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Appendix A

05-0602 Wavelength= 1.5405
La203
Lanthanum Oxide

Rad.: CuKal 1.5405 Filter: Ni Beta'M d-sp:
Cutoff: Int.: Diffract. 1/Icor.:
Ref: Swanson. Fuyat. Natl. Bur. stand. (บ.ร.). Cire. 539. HI.33 (1954)
Sys.: Hexagonal 
a: 3.9373 b
ot: |3
Ref: Ibid.
Dx: 6.574 Dm: SS/FOM: Ï30=47(.0160. 40)

S.G.: P3m 1 (164) 
c: 6.1299 A:
7: Z: 1

C: 1.5569
mp:

Color: ColorlessPattern taken at 26 c. Sample from Fairmount Chemical Company. Sample was annealed at 1200 c for one hour and mounted In petrolatum to prevent reabsorption of c 02 + H2 o. Spectroscopic analysis: <0.01% Ca. Mg. Si: <0.001% Al. Cu. Fe. Pb. Merck Index. 8th Ed., p. 608. opaque mineral optical data on specimen from Nanseke, Uganda: R3R%=14.2, Disp.=Std.. VHN 100=782-813. Ref.: IMA Commission on Ore Microscopy QDF. Pattern reviewed by Holzer. ช.. McCarthy. G.. North Dakota State Univ.. Fargo. ND. USA.ICDD Grant in-Aid (1990. Validated by calculated pattern except for the following: 2.278 23 102: 1.968 28 110: 1.753 23 103. Calculated pattern indicates that the following reflections might be observable: 6.130 <1 001: 2.043 <1 003: 1.8744 <1 111: 1.4177 <1 113: 1.2260 <1 005 La2 03 type. PSC: hP5. Mwt: 325.81. Volume(CD): 82.30.

2 e Int h k 1
26.109* 34 ! 0 029.129* 31 0 0 229.959* 100 1 0 139.525* 58 1 0 246 082* 63 1 1 052.130* 52 1 0 353.713* 4 2 0 055.437* 24 1 1 255.951* 17 2 0 160.367* 3 c 0 462 255* 5 2 0 266.867* 2 1 0 472.091* 7 2 0 373.390* 2 2 1 075.298* 12 2 1 179.151* 6 1 1 480.844* 4 2 1 283.761* 4 1 0 585.047* 2 2 0 485.316* 4 3 0 089.916* 7 2 1 392.555* 4 3 0 297.818* <1 0 0 6101.423 3 2 0 5103.031 3 2 2 0103.815 1 1 0 6109.037 <1 3 1 01 10.543 3 2 2 21 11.023 5 3 1 1115.035 2 3 0 4116.256 2 1 1 6120.248 5 2 1 5122.967 1 2 0 6127.640 4 3 1 3

2 6 Int h k 1
130.547 2 1 0 7131.649 1 4 0 1136.844 2 2 2 4146.207 1 3 1 4148.296 2 2 1 6

(C)1996 JCPDS-Intemational Centre for Diffraction Data. All rights reserved.

3  «5- 1 «18 1
L » < O H ) 3

W a v o l o n g t h  — . 5 4 0 5 9 8  1

L a n l h a n u r H y d r o x id e

R a d - : C u K . « I  X : 1 .5 -4 0 5  F i l t e r :  G r a p h  M o n o  d - a p :  D l f f t - a c t i  
c:«_it o f f :  1 7 .7  I n t . :  D i f f r a c t .  I / I c o r .  ะ
R o f :  M c M u r d l o .  H  e t  e l . .  P o w d e r  D I  f h a c t l o n . I .  ร»o  ( 1 9 8 6 )

S y »  - : H o x n j i o n a l
ท: 6 . 5 2 8 6 ( 5 )  t> :

R .e l1  I b id .

D k : 4 . 4 2 8

ร . o . :  r»<s3 / m  ( 1 7 6 )  
c : 3 . 8 5 8 8 ( 5 )  A .:
7 : Z :  2

S S / F O M  2 . — 8 2 ( . 0  1 0 -7 . 3  1 )

C :  0 . 5 9  1 I

C o l o r :  C o lo r lo iN
p « “ k  h e ig h t  I n t e n s i t y .  T l i o  m e a n  t e m p e r a t u r e  o r  d a te  
c o l l e c t i o n  w a s  2 -4 .7  c .  C A S  I* ะ 1 4 5 0 7 - 1 9 - 8 .  L a 2  <33 w a s  
H e a te d  w i t h  ar» e x c e s s  o f  w a t e r  a n d  t h e  m i x t u r e  w a s  r e f l u x e d  
* ° r  «4 d a y 's ,  f i l t e r e d  b y  s u c t io n  a r id  d r ie d  a t  I O S  c  f o r  a  f e w  
H o u r s .  S e e  6 - 5 8 6 < j ( l  01, 1) -  ± 3 . T h e  s t r u c t u r e  w a s  d e t e r m in e d  
q u a l i t a t i v e l y  b y  Z a c H a r ia s e n .  พ . .  A c t a  C r y a t a  l l o g r . .  1 2 6 5
< 1 9 -4 8  )  T u n g a t e n  u s e d  a s  a n  I n t e r n a l  s t a n d .  P S C :  h  P  1 4 .  M w t :  
1 8 9 . 9 3 .  V o lu m e C C D ) :  I 4 2 . 4 4 .

1 5 . 6 6 5 *  
2 7 . 3 0 9 *  
2 7 . 9 7 3  ■ 
3  1 . 6 2 4 »
3<S.O 1 
3 9 . 4 7 8 *  
4 2 . 2 6 8 *  
«47.0<53 » 
4 8 . 2 6 5  *  
4 8 . 6 4 4 *  
4 9 . 8 9  I — 
5 5 . 2 6 5 *  
5 6 .3  I 2 *  
5  7 . 8 2  2 *  
ร  t i  . H <5<5 -* 
6 4 . 0 2 8 *  
6 5 . 0 9 6 *  
6 6 . 0 4 0 *  
6 9 . 7 0 8 -  
7 0 . 9 4 8 *  
7 2 . 8 5 9 *  
7 3 . 8 0 0 — 
7 6 . 3 4  I — 
7 7 . 2 7 9 *  
7 7 . 5 9 2 *  
7 8 . 5 2 2 *  
8 2 . 2 8 0 -

5 9  
6 2  

l o o  
1 <5

7 3  
1 2  
1 3 
3  8  
<5 1 

9  
2  1 
I o

I «4 
I «4

© I 996 JCPD S-Intom ational Centre for DlfrVaotlon Data. .11 right)



6 2

SrC03
Strontium Carbonate 
strontlanlte. syn
Rad.: CuKal X: 1.5405 Filter: N1 Beta'M d-sp:
Cut off: Int.: Diffract. 1/Icor.:
Ref: Swanson. Fuyat. Natl. Bur. Stand. (บ.ร.). Cire. 539, III.56 ( 1954)
Sys.: Orthorhombic S.G.: Pmcn (62)
a: 5.107 b: 8.414 c: 6.029 A: 0.6070 C: 0.7165
ne |i: y: Z: 4 mp:
Ref: Ib id .

Dx: 3.785 Dm: 3.760 SS/FOM: 130=140(.0051. 42)
ccx: 1.517 1ๅ<1>|5: 1.663 cr. 1.667 Sign: - 2V: 18°
Ref: Ib id .

05-0418___________________________________________________________________

Color: ColorlessPattern taken at 26 c. Sample from Mallinckrodt Chemical Works. CAS #: 14941-40-3. Spectroscopic analysis: <0.1% Ba: 0.01% Ca. Li: <0.001% Al. K. Mn. Na: <0.0001% Cu. Fe. Mg. Si. There is also a rhombohedral form of Sr c 03 stable above 912 c. Aragonite group, aragonite subgroup. C.D. Cell: a=6.029, b=8.414. c=5.107. a/b=0.7165. c/b=0.6070. S.G.=Pnam(62). PSC: oP20.To replace 1-556 and 2-397. Mwt: 147.63. Volume(CDl: 259.07.

Wavelengths 1.5405
2 9 Int h k 1 2 e Int h k i
20.318* 14 1 1 0 62.809* 6 2 2 321.099* 6 0 2 0 63.702* A 3 1 225.171* 100 1 1 1 63.922* 9 3 3 025.801* 70 0 2 1 65.218* 6 2 4 229.613* 22 0 0 2 65.460* 7 1 1 431.259* 5 1 2 1 66.1 18* 5 1 5 231.496* 20 0 1 2 66.629* 4 0 6 034.520* 12 1 0 2 72.008* 10 3 3 235.106* 23 2 0 0 72.819* 4 2 0 436.174* 34 1 1 2 73.723* 13 3 1 336.524* 40 1 3 0 74.222* 4 4 0 036.631* 33 0 2 239.769* 5 2 1 141.320* 16 2 2 042.960* 7 0 4 044.080* 50 2 2 145.640* 26 0 4 146.560* 21 2 0 247.690* 35 1 3 249.169* 3 1 4 149.920* 31 1 1 3 --50.270* 16 0 2 350.602* 4 2 3 151.639* 7 2 2 253.032* 5 0 4 254.990* 3 3 1 056.642* 4 2 4 057.242* 13 3 1 157.629* 3 1 5 058.860* 13 2 4 159.820* 1 1 1 5 161.467* 3 0 0 4

te>1996 JCPDS-Intemational Centre for Diffraction Data. All rights reserved.

24-0508 Wavelengths 1.54056 c
Mn203
Manganese Oxide 
Bixbyite-O. syn
Rad.: CuKal X: 1.5405 Filter: d-sp: Calculated
Cut off: Int.: Calculated I/Icor.:
Ref: Natl. Bur. Stand. (บ.ร.) Monogr. 25. 11. 95 (1973)

Dx: 5.026 Dm: 4.960 SS/FOM: l30=23(.0047.284)
Species originally called partridgeite. Published values: a=9.4157. b=9.4233. c=9.4047. for lambda=0.70926. (Geller. 1971). The pattern was calculated using structure information from a synthetic single-crystal. Bixbyite group, bixbylte subgroup. Also called: partridgeite.PSC: 0P8O. Mwt: 157.87. Volume(CDJ: 834.56.

20 Int h k 1 2 e Int h k 1

18.841* 1 2 0 0 80.221* <1 7 2 323.119* 18 2 1 1 81.738* 1 8 0 028.420* <1 1 2 2 81.882* 1 0 0 832.920* 100 2 2 2 83.296* 1 5 5 A35.659* 2 3 1 2 83.401* 1 4 1 738.200* 11 4 0 0 84.840* <1 8 2 040.620* <1 4 1 1 84.959* <1 2 0 842.921* <1 4 0 2 86.404* 1 3 5 645.141* 9 3 2 3 87.916* <1 8 2 247.279* 1 2 2 4 88.016* <1 2 2 849.319* 10 4 1 3 89.461* <1 8 1 353.240* 2 5 2 1 91.017* 2 2 6 655.139* 27 0 4 457.000* 2 3 3 458.821* <1 4 2 460.580* 2 5 2 362.318* <1 6 0 264.058* 4 1 4 565.722* 1 1 6 2 267.399* 3 6 3 169.060* 3 4 4 470.697* <1 5 3 472.337* <1 6 0 473.901* 1 7 2 173.982* 1 1 2 775.478* <1 2 6 4

Sys.: Orthorhombic S.G.: Pcab (61)
ท: 9 4161(3) b: 9.4237(3) c: 9.4051(3) A: 0.9992 C: 0.9980 
<x: |J: y: Z: 16 mp:
Ref: Geller. ร.. Acta Crystallogr.. Sec. B. 27. 821 (1971)

«ะ) 1996 JCPDS-Intematlonal Centre for Diffraction Data. All rights reserved.
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43-1003 Wavelength= 1.54056
C o 30 4  

C oba lt Oxide

Rac!.: C u K a l X.: 1 .5405 F ilte r : M ono' d-sp: C alculated
C u to f f :  15.0 In t.: C alculated  1/Icor.: 4 .30
Refะ G rie r. D .. M cC arthy. G.. N o rth  D akota  S ta te  U n ive rs ity .
Fargo. N o rth  D ako ta . USA. IC D D  G ran t-in -A id . (1991)

Sys.: C ub ic  S.G.: Fd3m  (227)
ท: 8 .084  b: c: A: C:
ex: fi: y: Z: 8 mp:
Ref: Ibid.

Dx: 6 .0 5 5  D m : S S /F O M : [30=317(.0032. 30)

Peak he ig h t in te n s ity . C a lc u la tio n  o f  d iffrac tom ete r peak 
in te n s itie s  done w ith  M IC R O -PO W D  V. 2 .2  (D. S m ith  and K. S m ith ) 
u s in g  d e fa u lt in s tru m e n t broaden ing  func tion  (NBS Table), d iffracted 
beam m o n o c h ro m a to r p o la riza tio n  correction, and a tom ic  scatte ring  
fac tors  corrected fo r anom a lous  d ispersion. Cell param eters from  
9 -41 8 . A tom ic  p os itions  from  Roth. พ ..  J . Phys. Chem . So lids. 25 
1-10 (1964): C o il)  in  8a. Co(2) in  16d. o  in  32e w ith  x=.3881. 
Iso trop ic  th e rm a l pa ram ete rs  from  same source: C o (l) , Co(2). and o. 
B ระ.413 . A12 Mg 0 4  type. PSC: cF56. M w t: 240.80 . Vo lum e[C D |: 
528 .30 .

2 e In t h k 1

19.000* 16 1 1 1
3 1 .271* 33 2 2 0
36 .845* 100 3 1 1
38 .546* 9 2 2 2

- 44 .808* 20 4 0 0
49 .081* <1 3 3 1
55.655* 9 4 2 2
59 .353* 32 5 1 1
65 .231* 38 4 4 0
68 .628* 1 5 3 1

- 6 9 .741 * <1 4 4 2
74.1 17* 3 6 2 0
77 .338* 8 5 3 3
78.403* 4 6 2 2
82.625* 2 4 4 4
85 .759* 1 5 5 1
90 .963* 4 6 4 2
9 4 .096* 1 1 7 3 1
99 331* 4 8 0 0
102.512 <1 7 3 3
103.582 <1 6 4 4
107.904 2 8 2 2
1 1 1.208 7 7 5 1
1 12.335 2 6 6 2
1 16.919 3 8 4 0
120.481 <1 9 1 1
121.697 <1 8 4 2
126.710 1 6 6 4
130.733 6 9 3 1
137.993 10 8 4 4

(5)1996 J C P D S -In te m a tio n a l C entre  fo r D iffrac tion  D ata. A ll r ig h ts  reserved.

3 3 -0 6 6 4 ____________________________________________________ _______________
Fe2 0 3

Iron  Oxide 

H em atite , syn
Rad.: C u K a l X: 1 .5405 F ilte r : M ono ' d-sp: D iffrac tom ete r
C u t off: In t.: D iffrac t. I / Ic o r .: 2 .4
Ref: N atl. B u r. S tand . (บ .ร .) M onogr. 25. 18. 37  (1981)

Sys.: Rhom bohedra l 
a: 5 .0356(1) b:
a : |i:
Ref: Ibid.

S.G .: R3c (167)
c: 13.7489(7) A: C: 2 .7303
y  Z: 6 mp: 1350-1360

Dx: 5 .270  D m : 5 .260  S S /F O M : Ï30=69(.01 11. 39)

2.94  najp: 3 .22  ey. S ign: - 2V:
Ref: D ana s System  o f M inera logy. 7 th  Ed.. I. 529 (1944)

C olor: D a rk  redd ish  b row n
P a tte rn  taken  a t 25  c. Sam ple  from  Pfizer. Inc.. NY. USA. heated a t 
800  c fo r 3 days. CAS #: 1309-37-1 . op aq ue  m in e ra l optical data
on specim en fro m  E lb a . R 1R 0=30.2. R R 2R e= 26 .1. D isp.= 16,
VHN= 1038 (m ean a t 100. 200. 300). C olor values= 1 .299 .309. 29 .8 . 
2 .299. .309. 25 .7 , Ref.: IM A C om m iss ion  on Ore M icroscopy Q D F. 
P a tte rn  reviewed by S y v in s k i. พ ..  M cC arthy. G.. N o rth  D ako ta  s ta te  
U n iv., Fargo. N D. USA. IC D D  G ra n t-in -A id  (1990). Agress w e ll w ith  
exp erim en ta l and  ca lcu la ted  p a tte rns . A d d itiona l w eak re flection 
(ind icated by b rackets) w as observed. A lso called: crocus m an tis . A lso  
called: Venetian red. A lso  called: fe rr ite . A lso  called: Ind ian  red. A lso  
called: crocus. A12 0 3  type. C o ru n d u m  group, co rund um  subgroup. 
A lso called: b u rn t ochre.A lso called: rouge.S ilver used as an 
in te rn a l s tand . PSC: h R IO . To  replace 13-534 and validated by 
ca lcu la ted  p a tte rn  2 4 -7 2 . M w t: 159.69. Vo lum e(CD ): 301.93.

พavelength= 1.540598
2 e In t h k 1

24 .138* 30 0 1 2
33.153* 100 1 0 4
35 .612* 70 1 1 0
39 .277* 3 0 0 6
40 .855* 20 1 1 3
43 .519* 3 2 0 2
49.480* 40 0 2 4
54.091* 45 1 1 6
56.152* 1 2 1 1
57 .429* 5 1 2 2
57.590* 10 0 1 8
62.451* 30 2 1 4
63.991* 30 3 0 0
66 .028 <1 [ 1 2 5
69.601* 3 2 0 8
71.937* 10 1 0 10
72.262* 6 1 1 9
75.430* 8 2 2 0
77.729* 4 3 0 6
78.760* 2 2 2 3
80.71 1* 5 1 2 8
82.939* 5 0 2 10
84.916* 7 1 3 4
88 .542* 7 2 2 6
91 .345* 2 0 4 2
93 .715* 7 2 1 10
95 .239* <1 1 1 12
95 .663* 3 4 0 4
102.285 4 3 1 8
104.914 <1 2 2 9
106.623 5 3 2 4
107.025 4 0 1 14
108.090 5 4 1 0
11 1.518 2 4 1 3
113.594 2 0 4 8
1 16.044 5 1 3 10
1 17.758 1 3 0 12
1 18.697 3 2 0 14
122.431 6 4 1 6

2 e In t h k 1

125.929 1 2 3 8
128.758 3 4 0 10
131 877 5 1 2 14
133.241 3 3 3 0
144.456 4 3 2 10
147.971 4 2 4 4

(©1996 J C P D S -In te m a tio n a l C entre  fo r D iffra c tion  D ata . A ll r ig h ts  re s e rv e d /



64

40-1 100 Wavelength = 1.5418
1^ 0 .8S r0 .2M nO 3

S tro n tiu m  L a n th a n u m  M anganese Oxide

Rad.: C uK a  X: 1 .5418 F ilte r : G raph M ono' d-sp: D iffrac tom eter 
C u t off: In t.: D iffra c t. I/ Ic o r.:
Ref: H ash im o to . T  e t a l.. ช. C ryst. G row th . 84. 207 (1987)

Sys.: M onoc lin ic  
a: 5 .4843(1) b: 5 .5349(1)
(x: p: 90 .746(2)
Ref: Ibid.

S.G .: P2/C (13)
c: 7.7916(3) A: 0 .9 9 0 9  C: 1.4077 
7: Z: 4 mp:

Dx: 6 .504  Dm : SS/FOM: rig=22(.0064.134)

2 e In t h k 1

2 2 .811* 13 1 1 0
32 .342* 67 0 2 0
32 .655* 100 2 0 0
3 8 .237* 1 1 2 1
39 .957* 19 0 2 2
40 .466* 8 2 0 2
46 .627* 47 2 2 0
52 .315* 4 1 3 0
52 .737* 5 2 2 2
57 .687* 14 T 3 2
57 .885* 21 1 3 2
58.480* 17 3 : 2
6 7 .715* 8 0 4 0
68 .434* 15 4 0 0
72 .488* 1 0 4 2
72 .838* 2 3 3 0
73 .529* ! 4 0 2
77 .219* 9 2 4 0
77 .734* 8 3 3 2

C.D. Cell: a= 7.792. b=5.535. c=5.484. p=90.75.
a /b *  1.4077. c /b = 0 .9 9 0 9 . S .G .= P2 /a (13 ). PSC: m P20. M wt:
231 .58 . V o lu m e lC D I: 236 .49 .

(6)1996 J C P D S -In te m a tio n a l C entre  fo r D iffra c tion  D ata . A ll r ig h ts  reserved.

3 5 -1 4 8 0 _____________________________
(La0 .8S r0 .2 )FeO 3

S tro n tiu m  Iro n  L a n th a n u m  Oxide

Rad.: C uK a  X: 1 .5418 F ilte r : Beta d-sp: D iffrac tom ete r
C u to ff :  In t.: D iffra c t. I / Ic o r .:
Ref: Tag uch i, H.. O saka P re fec tu ra l Ind. Res. In s t., O saka.
Jap an . P riva te  C o m m u n ic a tio n . (1984)

Sys.: O rth o rh o m b ic  
a: 5 .532  b: 5 .553
(x: p:
Ref: Ib id.

S.G .: Pbn* (62)
c: 7 .8 3 5  A: 0 .9962  C: 1.4109
7: Z: m p :

Dx. Dm: S S /F O M : เ20=3( .044.173)

Sam ple  w as prepared a t 1300 c fo r  24 h o u rs  in  a flow  o f pure oxygen 
gas. C .D . Cell: a=5.553. b=7.835. c=5.532. a /b = 0 .7087 . 
c /b = 0 .7 0 6 1 . S.G .=Pn*a. S ilic o n  used as an exte rna l stand. PSC: 
oP?. M w t: 232 .49 . V o lu m e lC D I: 240 .68 .

W ave leng th=  1.5418_______________ i_
2 0 In t h k 1 2 e In t h k 1

22 .619* 10 1 1 0 9 4 .7 1 4 * 17 2 4 4
22 .619* 10 0 0 2 9 4 .714* 17 1 3 6
25 .360* <1 1 1 1 103.893 2 4 4 0
32 .258* 160. 0 2 0 - 103 .893 2 0 0 8
32 .258* 100 1 1 . 2 113.276 10 5 3 2
34 .305* <1 0 ' 2 1 1 13.276 10 2 0 8
37 .998* 1 1 0 3
37.998* 1 2 1 1
39 .797* 16 0 2 2
41 .498* <1 1 1 3
46 .322* 30 2 2 0
46.322* 30 0 0 4
52.145* 5 1 1 4
53.525* 1 1 3 1
57.608* 40 0 2 4
57.608* 40 2 0 4
63 .889* <1 1 3 3
67 .643* 15 2 2 4
72.289* 2 1 3 4
72.289* 2 3 3 0
76.953* 13 3 3 2
76.953* 13 1 1 6
81.332* 2 2 4 2
81 .332* 2 0 2 6
85 .751* 4 0 4 4

(Ç)1996 JCPDS-Intemational Centre for Diffraction Data. All rights reserved.
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Appendix B

XRD data of calcined powder mixed with Si

1-30.84รโ0.16̂ ก^3 (LSM)

No. 2-theta d-vakie NT l/lo
1 22.820 3.89368 K 35
2 28440 3.13574 685 21
3 22.380 276261 ไ 3220 100
4 32.660 2.73956 3104 96
5 38.240 2.35166 428 13
6 40000 225215 1081 34
7 40.520 222444 521 16
8 46.620 194660 1688 52
9 52.360 ’74591 486 15
10 52.780 173300 487 15
n 57.920 159084 1420 44
12 58.540 157546 710 22
ง 67.860 137999 607 19
ห 68.480 136900 680 21
15 69.140 135753 741 23
16 72940 129589 420 13
17 77220 123439 537 17
18 77.800 122663 621 19
19 82.120 117269 405 13
20 86.360 112566 472 15

0.84̂ 0̂.16̂ 0̂.6̂ ®0.4®3 (LSMF4)

No 2-lhela NT. Mo
1 22.800 389705 1039 3!
2 28.420 3.13790 757 23
3 32.420 2.75929 3311 100
4 38280 2.34929 495 15
5 39960 225431 1041 31
6 40 500 222549 534 16
7 46580 194818 1625 49
8 4 7 380 191713 629 19
9 52.340 174653 610 18
» 57.840 159285 1310 40
11 58.480 157693 627 19
12 67.780 138142 580 18
13 68400 137040 548 17
14 72740 129896 492 15
15 77.360 123251 627 19
16 81780 117670 484 15
17 86160 1.12776 505 15
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