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Bl g@5m L CHERSR), LN, IR ETE, X 80,

E2 gWEIF | P CRIRED, 1N, R YRk, X 80,






2 3 SRR A S EaE R 221
£1 OE @B Ok B OB
® 5 OB R W KR BEEIE ©A.S. T. ML EEHHE
d 1/l d 1l 4 1l
(3.688)* 1
1 3.314 9 3.333 5 3.351 100
(2.904) 1
2 2.628 8 2.631 5 2.644 81
3 2.361 5 2.359 3 2.369 24
4 2.297 1 2.309 5
5 2.110 0.4 2.120 2
(1.937) 3
(1.847) 1
6 1.755 10 1.758 8 1.765 63
7 1.711 0.3
8 1.668 5 1.670 5 1.675 63
9 1.586 2.5 1.584 3 1.593 8
. (1.559) 1
10 1.493 6 1.495 5 1.498 18
11 1.431 4 1.435 4 1.439 17
12 1.412 6 1.410 5. 1.415 15
(1.335) 1
13 1.318 3 1.320 3 1.322 7
14 1.212 6 1.213 6 1.215 11
15 1.184 2.5 1.182 2 1.184 3
16 1.151 5 1.153 5 1.155 8
' 1.139 1
i7 1.115 3 1.115 5 1.117 3
18 1.089 5 1.090 6 1.092 8
19 - 1.079 6 1.079 7 1.081 8
20 1.058 4 1.059 6 1,059 3
21 1.045 0.5 1.045 5
22 1:033 2.5 1.035 3 1.036 4
23 0.946 6 0.9505 8
24° 0.927 3 0.9291 3
25 0.913 1.5 0.9143 3
26 0.907 6 0.9081 8
27 0.880 6 0.8819 7
wo | o | e | ¢
29 0.837 1 e i
A 0.824 * 0.8261 4
s o |
-ob= 0.8026 6
33 0.800 1.5
3 0790 ' * () RBHE (Cuxp)
35 0.788: 0.5
36 0.780 0.5
37 0.778 3
38 0.777. 1




222 Hh li7id =z Eid 42 &
=HBRIH B HAHITEME 2d6ind = a1, 0 HEAEIRIT_ERAT, HoREsR HAERIAY
o T B 2 i, 307 A (1070 k),

S TFIEH f R - d= =
2 2 2\ n
\/ﬁ + B+ ( C)z
AT : 2 et — - sinf = A
2 4 g2 ER Y
\//, + B+ ( - )z_
. 22 22 _
sin®d = —— (B + &) + S P=4F+ k) + CP (1)
‘ 4a 4c
SHFARFmR
sin@ = A(F* + B+ hk + k) + CP (2
g (1), (2) B2+ k) 5 (B + B + kk) AR (1), (2) 4 2 =0 A1,
sin’ = 4 (A + k%) (1)
sin’d = 4 (p* + hk + &) (2)
SFIES @ RT . (2 + £ A HREEEEN 1,2,4,5,8, 9,10, FRH &R W
B+ B+ hRTT RERIBERCAE YT 1,3, 4,7, 9,00 FER 2 H sin0yisin’0; = 1:2, K FHSCR

BT S & R RLIE S 8 R 951 , BEJE S5 B R I TE S R OB, T AR M4 T84T i
F*2 sin29'fE&Ell;ﬁLj‘2, 4,5,8,92H

; = . sin® @ sin? @ _sin? @ sin? 8 sin%0
g 5 sin? 6 = 7 5 8 9
1 0.0542% 0.02711 ‘ 0.01355 0.01084 0.00678 0;00623
2 0.08507 0.04303 0.02151 0.01721 0.01076 - 0.00956
3 0.10668 . 0;05334* 0.02667 0.021336 0.01334 0.011853
4 0.11260 0.05630 0.02815 0.02252 0.01408 0.012511
5 0.13351 0.066755 0.033351 0.026702 0.016688 0.014834
6 0.19298 0.09649 0.0648245 0.038596 0.02412 0.02144
7 0.20301 0.10151 0.05076 0.04060 0.02538 0.022556
8 0.21365 0.10683 0.05342% 0.04273 0.02671 0.023739
9 0.23633 0.11817 0.05909 0.047266 0.02955 0.02659
10 0.26614 0.13332 0.06666 0.0533* 0.0333 0.0222
11 0.29020 0.14510 0.07255 0.05804 0.03628 0.032244
12 0.29820 0.14910 0.07455 0.05964 0.03728 0:033133
13 0.3423. 0.17115 0.08558 0.06846 0.04779 ,0.038033
14 0.4046 0.2023 0.1012 0.08092 0.0506 0.044955
15 0.4240 0.2120 0.1060 0.08480 0.0530* 0.047111
16 0.4487 0.2244 0.1122 0.0897 0.0561 0.04985
17 0.4781 0.2391 0.1196 0.09562 0.0598 0.05312*
18 0.5012 0.2506 0.1253 0.10024 0.0627 0.05569
19 0.5105 0.255.’% 0.1276 0.1021 0.0638 0.056722
20 0.5311 0.2655 0.1327 0.1062 0.0664 0.059011
21 0.5443 0.2722 0.1361 0.10886 0.0681 0.06477
22 0.5570 0.2785 0.1393 0.1114 0.0697 0.061888
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PSR HISNE (5% 2 7 % %) 9 0.0542, 0.0533, 0.0534, 0.0533, 0.0530, 0.0531; T
3 —2 BIBSE 0.02665 MHRFIR 4k0 IS RIASHIRES, B 2, 3 RERY 4,

C, ABRIEH fREK sin®0 WA 254, 5,8, 9 F LR,
KE A, ¢ REEARZE S B (Method of trial and ‘errors), EEM 4, C WIERE
EGELAMIEE, B3R 2, 4 5k0 BIEER; ATHEN 0.0533, 0.0266------5F, SELh 4 =

0.0533 Fl4 T CERRER, A BESKEPTE RIS, # 4 % 0.0533, LI 4 = 0.0266 fIfE
EHE, F3FIH sin®0 (SLERfE) — 4B+ &) = CP skE C, BRRER cP 2k
HTF 1, 4,9, 160 BIET 12, 22, 32, 47,000 £ Fh CHEH——3KBho

SREHHAE L3k (1) b sin’d = 4 (P + &) + P @k 4, ¢, #EH
A,C 3F sin® — [4 (B + B + CP] ZEERFEEURN, HE 4 = 0.0266, C =
0.05917, FLFHERERAIT R 4 (A 226 E)H,
| K 4 FHERS R B R -5 (Hull-Davey: Gr:;p'hical method of indexing powder pho-
tograph) Bl fRE:ERAERS R —E,

(2) skéabH% a, ¢ K c/a:

moa=5, ¢ =f£—2 Sk a, ¢ BOEBUE: 4 = 0.0266, A = 1.542, fXA:

4az’

a2

2
0.0266 = <1%> s,

A) 1. o

a=<— ‘e a e g8 R

N2/ 4/ 0.0266

et 1 -rzig8k
2 4/ 0.05917

ML 0 B 4 EFTE, DRI o, o

2

2 . . a L
d}.kl - '/Zz, +k2 + lz/cz/uz,l bt 0:
| iy e
EJ d}xko - m
B s 2dsin@ = A
2
$in%0 = (i) . i
2/ &
ST 38 £% sin?0 = 0.9846, A = CuKa, = 1.5447,
_ . o _ (1544 1 _ N2 B R
Ekl = 160, > 0.9846 = (-2?) =T (0.772) —

l) A = CuKas ﬁ,ﬁiﬁ%ﬁ) 32—38 %J CuKa ﬂ@ﬂ&



224 s & = # 2 %
3 3 sin?d — A4, sin?20 — 24,
Be sin®@ [ sin20-4 | sin®6-24 |sin?0-44 |sin?0-54 [sin?0-84 |sin260-94 |sin?0-104 sin20-13Alsin29—16A
1 | 0.05421 | 0.02761 | 0,00101
2 | 0.08607 | 0.05947 | 0.03287.
3 | 0.10668 | 0.08008 | 0.05348
4 |0.11260 | 0.08600 | 0.0594 | 0.0062
5 | 0.13351 | 0.10691 | 0.08031 | 0.02711 | 0.00051
6 |0.19298 | 0.16638 | 0.13978 | 0.08658 | 0.05998
7 | 0.2030t | 0.17641 | 0.14981 | 0.09661 | 0.07001
8 | 0.21365 | 0.18705 | 0.16045 | 0.10725 | 0.08065 | 0.00085
9 |0.23633 | 0.20073 | 0.18313 | 0.12993 | 0.10333 | 0.02353
10 | 0.26664 | 0.24004 | 0.21344 | 0.16024 | 0.13364 | 0.05384 | 0.02724 | 0.00064
11 | 0.29020.| 0.26360 | 0.2370 | 0.1838 | 0.1572 | 0.0774 | 0.05080 | 0.0242
12 | 0.29820 | 0.27160 | 0.2450 | 0.1918 | 0.1652 | 0.0854 | 0.05880 | 0.0322
13 | 0.3423 | 0.3157 ,| 0.2891 [0.2359 |0.2093 | 0.1295 | 0.10290 | 0.0763
14 | 0.4046 |0.3780 |0.3514 |0.2982 |0.2716 |0.1918 |0.1652 |0.1386 | 0.0588
15 0.4240 |0.3974 |0.3708 |0.3176 |0.2910 |0.2112 |0.1846 | 0.1580 | 0.0782
16 | 0.4487 | 0.4221 |0.3955 |0.3423 |0.3157 | 0.2359 |0.2093 |0.1827 | 0.1029.] 0.0231
17 | 0.4781 |0.4515 |0.4249:|0.3717 | 0.3451 |0.2653 |0.2387 |0.2121 | 0.1323 | 0.0525
18 | 0.5012° | 0.4746 |.0.4480 |0.3948 |0.3682 | 0.2884 |0.2618 [ 0.2352 | 0:1554 | 0.0756
19 |0.5105 |0:4839 |0.4573 |0.4041 |0.3775 |0.2077 |0.2711 |0.2445 | 0.1647 | 0:0849
20 {0.5311 | 0.5045 |0.4779 |0.4247 |0.3981 |0.3183 |0.2917 |0.2651 | 0.1853 | 0.1055
21 | 0.5443 |0.5177 | 0.4911 |0.4379 | 0.41i3 | 0.3315 | 0.3049 | 0.2783 | 0.1985 | 0.1187
22 |0.5570 |.0.5304.|0.5038 | 0.4506 | 0:4240 |0.3442 |0.3176 |0.2010 | 0.2112] 0.1314
23 | 0.6641 |0.6375 |0.6109 |0.5577 |0.5311 |0.4513 |0.4247 | 0.3981 | 0.3183 | 0.2385
24 | 0.6917 | 0.6651 |0.6385 |0.5853 | 0.5587 |0.4789 [-0.4523 |0.4257 | 0.3459 | 0.2661
25 | 0.7131 |o0.6865 |0.6599 |0.6067 |0.5801 |0.5003 |0.4737 |0.4471 | 0.3673 | 0.2875
26 |0.7226 |0.6960 | 0.6694 | 0.6162 | 0.5896 | 0.5098 |0.4832 | 0.4566 | 0.3768 | 0.2970
27 | 0.7675 | 0.7409 | 0.7143 |0.6611 |0.6345 |0.5547 |o0.5281° | 0.5015 | 0.4217 [ 0.3419
28 |0.8285 |0.8019 |0.7753 |o0.7221 |0.6955 | 0.6157 |0.5891 |0.5625 | 0.4827°| 0.4029
20} 0.8484 | 0.8219 |0.7952 |0.7420 |0.7154 | 0.6356 |0.6090 | 0.5824 | 0.5026 | 0.4228
30 | 0.8754 | 0.8488 | 0.8222 | 0.7690 | 0.7424 | 0.6626. | 0.6360 | 0.6094 | 0.5296 | 0.4498
31 | 0.9015 | 0.8749 | 0.8483 | 0.7951 | 0.7685 | 0.6887 | 0.6621 | 0.6355 0.5561 | 0.4759
32 {0.9240 |0.8974 |0.8708 | 0.8176 |0.7910 [0.7112. | 0.6846 | 0.6580 | 0.5786 | 0.4984
33 |0.9288 [0.9022 |0.8756 |0.8224 | 0.7958 | 0.7160 | 0.6894 ;| 0.6628 | 0.5834 | -0.5032
3¢ |0.9524 |0.9258 |0.8992 | 0.8460 |0.8194 |0.7396 |0.7130 |0.6864 | 0.60667 0.5268
35 |.0.9573 |0.9307 |0.9041 |0.8509 |0.8243 |0.7445 |0.7179 | 0.6913 | '0.6115 | 0.5317
36 |0.9771 |0.9505 |0.9239 |0.8707 |0.8441 | 0.7643 | 0.7377 |0.71110 | 0.6313 | 0.5515
37 | 0.9820 | 0.9554 | 0.9288 | 0.8756 | 0.8490 | 0.7692 | 0.7426 | 0.7160 | 0.6362 | 0.5564
38 | 0.9846 | 0.9580 |0.9314 |o0.8782 .| 0.8516 |0.7718 |0.7452 |0.7186 | 0.6388 | 0.5590
o=t / 37 _ 432K
2 YV 0.9846

[AREFS 38 & 143 LISk ¢

2
0.9846 — <l-§ﬁ> [lZ L9

2
a



2 A BRI k- SRa R 225

sin20 —4A Z By £ &

s'u'129—.17A sin%9-184 $in?6-204 sin®0-254| sin?0-26 4 | sin?0-294 | sin?0~32.4 si‘n29—34A' 5in?@-364 | sin%*@-374

0.0259
0.0490 | 0.0224
0.0583 | 0.0317-
0.0789 | 0.0525
{7 0.0921 | 0.0655 | 0:0123
0.1048 | 0.0782 | 0.0250
0.2119 | 0.1853 | 0.1321 _
9-23%5 | 0.2129 | 0.1597 | 0.0267.| 0.0001
0-2609 | 0.2343 | 0.1811'| 0.0481 | 0.0215
0.2704 | 0.2438 | 0.1906 | 0.0576 | 0.0310
0.3153 | 0.2887 | 0.2355'| 0.1025| 0.0759 .
0.3763 | 0.3497 | 0.2965 | 0.1635 | 0.1369 | 0.057)
0.3962 | 0.3696 | 0.3164 | 0.1834| 0.1568 | 0.0770
0.4232 | 0.3966 | 0.3434 | 0.2104 | 0.1838 | 0.1040 | 0.0242
0.4493 | 0.4227.| 0.3695 | 0.2365 | 0.2099.. | 0.1301 | 0.0503
0.4718 | 0.4452 | 0.3920 | 0.2590 | 0.2324, | 0.1526 | 0.0728 | 0.0196
0.4766 | 0.4500 | 0.3968 | 0.2638 | 0.2372 | 0.1574 | 0.0776 | 0.0244
©0.5002 | 0.4736 |' 0.4209 | 0.2874 | 0.2608 | 0.1810.]-0.1012.] 0.0480
0.5051 | 0.4785 | 0.4253 | 0.2923 | 0.2657 | 0.1859 | '0.1049 | 0.0529
0.5249 | 0.4983 | 0.4451| 0.3121 | 0.2855 | 0.2057 | 0.1247 | 0.0727 | 0.0195
0.5298 | 0.5032 | 0.4500 | 0.3170 | 0.2904 | 0.2106 | 0.1296 | 0.0776 | 0.0244
0.5324 | 0.5058 | 0.4526 | 0.3196 | 0.2930 | 0.2132 | 0.1322 | 0.0802 | 0.0270 | 0.0004
§:) c= 31754
¢/a = 0.671,
GRS RAETE
ST EAEBAB AT

JERESHT (%) : B Sn Sb, Ta> 1, Nb>1, Fe> 13 Ti> 1, W~ 1, Be 0.005,



226 Hh JE 2 # 42 4

®4 ¥ B W

& B sin%0 sin?0 — [A (B + k%) + CI?] hkl 1/lo
1 0.05421 +0.00099 110 9
2 0.08607 © 40.0003 101 8
3 0.10668 +0.0003 200 5
4 0.1126 4+0.0002 11 1
5 0.1335 +0.0005 120 0.4
6 0.1930 +0.0009 121 10
7 0.2930 — 0.3

. 0.2137 +0.0009 220 5
9 0.2363 —0.0004 002 2.5
10 0.2666 © 40.0006 130 6
1 0.2902 . +0.0003 - 112 4
12 0.2982 —0.0003 301 6
13 0.3423 —0.0035,—0.0008 230,202 3
14 0.4046 —0.0003 231 6
15 0.4240 —0.0016, 400 2.5
16 0.4487 —0.0035,—0.0008 140,222 5
17 0.4781 —0.0007, +0.0020 330,302 3
18 0.5012 —0.0015 132 5
19 0.5105 —0.0008 141 6
20 0.5311 +0.0009 240 4
21 0.5443 1 40.0064(9) 331 0.5
22 0.5570 —0.0021 103 2.5
23 0.664r —0.0009,—0.0014, +0.0018 430,123,402 6
24 0.6917 40.0003 , +0.0028 150,142 3
25 0.7131 —0.0024 332 1.5
26 0.7226 —0.0015 501 6
27 0.7675 —0.0012 242 6
28 0.8285 [ —0.0020 251 6
29 0.8484- —0.0028 440 1
30 0.8754 . —0.0029 233 3
31 0.9015 —0.0029,—0.0002 350,502 2
32 0.9240 —0.0043 152 4
33 0.9288 +0.0005 152 1.5
34 0.9524 +0.0057, —0.0057,—0.0052 A 004,403,600 1
35 0.9573 —0.0008, —0.0003 403, 60C 0.
36 0.9771 +0.0038 104 0.
37 0.9820 4-0.0087,—=0.0027 104,143 3
38 0.9846 " 40.0026, 40.0021 . 160,143 , 1

As 0.05, Mg 0.3, Mn 0.5,.Pb 0.05, Ca 0.3 % Si, Al, Ga, Zr, Hf; Sb, Mo, Cu, Bi
%0
F2 04 (%):
Fe,0; 1.03, Sn,O 91.53, TiO; 0.76, Ta,0s 4.30, NbOs 2.25, SiO; 0.45,
&% 100,32,
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Fo

* 5
£ ® B % | REBHLR | SERTLYR | ART LR

FesOy 1.03 0.00645 0.0129 0.01935
SnOs 91.53 0.6073 0.6073 1.2146
“TiOs 0.76 0.0095 0.0095 ' 0.01902
Ta;0s 4.30 0.00974 0.0195 0.04870
NbsOs 2.25 0.00846 0.0169 0.04230
Si0,- 0.45

0.6661 1.34397

RS R,

SRBRETFH: |EFE = 0.6661:1.34397=1:2.17; ~-1:2,

AREEFH 2,81 F 59 0.019, Sn** 3 0.911, Ti*F 3 0.014, Ta® J 0.0292,
Nb°* 9 0.0253,

Mok an T ek
(Felds, Snfh, Tils Ta’th,  Nbiss) Oso

Si B TR = 0.30 AR s, TR RAEE B, BT,

TYRsFE: M =1495, O BEA =4.03 O BLBA =
(4) ZEMFE (BN REBAPFET AT 2):
_MXZXEFEFEE
P L) = kD
M- Z-1.649 X 107%
(4.73)% - (38.17) x (107%)3°
(1649 X 107%g = — NG ETFHER)

p:

. M- Z -1.649

A 7 = A T A0
i (4.73)% - (3.17)
Al Z =2014 ~2

BT RAERA A 2 N WATFED 24 Sn(Sn + Ta + Nb + Fe + Ti) 14 MO &

(5) A% (Space group): 3% 4 REMISE SRS, &, FEESRFES]: 4kl,

kl,, kR0, AOL, £00, 001, #RJGREH RN HIER .

Kkl &Fh kR EEHBL, k, k, | FUEPRERE, BA b+ k + 1= 2n, KD
%, B TIEIINRE » I8, &REN Po

Bhl: b+ k4 1=2n % 22 + 1 BLEHEBERE, % 110 HETAHE m.

BRO: B+ k=25 B 22 + 1 BITGIENE, Bk 001 HEEEXFRE mo

BOL: RIRT A+ 1=2n M, 2+ 1= 20+ 1{HY,E 010, 100 HIBSIXKRE 2,
£00: FURTF &= 2n HB, b= 20+ 1 W%, 5%TEHE 100, 010 7 2,9,

007: RRT I =22 HB, I =2z + 1 Wk,8 1007 BOXFREEDT 450
&uk#‘&ﬁ%ﬁ TR AR Di—P4/mnm (BEE 7a, b)o BTk, B



228 H & 2 # 42 %
LUS BIAENR SR B ST IMARE B, #RYE Z B TRSER, T D IR T HPERI N
2Sn (4 Ta, Nb, Fe, Ti) £ (a) 0005 33 3o
O FE () 20y FH03 3 F a3 =2, fpd—x, F x5
-
+D-, +(O-
-0 -+
- D
+HD- @
(%@& i
2‘,7 _g; 77"
@
| A% [ ‘ D N
l /’“\’ 'l m ®_¢9f . R
i/ 5 U
" N . S DR b
sl N - i‘\ 1
/| % .
. - B H):
N | \+/ , AE YR
4B . | 7 N e AT 203 R4
N 17 ‘ AE S RRE ™
e '/--—— —tl ot ™
TITTAYS 7 ' > BEWIEEN
l N / I €«
‘ S £ i ,, e — —— THEHIFE
- N ———— EHOEEC
[ s N
i T ' B2 K
a ). 1 Hi4en i
- + BHoBHC

a (BZE4ik12); b BEFMER (R 12),

UTHERIH 2 BFIEXENE (BRE8a, b, ) BFLRMER 2T WHT,
7547 (100) HIRSIHHE », BLBET Sn, Ta, Nb, Fe, Ti KZMHERIZ 0005 34,
E&BEIFRMEET T EE A TR

W 82 O—Sn—O WIEEK AR L 001, RFHER T (hildih, RN 1001 #IRFHR
WA 4, THE 4,, 5 ERFR

#NE 8b O—Sn—O JEf#iZ5 1R 5[ 001 MESHERD, XAHERI AN 1001 FaZR4T 001 A%
FRE m DB 4 SHREIE R AR , SR T o

M 8c  AKEBEAIFAT (REE) SIEEEX B, XAENPERLS Rk AT R E
SRR B R T WA T Z BT o H 5 TR BB MR A, Bt
& A EE KA BRI R TEMAY, Forpasdk # (Parameter) b3t a8 BERTE MR E S
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B &
<::> BEF (BF) £0E
ba
N
[ sn ) BEZ (BI) mic

AfRF (83) £0@

b
Lo ) ARF (B3) Eic
o~ {~.Sn \ P
T
o /

8a H—H—Er®L (o)
8b A— B —8K%H5 (oo)as
8¢ B—HB—RBEBI(0)E

8

-~

\\\
sn~L -7 Sn
8cC

(6) BAREEEE ST » W

I=F2-p

B 8

1+ cos20

. 2
sin0 cos 6+

N .
F = Z f, e P thyy ey ok

1
I = 33 (Intensity),
F = #EHRTF (Structure factor),

P = REEF (Multiple factor), m%%&%mﬁ&mi,§$£§§=%%%®
i .
+ . FTANEF A K dhi Rk AR o
f = BEFE AT (Atomic scattering factor) sinf, 2 LA, fa 5] sin 0 MEEE, fa

p
A UARSERE f dhifsk,




1 2 3 4 5 6 7
B =2 hkl A S A sin? @ sin @ 6° Si—;—Q(A‘l)
1 110 2 0.05421 0.2327 13°28° 0.15
2 101 2 0.08607 0.2934 17° 4 0.19
3 200 4 0.10668 0.3266 19° 4 0.21
4 111 3 0.1126 0 3357 19237~ 0.22
5 120 5 0.1335 0.3655 21°26° 0.23
6 121 6 0.1930 0.4393 26° 47 0.28
7
8 220 8 0.2137 0.4623 27032 0.30
9 002 4 0.2363 0.4863 29° 67 0.31
10 130 10 0.2666 0.5164 31° 6 0.33
11 112 6 0.2902 0.5389 32037 0.35
12 301 10 0.2982 0.5462 330 6 0.35
13 230 13 0.3423 0.5851 35048 0.38
202 8
14 231 14 0.4046 0.6362 39°30° 0.41
15 400 16 0.4240 0.6513 40°38" 0.42
16 140 17 0.4487 0.6699 420 47 0.43
222 12
17 330 18 0.4781 0:6915 430457 0.45
18 132 14 0.5012 0.7081 45° 5S¢ 0.46
19 141 18 0.5105 0.7147 45037 0.46
20 240 20 0.5311 0.7288 46°477 0.47
21 331 19 0.5443 0.7379 47°33¢ 0.48
22 103 10 0.5570 0.7464 48°177 0.49
23 340 25 0.6641 0.8151 54°36° 0.52
123 14
402 20
24 150 26 0.6917 0.8318 56°17° 0.54
142 21
25 332 22 0.7131 0.8445 57°377 0.54
26 501 26 0.7226 0.8502 58°14 0.55
27 242 24 0.7675 0.8762 61°11° 0.57
28 251 30 0.8285 0.9103 65°337 0.59
29 440 32 0.8484 0.9212 67° .67 0.60
30 233 22 0.8754 0.9358 69°22° 0.61
31 350 34 0.9015 0.9497 71045 0.62
32 152 30 0.9240 0.9614 740 1 0.62
33 152 30
34 004 16 0.9524 0.9761 77°27° 0.63
600 36
35 004 16
600 36
36 104 17 0.9771 0.9886 81°20” 0.63
37 143 26 0.9820 0.9910 82018 0.64
38 143 gg 0.9846 0.9924 820557 0.64

160




8 9 10 11 12 13 14
fo fom Fi=.305/100 P L S;;:e"cs;f_ee Liibo) 3&3(‘%%) ( mifiﬁk) ‘ I;:IE‘?_{E’%%)
6.8 41.17 7305 4 34.1 996,500 | 10 9
5.5 38.71 4857 8 20.2 785,000 7.9 8
5.3 37.78 3508 4 15.5 1 217,500 2.2 5
5.2 .37.23 327.6 8 14.6 38,270 0.4 1
5.0 36.68 143.8 8 12.4 14,270 .01 0.4
4.1 34.00 5224 16 8.7 727,100 7.3 10
| 0.37
3.9 33.00 5662 4 6.8 154,000 1.5 5
3.8 32.55 6448 2 6.0 . 77,380 0.8 2.5
3.5 31.38 | 3443 8 5.3 146,000 1.5 6
8.3 30.50 | 3906 8 4.7 146,500 1.5 4
3.3 30.50 5236 8 4. 192,700 1.9 6
2.9 29.57 14.14 8 3.9 441:2 0 } 3
2520 {78,630 0.8
2.7 28.38 2471 16 3.3 130,400 1.3 6
2.6 28.10 3376 4 3.2 43,210 0.4 2.5
2.5 27.56 85.39 8 2.9 1,981 0 } .
3727 86,480 0.9
2.4 27.50 3859 4 2.89 44,630 0.4 3
2.3 26.86 2605 16 2.88 120,000 1.2 5
2.3 26.86 2823 16 2.88 130,100 1.3 6
2.3 26.58 | 2686 8 2.87 61,690 0.6 4
2.1 2630 4,753 8 2.87 109.1 0 0.5
2.1 26.20 2475 8 2.869 56,820 0.6 2.5
2.1 25.20 2766 8 2.9 © 64,160 0.6 6
2702 16 125,300, 13 }
17.64 8 : 409.2 0-
2.0 24.74 2719 8 3.01 65,480 0.7. 3
54.61 16 2630 ’
2.0 24.74 3069 3.10 76,120 0.8 1.5
1.9 24.55 1731 3.14 43,470 0.4 6
1.9 24,28 2253 ’ 16 3.54 127,600 1.3 6
1.8 2358 2771 _ 16 3.95 175,100 1.8 6
1.8 23.30 | 2197 4 4.69 41,220 0.4 1
1.8 23.30 | 1749 16 5.22 146,100 1.5 3
1.7 22.87 1597 8 5.79 73,990 0.7 2
1.7 22.87 2315 16 6.6 244,400 | 2.4 4
1.5
1.7 22.87 2767 2 8.76 48,480 0.5 1
2366 4 82,900 0.8 }
0.5
1.7 22.28 0 8 13.03 0.5
1.6 22.28 1949 16 14.6 455,300 4.6 3
1.6 -22.28 2787 8 15.8 ‘ 2849 0 : 1
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fo = BEFHA, f. = EBEFEH
F? = 4%+ B?
B*=[sin2r ( ) MEH] =0
A f,,,[’gosyln:(lz'- 04+ k-04+171-0)+ c’osZn(ﬁ - % + % - —%— 1 %)]-I—

+fo[C0527r</l'x—|-.f(x’+l'0)+ cos2n(h %+ k-%+1-0)
+ cos2n{k<—;—+2>+l{<_;_—x>+ 1_;_}
+ cosZn{ﬁ(%—x)+l{<_;—+x>+ 1._1_}

T REIERRERE 6,
Ted * BB : LT MDTRORBRIE TR , BT T BEAOALE (AR) FLIA K/, KECT 2
* MTEE, ME 9,8 BT PR =1.32 A,sn**=0744,

A — el ,
Py - X‘ B RlEES e = v2(4732) = V2 - 4732K, 0t A
u: BRy—% = 1/—2 X 4.732 = 3.347 A, Sn (Ta, Nb,- - )
4732 | ! | _ 2 ) )
N\ SOBFESE = 1324 + 074K, = 2,064,
' A, w 2F§7FHI§E7§ Sn, O MIBEFHID, Am RF
) | 31 4E bsk Ax ST 143, fix = —4%@1 x ~ 0.3
/o9 # 5 0.3 HHZERA « [EF LUREH &

0.74,+ 2'- 1.32 = 3.38 Bk 5 3.347 25 = 0.033 5 5.314 (dyo) 25 = 0.066, 824
3314 8 2%, U4 x = 0.3 SHERE SIEREXREREA B, BERTASA R
ME A, EARSMEE, B » —0.305, x = 0.310 FHEHS5CME B, # ¥ =
0.305—0.310, BHIENETF BT 8HF, IR, BWTF B0 BITHBEFIL, T R:
1) kkl: ML k4 k4 1=20 BREKR, WFKEALHE Sn, Ta, Nb, Fe FEILHFIE;
B k1 =20+ 1 BE/N, WEAE 4 H O B, BIRHH , AN,
2) hkO: k4 k=120 FW; b+ k=2n+ 1 EFH,
3) BQl: b+ =20 HH; b+ 1=2n+1 EFho
4) hhl: 1= 20 Ei; 1=2n+ 1 o
5) 400: h=2n HB; h=2n+1 F I =0,
6) 000: 1=2n HE5; 1=2n+ 1 F I =0, 00! BAREARZLEH » HFM,

=. b i

1. 7 A% E
(1) #35/R (W. Noll) F 1949 45t T2 R A E MR RIEN: LEAe

Fe, Nb, Ta- - B —E A B AN EHERG) , BREAGHARBEEHE SR Fe, Ta, Nb
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ST . BAHE FET W NG, REA £ F 05 p, HUKE 1200 5 FEEE
BEBAUETR, BEEE R, Nb, Ta, Fe, Ti, W ETLHRAKE L, HERSBMET X4

%o 85 J9 MM, T Fe, Mn, Nb, Ta S RIEMIE, KB S8, —AERRE R
BISBA & Nb, Ta ¥, IE 54 ST T M7= IR — B o

(2) T WFHARLBE, BIFRE; S6MHR, Ne |l B = EOBWE, No=%
#%, %4 Ne > No, Ne < 2.186, No > 1.998, TIRLEE T A,

(3) X-JeBYRFZE:

L) Mg T IS, MTY do = 33144, A@ihk dw = 33334,
AS.T. M. dy = 3.35 &, 3:ft & fEHSNTRBBAKT A, S. T. M. HIRIAY 4 & AHE 3.
9,12, 15 R REBORBHLRAINA, 35 = 0.0024,

2) AESHEAMRA,BRESCEBAEZER (B 3—5), 3) I/I, sHEE 5550 E
A LB, 56, 26 ROFHAMEN SR T 1,2 7025 8, Sk bR gy
21 (2 = 1.045.5)5F, BAFA, 5 A.S. T. Mt BRI RE=HEENE 1, 2,6 4,
HEHEMES A 5. T. M. —B, T4 8 $3SCEBRE SRHEMANT A.S. T. M. #fl, KT
I/To SEBRISRISLIEAIAT A.S. T. My AHMARAG I/1, f, SLBh SRHEMEMREREE
SR, AESREE T BISHELFR, 400 b = 2n +'1 185k, THMEHS R TR b A &
S (Tonization Spectrometer ) '55.!543 100 SHHEIAYER

R T | * 7
BN 100 AUREE = 10, 200 = 6-----BoRpg " OB L2 3 ‘-
A-5EPRAY 0Cf ) | 7728 | 115°4 230 | 31°20°
(4) 12 AHEA = 10032, Hd rap) | 10 6 2.3 | 4

SiO, 0.45% ; FEfMEFMEY Si 5 Sn, Ta, Nb
ST EBMEEK, FRELETRET, hTRELE, BZﬁ‘ﬁEPJFﬁEer%fo PR
DL EAE = 4.03, ORBA = 4, P (A HMIETNAOTR)E & RIRELE,
(5) EABRRDS RBEHEE (Nb,Ta)0, > 20%, M YRR REH . 4
VMR, & Fe, Ti, Ta, Nb 7EfETdhdevh, g 557 .
Fe** (Ta, Nb)** O, = Sni* O,
Ti,04 === Sn,0,
2. £15m
(1) 8748 (@=1711) DL 4, C EEREEERISE, KBhF=F A.S. T. M.
A AR, R R B TR0 W, AnUhiERNSe/FAE, WHE TRERRMIEE; & 6 (898
EERR, FEHMHLMT, e LRBIE £ 5 H B s TRE G o A8 Wl Mo K RO SO 3 A
W EH, HHEH Ta, Nb, Fe, Ti ST FETFREPEA (Disorder) E7
HAIBEZ] (Order) TiBIARAAR RS (Super-atice line),
(2) 55 2148 (4= 0454) SCERME (0.5) SEHAMEARIE, MIEKBHb kb b,
BADSIRE =5, RRMAIART RZOHEE A.S. T. M. FHi),
(3) H32E 3B BAAUTIEA:
1) pextHBR: 32, 335 34, 35; 36, 37; 37, 38, FIE 37 BALE EEB S,
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2) BREE: 32>>33; 34>>35; 36>>37>>38, £ 36 A SREIRES, WHIEHHEA CuK,,
55 37 BEA, B 36 $RIEHN 104, B T =0, SEBRME I/I, = 0.5, Rl
PR 242+142=104,

3) XEEACHINAEE 0 VEE , N T CuKa,, CuKa, #5357 (Resolving Power, R. P.)
WK

R. P. = —i—? A= 2Rtan-0O
Ad AR As
2, 2 WAHIE; Ad, AL FEH, T Coka #pm 2 = L1312 — 404 pr
: AA 0.00382
- FRIFBZRAL R. P. ZH>404,FBEH CuKa, , CuKa, W
s BEINTES, P R = BEWLER, as = HH L CuKa,,
/% \,A o2 %Eﬁkﬁ% X-?'ﬁ f#] 2 (Primary X-ray .be;am) &
X—% \ 7 10,
6 — T i — O, -;- Oc,
Al 10 As = 2x (BABRTHEN—F)

W32, 33 B
— 2R = 114.6 XK, 6 = 74°16", A= 1ZK

N o 4 ’ .
. R p, = A6 X 1‘”’74- 16" . 406 > 404, X TFHABBRXHEAING, # 32, 33;

34, 353 363 37, 38 8N CuKe,, CuKa, HIXHE (CuKa-doublets) RUMTES, [FBS b, fERRE
T 3238 & —£k sin’f R SCER il St AT KRR (RE 4 )o

SWESH. TWBET =44 (Tu-Cassiterite) BOFAEM:VTBEER, B, HE
HEBMEEKT B, ME7, 21# sin0 — [4 (B + &) + CP] (EISKFF sind 5RTH
sin?0 B93L) MEEW T ¢ = 0.05917 1 ¢ = 0.0065 HREFHRK, FHEE a4,
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A VARIETY OF CASSITERITE IN PEGMATITE

Kuvuo TsuNG-sHAN

(Summary)

General physical properties: Black, conchoidal fracture; greasy luster; H=6—7,
sp. g. = 73 uniaxial positive, with Ne < 2.186, No > 1.998, distinct cleavage parallel to
Ne; parallel extinction; absorption Ne 3> No; pleochroic formula: Ne = deep red to brown,
No = greenish yellow. No inclusions were found by 800 multiplications. Also no change
was observed by heating at 900°C for two hours. Median to bad polish, much scratches,
median reflectivity, greyish white, somewhat like that of zinkblende or magnetite, Bi-reflec-
tivity not distinct in air, anisotropy under cross Nicols, with inner reflection, no twinning
and zoning were found.

Chemical analysis (%): Fe,0; 1.03, SnO, 91.53, TiO, 0.76, Ta,0Os 4.30, Nb,Os
2.25, SiO, 0.45, total = 100.32; Constitutional formula (Fel}, Sndbu, Tithu, Tadbhw,
Nb3lozs3) Oz.

X-ray analysis: to make of powder photograph, by analytical and graphical methods,
it is found to be tetragonal, space group: p4,/mnm; a = 4.732A, ¢ = 3.175A, c/a =
0.671; two molecules in a unit cell (Z = 2); the cell dimensions are a little smaller than
that of common cassiterite. This reduction of cell dimensions may be due to the isomor-
phous replacement of larger tin ion (0.71—0.74A). By smaller tantalium (0.684),
Niobium (0.69A), Titanium (0.64 A) and iron (ferric 0.67A) ions. All & + &k + 1 =
27 lines with relative stronger intensities, while 2 + % + 7 = 22 + 1 with weak or zsro
intensities. The observed (estimated) and calculated intensities are acceptable except for the
lines of No. 3,6 and 26. Lines of strongest intensities are (1) Ij—333 = 9, (2) T 63=—=8
and (3) Ij—iys = 10 which are quite in agreement with that of the corresponding lines
in table of Miheyev’s (MmnxeeB). The great differences between observed and calculated
sin? @ of lines of No. 32—38 are due to the a-doublets. ThesNo. 7 line can not be
indexed, not belonging to the structure, No. 8 line is much stronger in intensity in ASTM
than the corresponding line of the mineral and both observed and calculated intensities to
strong in Miheyev’s table (I = 5).

It is believed to be a variety of cassiterite (or tri cassiterite) with some changes both
in common physical properties chemical constituents and in X-ray pattern. The Sn, Ta,
Nb, Fe, Ti are assumed to be disorderly arranged in the structure, statistically in the
positions:

000; % % % and isomorphically replaced as follows:

Sny0y===F¢**(Ta, Nb)**Oy,

===Ti;04 »
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