJH/DH Moving Average Size ff&w

Interaction Constant (K) 2.9600 nm‘é
'

Appendix Figure B8 BET analysis of mullite sintered at 1500°C
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[Mj micromeritics®

ASAP 2020 V1.04 H Unit 1 Serial #: 189

Sample: Na2woO4-Mn-Si02
Qperator: brs
Submitter:
File: C\2020\DATAA-PINS~1\000-335. SMP

Started: 2/26/2006 4:45:37PM Analysis Adsorptive: N2
Completed: 2/27/2006 3:59:21AM Analysis Bath Temp.: -195.834 °C
Report Time: 3/7/2006 2:55:06PM Thermal Correction: No
Sample Mass: 02720 g Smoothed Pressures: No
Warm Free Space: 281210 cm® Measured Cold Free Space: 88 4039 cm?®
Equilibration Interval: 30 s Low Pressure Dose: 0.100 cm®g STP

Automatic Degas: Yes

Comments: 13+f=35 5944q t3+f+5=35 86750, degas=35.86630, run=35.8664¢g

Summary Report

Surface Area
Single point surface area at P/Po = 0.180265712: 2.3711 m3g

BET Surface Area: 3.0182 m¥g
Langmuir Surface Area: 2.1069 m3¥g
{-Plot External Surface Area: 4. 7599 m3/g

BJH Adsorption cumulative surface area of pores
between 17.000 A and 3000.000 A width: 1.0979 m3g

BJH Desorption cumulative surface area of pores
between 17.000 A and 3000.000 A width: 2.0842 m3g

Pore Volume
t-Plot micropore volume: -0.000988 cm®g

BJH Adsorption cumulative volume of pores
between 17.000 A and 3000.000 A width: 0.002389 cm3g

BJH Desorption cumulative volume of pores
between 17.000 A and 3000.000 A width: 0.003426 cm3g

Pore Size
BJH Adsorption average pore width (4V/A): 87.034 A
BJH Desorption average pore width (4V/A): 65.752 A
Horvath-Kawazoe
Maximum pore volume at P/Po = 0.000000000: 0.000000 cm®g
Median pore width: 0.0000 A

Appendix Figure B9 BET analysis of Na,WO,-Mn/SiO, powder

Page 31
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[Mj micromeritics:

ASAP 2020 V1.04 H Unit 1 Serial #: 189

Sample: Na2WO4-Mn-RHA-500C
QOperator: brs
Submitter:
File: CA20200DATAA-PINS~1000-301.SMP

Started: 1/11/2006 4:27:27PM Analysis Adsorptive: N2
Completed: 1/12/2006 1:14:01AM Analysis Bath Temp.: -195.808 *C
Report Time: 2/9/2006 12:19:08PM Thermal Correction: No
Sample Mass: 0.3835¢g Smoothed Pressures: No
Warm Free Space: 27.8909 cm® Measured Cold Free Space: 87.9873 cm?®
Equilibration Interval: 25 s Low Pressure Dosa: 0.100 cm®g STP

Automatic Degas: Yes

Comments: t3+f=35.6033g, t3+f+s=35 9875, degas=35.9864q, run=35.9868g

Summary Report

Surface Area
Single point surface area at P/Po = 0.300136194: 1.1247 m?/g

BET Surface Area: 1.2438 m3¥g
Langmuir Surface Area: 1.2688 m3g
{-Plot External Surface Area: 2.0737 m3g

BJH Adsorption cumulative surface area of pores
between 17.000 A and 3000.000 A width: 0.4169 m3¥g

BJH Desorption cumulative surface area of pores
between 17.000 A and 3000.000 A width: 1.3720 m3g

Pore Volume
t-Plot micropore volume: -0.000417 cm®/g

BJH Adsorption cumulative volume of pores
between 17.000 A and 3000.000 A width: 0.001401 cm?/g

BJH Desorption cumulative volume of pores
between 17.000 A and 3000.000 A width: 0.001910 cmé/g

Pore Size
BJH Adsorption average pore width (4V/A): 134.448 A
BJH Desorption average pore width (4V/A): 55.686 A
Horvath-Kawazoe
Maximum pore volume at P/Po = 0.000000000: 0.000000 cm®g
Median pore width: 0.0000 A

Appendix Figure B10 BET analysis of Na,WQO,-Mn/RHA_1 500
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[Mj micromeritics’

ASAP 2020 V1.04 H Unit 1 Serial #: 189

Sample: Na2WO4-Mn-RHA-900C
Operator: brs
Submitter:
File: C\2020\DATAA-PINS~1\000-305.5MP

Started: 1/12/2006 6:36:25PM Analysis Adsorptive: N2
Completed: 1/13/2006 5:53:52AM Analysis Bath Temp.: -195.808 *C
Report Time: 2/9/2006 12:40:14PM Thermal Correction: No
Sample Mass: 0.2722¢g Smoothed Pressures: No
Warm Free Space: 28.0000 cm® Measured Cold Free Space: 87.8025 cm?®
Equilibration Interval: 30 s Low Pressure Dose: 0.100 cm®g STP

Automatic Degas: No

Comments: t1+=35.8269q, t3+f+s5=36.1020g,degas=36.1010g,run=36.0991

Summary Report

Surface Area
Single point surface area at P/Po = 0.200495925: 1.4652 m?#/g

BET Surface Area: 1.9401 m3g
Langmuir Surface Area: 3.2910 m3qg
t-Plot External Surface Area: 3.1350 m?/g

BJH Adsorption cumulative surface area of pores
between 17.000 A and 3000.000 A width: 0.0737 m¥g

BJH Desorption cumulative surface area of pores
between 17.000 A and 3000.000 A width: 0.8171 m¥g

Pore Volume
t-Plot micropore volume: -0.000718 cm?g

BJH Adsorption cumulative volume of pores
between 17.000 A and 3000.000 A width: 0.000554 cm?qg

BJH Desorption cumulative volume of pores
between 17.000 A and 3000.000 A width: 0.001066 cm?g

Pore Size
BJH Adsorption average pore width (4V/A): 300.813 A
BJH Desorption average pore width (4V/A): 52.172 A
Horvath-Kawazoe
Maximum pore volume at P/Po = 0.000000000: 0.000000 cm?g
Median pore width: 0.0000 A

Appendix Figure B11 BET analysis of Na,WQO,-Mn/RHA_1 900
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[Mj micromeritics®

ASAP 2020 V1.04 H Unit 1
Sample: Na2W0O4-Mn-RH4
Qperator: brs

Submitter:

Serial # 189

File: C:\2020\DATA\A-PINS~11000-339.SMP

Started: 3/3/2006 3:53:57PM
Completed: 3/4/2006 3:13:40AM
Report Time: 3/7/2006 2:36:14PM
Sample Mass: 0.2259 g
Warm Free Space: 28 2138 cm® Measured
Equilibration Interval: 30 s
Automatic Degas: Yes

Analysis Adsorptive: N2
Analysis Bath Temp.: -195.821 °C
Thermal Correction: No
Smoothed Pressures: No
Cold Free Space: 87.8226 cm?®
Low Pressure Dose: 0.100 cm®g STP

Comments: t1+=35 82649 t1++5=36.05349, degas=36.0515g,run=36.0523g

Summary Report

Surface Area

Single point surface area at P/Po = 0.200312536
BET Surface Area

Langmuir Surface Area

t-Plot External Surface Area

BJH Adsorption cumulative surface area of pores
between 17.000 A and 3000.000 A width

BJH Desorption cumulative surface area of pores
between 17.000 A and 3000.000 A width

Pore
t-Plot micropore volume

BJH Adsorption cumulative volume of pores
between 17000 A and 3000.000 A width

BJH Desorption cumulative volume of pores
between 17.000 A and 3000.000 A width

- 1.3203 mA/g
- 1.8249 m?lg
- 1.1501 m3g
- 24338 milg

- 0.0934 m3g

- 09305 m¥g

Volume
- -0.000456 cm3/g

- 0.000626 cm3g

- 0.001111 em3g

Pore Size

BJH Adsorption average pore width (4V/A): 268.298 A

BJH Desorption average pore width (4V/A): 47.766 A

Horvath-Kawazoe
Maximum pore volume at P/Po = 0.000000000: 0.000000 cm¥g

Median pore width: 0.0000 A

Appendix Figure B12 BET analysis of Na,wWO,-Mn/RHA_3_900
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ASAP 2020V1.04 H Unit 1 Serial # 189

Sample: Na2WO4-Mn-mullite-1200C
Operator: brs
Submitter:
File: C\2020'DATAA-PINS~1\000-338 SMP

Started: 3/2/2006 6:43:.42PM Analysis Adsorptive: N2
Completed: 3/3/2006 10:01:00AM Analysis Bath Temp.: -195.817 *C
Report Time: 3/7/2006 2:34:24PM Thermal Correction: No
Sample Mass: 0.2671¢g Smoothed Pressures: No
Warm Free Space: 28.1413 cm® Measured Cold Free Space: 87.9636 cm?®
Equilibration Interval: 30 s Low Pressure Dose: 0.100 cm®g STP

Automatic Degas: Yes

Comments: t3+f=35.59530,t3+f+5=35 86499 degas=35.8634g run=35 86249

Summary Report

Surface Area
Single point surface area at P/Po = 0.200194717: 8.7118 m?/g

BET Surface Area: 9.3508 m3g
Langmuir Surface Area: 8 6202 m3g
t-Plot External Surface Area: 10.6133 m3g

BJH Adsorption cumulative surface area of pores
between 17.000 A and 3000.000 A width: 6.6968 m¥g

BJH Desorption cumulative surface area of pores
between 17.000 A and 3000.000 A width: 9.4439 m3¥g

Pore Volume
t-Plot micropore volume: -0.000770 cm®/g

BJH Adsorption cumulative volume of pores
between 17.000 A and 3000.000 A width: 0.050785 cm?®g

BJH Desorption cumulative volume of pores
between 17.000 A and 3000.000 A width: 0.088743 cm?®/g

Pore Size
BJH Adsorption average pore width (4V/A): 303.341 A
BJH Desarption average pore width (4V/A): 375.876 A
Horvath-Kawazoe
Maximum pore volume at P/Po = 0.000000000: 0.000000 cm®g
Median pore width: 0.0000 A

Appendix Figure B13 BET analysis of Na,WO,-Mn/mullite_1200
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ASAP 2020 V1.04 H Unit 1 Serial # 189

Sample: Na2WO4-Mn-RHA-1300C
Operator: brs
Submitter:
File: C\20200DATAVA-PINS~1\000-303. SMP

Started: 1/13/2006 2:12:39PM Analysis Adsorptive: N2
Completed: 1/14/2006 12:50:38AM Analysis Bath Temp.: -195.811 °C
Report Time: 2/9/2006 12:27:09PM Thermal Correction: No
Sample Mass: 0.3895g Smoothed Pressures: No
Warm Free Space: 28.4550 cm® Measured Cold Free Space: 88.8082 cm?®
Equilibration Interval: 25 s Low Pressure Dose: 0.100 cm®/g STP

Automatic Degas: Yes

Comments: 12+f=34 88929 12+f+s=35 27949, degas=35.2802g,run=35.2787g

Summary Report

Surface Area
Single point surface area at P/Po = 0.100201963: 24172 m3/g

BET Surface Area: 2.3975 m3g
Langmuir Surface Area: 2 6452 m3g
{-Plot External Surface Area: 3.72311 m3g

BJH Adsorption cumulative surface area of pores
between 17.000 A and 3000.000 A width: 1.3520 m¥g

BJH Desorption cumulative surface area of pores
between 17.000 A and 3000.000 A width: 2.7222 m?/g

Pore Volume
t-Plot micropore volume: -0.000416 cm®g

BJH Adsarption cumulative volume of pores
between 17.000 A and 3000.000 A width: 0.006313 cmé/g

BJH Desorption cumulative volume of pores
between 17.000 A and 3000.000 A width: 0.020859 cm®/g

Pore Size
BJH Adsorption average pore width (4V/A): 186.774 A
BJH Desorption average pore width (4V/A): 306.508 A
Horvath-Kawazoe
Maximum pore volume at P/Po = 0.000000000: 0.000000 cm®g
Median pore width: 0.0000 A

Appendix Figure B14 BET analysis of Na,WO,-Mn/mullite_1300
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ASAP 2020 V1.04 H Unit 1
Sample: Na2WO4-Mn-mullite-1400C
Operator: brs
Submitter:
File: C\2020'\DATA'A-PINS~1\00

Started: 2/28/2006 10:48:09AM
Completed: 2/28/2006 9:43:21PM
Report Time: 3/7/2006 2:44:42PM
Sample Mass: 03173 g
Warm Free Space: 28 3974 cm® Measured
Equilibration Interval: 30 s
Automatic Degas: Yes

Serial #: 189

0-337.SMP

Analysis Adsorptive: N2
Analysis Bath Temp.: -195.845 °C
Thermal Correction: No
Smoothed Pressures: No
Cold Free Space: 88.9227 cm?®
Low Pressure Dose: 0.100 cm®/g STP

Comments: 12+f=35.4772g,t2+f+5=35.7952g,degas=35.7960g,run=35.7945¢g

Summary Report

Surface Area

Single point surface area at P/Po = 0.140158274
BET Surface Area

Langmuir Surface Area

t-Plot External Surface Area

BJH Adsorption cumulative surface area of pores
between 17.000 A and 3000.000 A width

BJH Desorption cumulative surface area of pores
between 17.000 A and 3000.000 A width

Pore
t-Plot micropore volume

BJH Adsorption cumulative volume of pores
between 17.000 A and 3000.000 A width

BJH Desorption cumulative volume of pores
between 17.000 A and 3000.000 A width

- 22095 m3g
- 29484 m3g
- 21235 m3lg

- 5.0889 m3g

- 1.2355 m3g

23548 m3g

Volume
- -0.001099 cm®/g

- 0.003344 cm?g

- 0.005108 cm?g

Pore Size

BJH Adsorption average pore width (4V/A): 108.279 A

BJH Desorption average pore width (4V/A): 86.770 A

Horvath-Kawazoe
Maximum pore volume at P/Po = 0.000000000: 0.000000 cm?/g

Median pore width: 0.0000 A

Appendix Figure B15 BET analysis of Na,WO,-Mn/mullite_1400
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[Mj micromeritics

ASAP 2020 V1.04 H Unit 1 Serial # 189 Page 30

Sample: Na2WO4-Mn-Mullite 1500C
Operator: brs
Submitter:
File: C\2020\DATAA-PINS~1\000-333.SMP

Started: 2/21/2006 3:02:42PM Analysis Adsorptive: N2
Completed: 2/22/2006 12:17:44AM Analysis Bath Temp.: -195.834 °C
Report Time: 3/7/2006 3:03:58PM Thermal Correction: No
Sample Mass: 0.5470 g Smoothed Pressures. No
Warm Free Space: 28.0365 cm® Measured Cold Free Space: 87.2964 cm?®
Equilibration Interval: 30 s Low Pressure Dose: 0.100 cm?/g STP

Automatic Degas: Yes

Comments: t1+f=35.8419g, t3+f+5=36.3916g,degas=36.3890g, run=36.388%9¢g

Summary Report

Surface Area
Single point surface area at P/Po = 0.199959029: 1.2001 m3qg

BET Surface Area: 1.3822 m3/g
Langmuir Surface Area: 0.5335 m3g
t-Plot External Surface Area: 2.0515 m#/g

BJH Adsorption cumulative surface area of pores
between 17.000 A and 3000.000 A width: 0.4859 m2/g

BJH Desorption cumulative surface area of pores
between 17.000 A and 3000.000 A width: 1.1418 m2/g

Pore Volume
t-Plot micropore volume: -0.000358 cm?/g

BJH Adsorption cumulative volume of pores
between 17.000 A and 3000.000 A width: 0.001626 cm®/g

BJH Desorption cumulative volume of pores
between 17.000 A and 3000.000 A width: 0.002978 cm®/g

Pore Size
BJH Adsorption average pore width (4V/A): 133.816 A
BJH Desorption average pore width (4V/A). 104.328 A
Horvath-Kawazoe

Maximum pore volume at P/Po = 0.000000000: 0.000000 cm?/g
Median pore width: 0.0000 A

Appendix Figure B16 BET analysis of Na,WO,-Mn/mullite_1500
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Chromatogram *** Filename:MULD 3.CO01
mV
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Peaks report
Peak No. Time Area Concentration (vol.%) Name
1 0.824 98771 -
2 1.020 214751 -
3 1.882 11898 1.5707 CO;
4 2.891 61021 3.3382 O,
5 3.933 2380 -
6 4.530 138935 - N>
7 7.503 480810 - CH,4
8 10.146 28022 0.7506 CO

Appendix Figure C1 An example of GC chromatogram for the catalytic activity test
of Na;WO4-Mn/mullite_1300 from WG-100 column (TCD

detector).
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Appendix Figure C2 An example of GC chromatogram for the catalytic activity test

of Na,WOQO,-Mn/mullite_1300 from DVB-plot capillary column
(FID detector).
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Appendix Figure C3 Calibration curve of CO, gas from WG-100 column (TCD

detector).
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Appendix Figure C4 Calibration curve of CO gas from WG-100 column (TCD
detector).
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Appendix Figure C5 Calibration curve of C,H,4 gas from DVB-plot capillary column
(FID detector).
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Appendix Figure C6 Calibration curve of C,Hg gas from DVB-plot capillary column

(FID detector).



