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[Powder of y-Ca;5i04]

80

CaClz 20-200wt%

0-1500°C, 5-120hrs

ingle crystals of Y"CazSiOA
Y

Reaction conditions and products

No. Temp. |Time ¥~C,8 | CaCl,;/y-C,S| Products
H1 880°C| 20hrs lgr. 1 2Ca,Si0,CacCl,
H4 990 20 1 2Ca,Si0,CaCl,
H5 1030 - | 20 1 1 y-C,5
H7 1160 48 1 1L y¥-C,5+Ca0
H8 1200 |48 0.5 0.4 Y~C,S4C35
H10 | 1250 |48 0.5 0.2 Y-C;5+Ca0
H13 1300 1 0.5 Y-C;S5+4C;38
H14 1350 72 1 0.5 y~C28+U0
H18 1400 48 0.5 0.6 Y-C2S+C3S
H20 1400 48 - 0.5 0.2 Y-C28+Ca0+C3S
H21 1450 50 1 0.5 ¥Y~C2S5+C ;38
H23 1500 72 1 0.3 Y-C,S5+U
‘U:unidentified materials, Y-C2S5: Y-Ca,S8i0,
€35:CasSi0s
kz2-2.
Le o
T— Ca2Si04 oAl
h 01 h+1=2n
k =

0k 1

2n
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B ) £ B A3 TE

a(z) b(Z) c(z) reference
Mg,GeO,, 4.915 | 10.295 | 6.020 D.~Varambon (1958) 1)
Mn,GeO,, 5.061 | 10.719 | 6.295 | Morimoto et al.(1972)'?
CayGe0,, 5.239 | 11.397 | 6.787 Udagava et al.(1976)°)
Mg,S10,, £.782 | 10.198 | 5.982 Matsui et al.(1968)13)
Co,Si0y, 4.782 | 10.303 | 6.003 Morimoto et al.(1974)%
FepSi0, | 4.821 | 10.477 | 6.086 Akimoto et al.(1968)1>)
Cay510, 5.078 11.211 6.759 Eysel et al.(1970)16)
Cap8i0Q, 5.081 11.224 6.778 This work

Fez—4.

Y~ CazSi04 oA XAR R o T 5o TE

HKL(SMITH)  20(Cuka) B (R)
321 61.73 1.501
107 60.47 1.530
303 53,85 1.544
311 56.52 1.63]
026 56.11 1.638
301 54.75 1.875

{44 54,15 1.682
034 52.00 1.757
016 50.52 1.805
214 50.20 1.816
204 48,27 1.884
222 47.%5 1.912
115 he.11 1.972
131 .60 2.037
105 Lty 00 2.055
212 43,11 2.196
123 39.99 2.255
211 328.62 2.331

HKL

104
201
122
209
o1k
121
113
oox
103
102
111
110
012
002

N =
22 AN AN WIS e

bt et et b RS O U T AN N OO

P
-

20 p (R
36.52  2.460
36,18 2,483
35,58 2,523
35,25 2,546
34,51 2,599
32,72 2,737
32,88 2,757

31.80 - 2.814
29.60 3.018
23,55 3.772
23,22 3.831
21.78 4.080
20,49 B.334
15,71 5.641
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£2—5.
T— (225;04 mﬁ%})ﬁ?mx A= m%ﬂ&mﬁﬂﬂ}

atom position multi. x(dx) y(dy) z(dz)

ca(l) ba 0.5 0.0 0.0 0.0

Ca(2) 4e 0.5 -0.0099(3) 0.2809(1) 0.25

Si 4o 0.5 0.4275(4) 0.0966(2) 0.25

o(1) be 0.5 -0.2543(9) 0.0937(4) 0.25

0(2) be 0.5 0.2974(9) -0.0384(4) 0.25

0(3) 8d 1.0 0.2985(6) 0.1624(3) 0.0575(5)

atom B11 B22 B33 B12 R13 B23
ca(l) 0.0054(3) 0.0017¢1) 0.0016(1) ~0.0004(2) -0.0003(3) —-0.0004(1)
ca(2) ©0.0059(4) 0.0011(1) 0.0020(2) 0.0003(2) 0.0 0.0

Si 0.0030(5) 0.0012(1) 0.0017(3) 0.0002(2) 0.0 0.0

0(1) 0.0050(13) 0.0019(3) 0.0034(7) -0.0010(6) O0.C 0.0

0(2) 0.0065(15) 0.0010(3) 0.0041(7) -0.0004(6) 0.0 0.0

0(3) 0.0061(10) 0.0016(2) 0.0023(4) 0.0003(4) -0.0008(6) 0.0001(2)
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x2—b. |
Y- (225704 OEFHRIMERE S+ UFERH

(a) Distances (b) Angles
Multiplicity Multiplicity
Ca(l) octahedron R Ca(l) octahedron
Ca(l)-0(1) 2 2.376 (4)A 0(1)-Ca(1)-0(2) 2 85.1(2)°
Ca(l)-0(2) 2 2.311(4) 0(1)~-Ca(1)-0(2) 2 94.9(1)
Ca(1l)-0(3) 2 2.403(4) 0(1)-Ca(1)-0(3) 2 83.8(1)
0(1)-0(2) 2 3.452(5) 0(1)-Cca(1)-0(3) 2 96.2(1)
0(1)-0(2)* 2 3.171(7) 0(2)-Ca(1l)-0(3) 2 67.0(1)
0(1)~-0(3) 2 3.558(4) 0(2)-Ca(1)-0(3) 2 113.0(1}
0(1)-0(3)* 2 3.192(5)
0(2)-0(3) 2 3.931(6)
0(2)-0(3)*=* 2 2.604(5)
Ca(2) octahedron ) Ca(2) octahedron
Ca(2)-0(1) 1 2.441(5) 0(1)-Ca(2)-0(3) 2 81.8(1)
Ca(2)-0(2) 1 2.298(5) 0(1)-ca(2)~0(3) 2 91.3(1)
Ca(2)-0(3) 2 2.435(3) 0(2)-Ca(2)-0(3) 2 10Q.3(l)
Ca(2)-0(3) 2 2.386(4) 0(2)-Ca(2)-0(3) 2 87.5(1)
0(1)-0(3)=* 2 3.192(5) . 0(3)-Ca(2)-0(3) 1 64.8(1)
0(1)-0(3) 2 3.451(5) 0(3)-Ca(2)-0(3) 2 86.6(1)
0(2)-0(3) 2 3.240(5) 0(3)-Ca(2)-0(3) 1 121.7(1)
0(2)-0(3) 2 3.635(5)
0(3)-0(3)%* 9 2.610(6)
0(3)~-0(3) 2 3.305(3)
0(3)-0(3) 1 4.168(8)
Si tetrahedron Si tetrahedron
$i-0(1) 1 1.618(5) "0(1)-5i-0(2) 1 112.4(3)
Si-0(2) 1 1.653(5) 0(1)-5i-0(3) 2 114.2(2)
$i-0(3) 2 1.637(4) 0(2)-5i-0(3) 2 104.7(2)
0(1)-0(2) 1 2.718(7) 0(3)-51i-0(3) 1 105.7(2)
o(1)-0(3) 2 2.732(5) - ;
0(2)~-0(3) %= 2 2.604(5) i
0(3)~-0(3)** 1 2.610(6)
Mean values o
Ca(l)-0 2.363A
Ca(2)-0 2.398 . :
Ca -0 2.381 % Edges shared between two octahedra

5i -0 : 1.636 **Edges shared between tetrahedron and octahedron
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”;Egaﬂf;gsition mualti. x (dx) y (dy) z (cdz)
ca (1) 4a 0.5 0.0 0.0 0.0 ‘
ca(2) 4c 0.5 ~0.0099(3) 0.2809(1) 0.25
Si 4c 0.5 0.4275(4) 0.0966(2) 0.25
o(1) 4c 0.5 -0.2543(9) 0.0937(4) 0.25
0(2) 4c 0.5 0.2974(9)~0.0384(4) 0.25
0(3) 8ad 1.0 0.2985(6) 0.1624(3) 0.0575(5)
atom B1ll - B22 B33 B12 B13 " B23
ca(1)]0.0054(3) 0.0017 (1) 0.0016 (1)-0.0004(2)-0.0003(3)~0. 0004(1)'
ca(2)|0.0059(4) 0.0011(1) 0.0020(2) 0.0003(2) 0.0 0.
si 0.0030(5) 0.0012(1) 0.0017(3) 0.0020(2) 0.0 c. o
o(1) |0.0050(13)0.0019(3) 0.0034(7)-0.0010(6) 0.0 0.0
0(2) |0.0065(15)0.0010(3) 0.0041(7) 0.0004(6) 0.0 0.0
0(3) {0.0061(10)0.0016(2) 0.0023(4) 0.0003(4)-0.0008(6) O. 0001(2)
wa§2510.5Ge0-504
atom |position multi. x (dx) vy (dy) z(dz)
ca(l) 4a 0.5 0.0 0.0 0.0
ca(2) 4c 0.5 -0.0082(1) 0.2804(1) 0.25
Si-Ge 4c 0.5 = 0.4297(1) 0.0964(0) 0.25
o(1) 4c 0.5 =-0.2426(4) 0.0929(2) 0.25
0(2) 4c 0.5 0.2921(5)-0.0428(2) 0.25
0(3) 8d 1.0 0:2896(3) 0.1630(1) 0.0491(2)
atom . Bl11 B22 B33 B12 B13 B23 "

Ca(1)] 0.0072 0.0017 0.0023 -0.0003 ~0.0005 ~0.0004
Ca(2)|° 0.0077 0.0011 0.0028_ 0.0001 0.0 0.0
Si~-Ge{ 0.0035 0.0008 0.0012 0.0 0.0 0.0
0(1) 0.0071 0.0019 0©.0042 0.0003 0.0 0.0
0(2) 0.0090 0.0015 0.0038 0.0004 0.0 0.0
0(3) 0.0094 0.0018 0.0035 0.0 0.0008 0.0001
Y"CazGeO4

atom | position millti . x (dx%) y (dvy) z (dz)

Ca(l) 4a- 0.5 0.0 0.0 0.0
Ca(2) 4c 0.5 ~-0.0075(2) 0.2802(1) 0.25
Ge 4c 0.5 0.4308(1) 0.0964(1) 0.25
0(1) 4c 0.5 ~0.2356(8) 0.0919(5) 0.25
0(2) 4c 0.5 0.2866'(1110.0452(4) 0.25
0(3) 8d 1.0 0.2859(8) 0.1637(5) 0.0435(3)

_atom |  Bll B22 B33 B12 B13 B23
Ca(l)} 0.0063(3) 0.0021(1) 0.0023(2) 0.0001(1) 0.0002(2)-0.0004 (1)
Ca(2)] 0.0069(3) 0.0014{1) 0.0029(1)-0.0001(1) 0.0 0.0
Ge 0.0038(2) 0.0017(1) 0.0023(1) 0.0001(1) 0.0 0.0
0(1) | 0.0023(11)0.0032(3) 0.0038(6) 0.0003(5) 0.0 0.0
0(2) | 0.0078(12)0.0018(3) 0.0034(6)-0.0003(5) 0.0 0.0
0(3) | 0.0078(8) 0.0022(2) 0.0022(4)-0.0002(5)-0.0006(4) 0.0004(2)
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: y-Ca_si ~Ca,Ge0d
Compound ~Ca.Si0 2.0.5 Y 4
pomn Y220 Geqg 5% 2
M= Si sig Geg Ge
(&) Distances
. multi-
© €a(l) octahedron plicity
. ® ® g
Ca(l)-0(1} 2 2.376 (4)A  2.359{2)A 2.345(3)A
Ca(l)-0(2) 2 2.311(4) 2.324(2) 2.323(4)
Ca(l)-0(3) - 2 2.403(4) 2.403(2) 2.411(4)
0(1)-0(2) 2 3.452(5) 3.448(6) 3.445(3)
*0(1)~0(2) 2 3.271(7) 3.169(3) 3.151(7)
0(1)-0(3) 2 3.558(4) 3.548(2) 3.539(6)
*0(1)-0{3) 2 3.192(5) 3.177(3) 3.178(6)
0(2)-0(3) 2 3.931(s) 3.880(3) 3.846(6)
*+0(2)-0(3) 2 2.604(5) 2.702(2) 2.763(5)
Ca(2) octahedron
Ca(2)-0(1) 1 2.441(5) - . 2.449(2) 2.457(5)
Ca(2)~0(2) 1 2.293(5) 2.296(2) 2.302(5)
Ca(2}-0(3) 2 2.435(3) 2.372(2) 2.355(3)
Ca{2)-0(3) 2 2.386(4) 2.452(2) 2.468(4)
*0(1)-0(3) 2 3.192(5) 3.177(3) 3.178(6)
0{1)-0(3) 2 3.451(5) 3.436(2) 3.427(6)
0(2)-0(3) 2 3.246(5) 3.266(3) 3.287(6)
‘0(2)-0(3) 2 3.635(5) 3.628(3) .3.621(6)
**0(3)~0(3) 1 2.610(6) 2.726(2) 2.803(4)
0(3)-0(3) 2 3.305(3) 3.324(3) 3.329(5)
0(3)-0(3}) 1 4.168(8) 4.057(2} 3.984(4)
M tetrahedron
M -0(1) 1 1.618(5) 1.698(2) 1.748(3)
M .~0(2) 1 1.653(5) 1.732(2) 1.782(5)
M -0(3) 2 1.637(4) 1.719(2) 1.769(3)
o(1)-~0(2) 1 2.718(7) 2.860(3) 2.951({7}
0(1)-0(3) 2 2.732(5) 2.892{2) 2.986(5)
*»0(2)~0(3) 2 2.604(5) 2.702(2) 2.763(5)
*#%0(3}-0(3) 1 2.610(6) 2.726(2) 2.803(4)
Avarage values
Ca{l)-0 2.363 2.362 2.360
Ca(2)-0 2.398 2.400 2.401
Ca-0 2.381 2.381 2.381
M-0 1.636 1.717 1.767
0-0(M-unshard) 3.555 3.541 3.531
0-0(Ca~Ca shard) 3.185 3.174 3.169
0-0(Ca-M shard) 2.606 2.710 2.776
0-0{Ca-unshard) 2.727 2.881 2.974

*0-0 distance shared by two octahedra
**0-0 distance shared by one tetrahedron and one octahedron

%]
e

104.9(1)

(b) Angles
: multiplicity
Ca{l) octahedron
o(1)-ca(1)-0(2) 2 85.1(2)° 85.2(1)° £5.0(1)
O(1)~-Ca(1)-0(2) 2 94.9(1) 94.8(1) 95.1(1)
(1) -Ca(1)-0(3) 2 83.8(1) 83.7(1) £3.9(2)
0(1)-Ca(1)-0(3) 2 96.2(1) 96.3(1) 96.2(2)
6(2)-Ca(l)-0(3) 2 67.0(1) 69.7(1) 71.4(2)
0{2)-ca(l)-0(3) 2 113.0(1)  110.3(1) 108.6(2)
Ca(2) octahedron
0(1)-ca(2)-0(3) 2 B1.8(1)  s0.8()) 80.4(1)
o(1)~Ca(2)-0(3) 2 91.3(1) 90.9(1) 50.8(1)
0(2)-Ca(2)-0(3) 2 100.3(1) $9.6(1) 98.7(2)
0(2)-Ca(2)-0(3) 2 87.5(1) §6.8(1) 83.8(1)
0(3)-Ca(2)-0(3) 1 64.8(1) 67.5(1) 69.2(1)
0(3)-Ca(2)-0(3) 2 86.6(1) §7.1(1) 87.3(1)
0(3)-Ca(2)-0(3) 1 121.7(1) 117.6(1) 115.5(1)
M tetrahedron . )
0(1) ~H-0(2) i 112.4(3)  113.0(1) 113.41(3)
0(1)-N-0(3) 2 114.2(2)  115.6(1) 116.2(2)
0(2)-M-0(3) 2 104.7(2) 103.1(Q1) 102.2(2)
. 0(3)-M-0(3) 3 105.7(2) 104.8(2)
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matel/flux temperature (°C.)
T;Jéight ratio) 1500 1456 1400
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z—10- | )
o B Caz5i04 IR XSG EHTAE o3 (P2/c) RN - O BHTSIR

Observed calculated T
h k 1 Ccu Ko 26 1/To a -’ a
11 2 27.519 3.241 3.244
11 2 29.284 7 3.050 3.050
1 2 0 31.064 13 2.879 2.880
1 0 3 32.019 60 2.795 2.795
1 2 1 32.159 60 2.784 2.784
2 0 0 32.592 100 2.747 2.748
1 0 3 34.312 26 2.613 2.611
2 1 0 35.269 2.545 2.546
2 0 2 36.664 2.451 2.453
2 11 37.324 12 2.409 2.411
2 0 2 39.442 11 2.284 2.287
: 0 2 3 39.484 2.282 2.284
0 3 1 41.219 20 2.190 2.191
2 1 2 41.689 2.166 " 2.167
2 2 0 42.432 2.130 2.133
1 1 i 43.192 2.095 2.095
2 2 1. 44.164 12 2.050 2.051
2 2 2 45.717 18 1.984 1.985
2 2 2 48.009 7 1.895 1.894
2 0 4 49.312 5 1.848 1.848
2 2 3 50.522 7 1.806 1.809
2 3 3 52.952 3 1.729 1.729
2 0 4 53.659 7 1.708 1.708
3 0 3 56.259 10 1.635 1.635
2 3 2 57.384 7 1.606 1.606.
2 3 3 59.537 5 1.553 1.553

&z—-11. o
R 59ER AN TOR AT B-(asSI04 0483 B

e

stabilize a(A) b(A) c(A) B(®) c/a reference
O.5Wt%3203 5.48 6.76 9.28 94°33" .693 Midgley(1952)37)

.692 Yannaquis(1955)50)

.689. | Yamaguchi et al.(l963)49
.695 Saalfeld(1975)48)
.678 Suzuki et al.(1971)45
.691 | This work

— 5.507 | 6.754 | 9.317 | 94°37'
0.25wt%Crp03 | 5.514 | 6.757 | 9.314 | 94°35"
0.8wt%ZPy05 5.51 | 6.76 | 9.34 | 94°33"
3.4wt%A1503 | 11.067 | 6.746 | 18.575 | 94°67"
1.6wt%A1003 | 5.513 | 6.763 | 9.321 | 94°33"
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h'o1l
hko
hoo
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001

No condition

No condition
h+ 1= 2n

No condition

h = 2n
k = 2n
1 = 2n

B— CasSi04 o BIFENCS X —F ok (P B BB m-

atom position

Ca(l)

Ca(2) -

Si

0(1)
0(2)
0(3)
0(4)

atom

. Ca(l)

- ca(2)
Si
0(1)
0(2)

- 0(3)
0(4)

be
be
be
be
be

 he

0.
0.
0.
0.0103(10)
0.
0.0080(10)
0.0085(10)

4e
B1ll

0054(2)
0053(2)
0032(3)

0069(9)

Pt b O

multi.

1‘

0

0

<99(1)
.98(1)
.00(2)
.01(2)
.01(2)
.02(2)

B22

0.0026(2)
0.0032(1)
0.0023(2)
0.0018(5)
0.0052(7)
0.0036(6)
0.0037(6)

x(dx) y(dy) z(dz)

0.2270(2) 0.3428(1) 0.4303(1)
0.2200(2) -0.0026(1) ~0.2982(1)
0.2681(2) -0.2187(2) 0.4186(1)
0.2162(7) 0.0142(5) 0.4407(4)
0.0136(6) ~0.3320(6) 0.3633(4)
0.4801(6) ~0.2513(5) 0.3082(4)
0.3460(6) -0.3285(5) -0.4267(4)

COQOCOO0OO0O

B33 B12 B13

.0025(1) ~0.0001(2) 0.0005(1) O.
.0016(1) -0.0008(2) 0.0001(1) O.
.0014(1) 0.0001(2) 0.0007(1) O.
.0031(4) 0.0000(7) 0.0010(4) -O.
.0027(3) ~-0.0013(6) 0.0003(4) -0.
.0026(3) 0.0001(6) 0.0014(4) O.
.0023(3) ~0.0016(6) -0.0007(4) O.

o7

B23

0001(1)
0000(1)
0001.(1)
0001.(4)
0011 (4)
0001 (4)
0008(3)
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int

01 -8i 02
03
04
-Si -03

~5i -04

0 tetrahedron

04

1.617(4)A
1.645(4)
1.632(4)
1.648(4)
1.636

2.669(5)A.

2.674(5)
2.696(5)
2.718(5)
2.573(5)
2.686(5)

2.669

(B) Interatomic Angles
 §i0; tetrahedron

109.8(2)°

©110.8(2)

111.3(2) -
112.0(2)
102.8(2)

109.9(2)

Ca(1)030 polyhedron

Cal-01
02
03
04
02%
Q3=
04%
02’
03"
05’

mean

01 -02
03
04
02%
03*
04%
02 -03
03 04
04 -02%
02%-03%
03%-04%
04*-02%
02'-03
04
03'-02
04%
04 ' -02%
.03*
02'-03"
03'-04'
04°-02"
mean

2.225(4)A
3.399(4)
2.500(4)
3.158(4)
2.423(4)
2.882(4)
2.359(4)
2.548(4)
3.321(4)
2.648(4)
2.746

3.464(5)R
2.945(5)
3.752(5)

- 3.151(5)

3.199(5)

- 3.227(5)

2.718(5)
3.139(5)
2.573(5)
2.995(5)
2.686(5)
2.990(5)

-3.257(5)

3.120(5)
4.241(5)
3.170(5)
3.120(5)
3.180(5)
2.718(5)
2.686(5)
2.573(5)
3.091

Ca(l)OiO polyhedron

01 -Cal-02
03
04
02%
03%
04*
02 -Cal-03
03 ~Cal-04
04 ~Cal-02%

02%~Cal-03%’

03%-Cal~04%
04%-Cal-02
02'-Cal-03
04
03'-Cal-02
04*
04'-Cal-02*
03*
02'-Cal-03"
03'-Cal-04"
04'-Cal-02"

72.7(1)°
76.9(1)

86.5(1)

85.2(1)
76.3(L)
89.4(1)
52.2(1)
66.2(1)
52.9(1)
68.1(1)
60.7(1)
59.4(1)
80.4 (1)
65.3(1)
78.3(1) -
65.3(1)
75.8(1)
69.8(1)
53.2(1)
52.0(1)
59.3(1)

~ mean

08

B-Caz5304 o FIRFIERE 547 AR B Ez— 253

eratomic Distances

Ca(2)0g polyhedron

Ca2-01
01+

02

03

04
02*
03=*
 04%

02 -03
03 -04
04 -02
02 -03*
04*
03 -~02%*
04%
0l=%
04 -01
03*
02%-03%
04*
ol1*
.01
03#-01
04%
oL -01*
mean

2.435(5) 4
2.655(6)
2.398(5)
2.390(5)
2.628(5)
2.650(5)
2.391(5)
2.456(5)
2.500

-

2.995(5)A
3.139(5)
2.990(5)
3.257(5)
3.120(5)
4.241(5)
3.170(5)
2.945(5)
2.696(5)
4.165(5)
2.995(5)
2.990(5)
2.669(5)
3.151(5)
3.199(5)
3.139(5)
2.713(6)

© 3.151

3

|

Ca(2)08 polyhedron

02 -Ca2-03
03 —-Ca2-04
04 -Ca2-02
02 -Ca2-03*
04%
03 ~Ca2-02*

I ' 04*

01%

04 —-Ca2-01

, 03*
02%-Ca2-03%
04

o1

o1
03%*-Ca2-01
' 04*

01 -Ca2-01*

77.5(1)°
77.3(1)
72.9(1L)
85.7(1)
80.0(1)
114.5(1)
_81.7(1)
71.2(1)
64.2(1)
112.1Q1) -
72.7(1) -
71.6(1)
60.4(1)
76.5(1)
83.0(1)
80.7(1)
64.3(1)
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: — (a2Si04 o BRI 4R BT RETS SSRE

basic cell superstructure cell
(a,b,c) (a,b,3c)
hkl — —
0k 1l — -
~h 01 1 = 2n* 1 = 2n*
hko h + k = 2n*
h 0G0 h = 2n
0k O k = 2n
001 1 = 2n* . 1 = 2n*

* There are minor number of exceptinal reflections
which are very weak to be ignored.

Possible spacé groups for each unit cell

Pmcn, P2jicn

1 6.
XL~ CazSi04 o %fn*éﬁ%(%ﬁ%%wm) NR3IERE,
/\-7>( Y-k o %ﬁ’z’:};fwg

atom position multi. x(dx) yv(dy) z(dz) B

Ca(l) be 0.167 0.25 0.077(2) 0.833(2)  0.53
Ca(1)' 8d 0.333 0.275(1) 0.074(1) 0.837(1) 0.58
Ca(2) he 0.167 0.25 0.702(1) 0.993(2) 0.27
Ca(2)' 8d 0.333 0.280(1) 0.702(1) 0.994(1) 0.24
Si be 0.167 0.25 0.092(5) 0.277(6)  2:39
si! 8d 0.333 0.271(2) 0.084(1) = 0.281(2) 0.13
0(1) be 0.167 0.25 0.467(5) 0.005(7)  2.05
o(1)' ~ 8ad 0.333 0.329(4) 0.443(2) 0.004(3)  0.45
0(2) be 0.167 0.25 0.937(3) 0.160(5) 0.60
0(2) 8d 0.333 0.335(4) '0.936(2) 0.164(4) 1.15
0(3) 8d 0.333 0.011(6) 0.178(3) 0.225(4)  1.09
0(3)" 8d 0.333 0.012(4) 0.143(2) 0.177(3) 1.28

o3 8d 0.333 0.029(6) 0.201(3) 0.249(4) 1.42



Fz- 1. |
X L= Ca=Si04 o3I/ X~ -5 SV BTE (B3,
S (BEERS) BHER3 FRIMBAMA A EAE

atom position

M(11)
M(12)
M(13)
M(21)
M(22)
M(23)
Si(1)
- 8i(2)
8i(3)
0(11)
0(12)
0(13)
0(21)
0(22)
0(23)
0(31)
0(32)

0(33)

0(41)
0(42)
0(43)

atom

M(in)
M(2n)
S5i(n)

4a
ba
4a
4a
ba
4a
4a
ba -
4a
ba
4a
4a
4a
ba
ba
bLa
4a
4a
4a
ba
4a

B11

multi.

o e et e e et el e et e bt fed et e et fed e e e e
* . ] L] L] » ° . * L] .

- - R R o o N o - e - e

B22

x(dx)

y{(dy)

z(dz)

0.2608(5) 0.0772(5) 0.2792(2)
0.0781(5) 0.6112(2)

0.2349(6)
0.2112(6)

0.2046(11)
0.2399(11)
0.2561(12)
0.2164(19)
0.2458(17)
0.2589(19)

0.181(3)
0.295(7)
0.169(4)
0.203(4)
0.189(4)
0.334(4)

~-0.008(5)

0.023(3)
0.013(5)
0.468(4)
0.483(3)
0.476(5)

B33

0

0
0
4]
0
0
o
0
0
0.
0
0
0
0
0
4]
0
0
o

B12

.0713(5) 0.9451(2)
.7028(8) -0.0033(3)
.7026(9) 0.3307(3)
.7017(8) 0.6661(3)
.0896(14) 0.0939(6)
.0848(14) 0.4271(5)
.0807(13) 0.7593(5)
.048(2) 0.1697(8)
.050(2) - 0.5021(24)
058(2) 0.8345(10)
.936(3) 0.0529(11)
.939(2) 0.3876(8)
.932(3) 0.7208(10)
.190(3) 0.0745(14)
.199(2) 0.4185(10)
-146(4) 0.7219(15)
.164(3) 0.0764(12)
.151(2) 0.3938(8)
-193(3) 0.7471(13)

B13

81

*Ca/CatSt
*%B(iso.)

OCOoOO0OO000

HOMNORROHFHOWO

.70(2)=*
<73(2)*
.73(2)*
.93(2)*
.97(2)*
.90(2)*

27 (4)**
.82(90) **
83(2)**
-57(3)*=*
I5(7)**
-18(4)**
.90 (8)*=%
.68(2) %%
.99(26)%*
67 (1)F*
.23(2)%*
.19§6)**

B23

0.0062(3) 0.0026(1) 0.0002(0) -0.0011(6) —-0.0001(2) 0.0000(0)

0.0084(5) 0.0029(1) 0.0003(0) ~0.0012(7) -0.0001(3)
0.0073(7) 0.0027(2)

0.0001(0)

0.0003(0) -0.0019(11) 0.0008(4) 0.0000(1)



B -

511 "‘Oll
021
031
041

-mean

011 -021
031
041
021 -031
041
031 ~-041
mean

Mil -011
023
-033*%
043%
023%*
033
043
022
032
042

mean

011 -023
033%
043%
023%
033
043

033%-043%

043*~023

023 033

043 —023%
023*~033*
022 -033
043
032 —p23%
033*
042 043
023
022 032
032 042
042 —022

033 -043

g1 (1)04 tetrahedron
1.61(2)4

1.67(3)
1.61(3)
1.60(3)
1.62

2.61()A
2.58(3)
2.71(3)
2.69(4)
2.64(3)
2.65(3)
2.65

M(11)0109 polyhedron

2.30(2)&
3.18(2)
3.15(3)
2.54(3)

- 2.37(2)

2.51(3)
3.03(3)
2.59(2)
3.34(2)
2.74(2)
2.78

4.26(3)A
3.19(4)
3.32(3)
2.96(3)
3.40(4)
3.04(3)
2.66(4)
3.06(4)
2.68(4)
3.06(4)
2.62(4)
3.08(4)
2.98(4)
3.24(3)
3.27(3)
4.27(4)
3.33(3)
3.14(3)
2.67(3)
2.64(3)
2.57(3)

Si(2)04 t

Siz -012
022
032
042

mean

012 -022
032
042
022 -032
042
032 042
mean

M(12)0q,

Mi12 -012
031
041
022%
032
042
022
023
033
043

mean

012 -031
041
022%
032
042
022
031 -041
041 -022%*
022%-032
032 -042
042 -022
022 -031

023 ~032

042
033 -022
031
043 -041
022%
023 -033
033 -043
043 -023

etrahedron

1.59(5)A
1.61(2)
1.64(2)
1.61(2)
1.61

2.62(5)A
2.67(5)

- 2.63(5)
2.67(3)
2.57(3)
2.64(2)
2.63

polyhedron

2.27(5)A
2.66(3)
2.82(2)
2.53(2)
3.10(2)
2.56(2)
3.03(2)
2.68(2)
2.65(3)
3.27(3)
2.76

3.30(5)A
3.22(5)
3.14(5)
3.10(5)
3.32(5)
4.05(5)
2.65(3)
2.94(3)
2.67(3)
3.07(2)
2.57(3)
2.97(3)
3.27(3)
3.14(3)
2.98(4)
3.38(4)
3.73(4)
3.24(3)
2.68(4)
2.66(4)
2.62(4)

1, Si0a A EFHRRIMEERE (A) SFrReR (B)
SRJBZ - 24, 35, 36 THIS)
Fr% RV R

5i(3)0,4 tetrahedron

513 -013

023

033

043
mean

013 -023
033
043
023 -033
043
033 -043
mean.

1.63()A
1.65(3)

1.68(3)

1.62(3)
1.65

2.76(3)A
2.59(4)
2.77(3)
2.68(4)
2.62(4)
2.66(4)
2.68

M(13)019p polyhedron

Mi3 -013
032
042
021%*

031%

041%

021!

021

- 031

041
mean

013 -032
042
021%*
031*
041%
021°
032 -042
042 ~-021%
021%-031%
031%-~-041%
041%--021"
021'-032
021 -031=%
041%
031 -021°
032
041 -042
021%*
021 -031
031 -041
041 -021

2.28(2)A
2.45(2)
3.18(2)
2.73(2)
2.93(3)
2.62(2)
2.82(2)
2.54(2)
3.11(3)
3.16(2)
2.78

2.96(3)A
3.45(3)
3.75(3)
3.47(4)
2.98(3)
3.46(3)
2.64(3)
3.12(3)
2.69(4)
2.93(3)
2.63(3)
2.90(3)
3.28(4)
3.09(3)
3.28(4)
3.36(4)
4.11(3)
3.09(3)
2.69(4)
2.65(3)
2.64(3)



z7—|T. (A) {F"/%%

-‘M(21)07 polyhedron M(22)07 polyhedron M(23)07 polyhedron

" 2.46(2)A  M22 -022 2.51(2)A  M23 2023 2.46(2)A
P 032 2.48(2) 031 2.39(3) 033 2.75(3)
042 2.60(2) 041 2.45(2) 043 2.36(3)
022 2.60(2) 023 2.63(2) 021 2.66(2)
031 2.38(3) 033 2.33(3) 032 2.46(2)
o4l 2.35(2) 043 2.37(3) 042 - 2.38(2)
012 2.41(4) 013 2.46(2) 011 2.37(2)
. mean 2.47 mean 2.45 mean 2.49
o1 -032 2,903k 022 -031  2.97()HX 023 -033  3.08(M)A
032 -042 3.07(2) 031 -041  2.92(3) 033 -043 3.06(4)
k2 -021  3.12(3) 041 -022 2.94(3) 043 -023  3.06(4)
021 -031  3.28(4) 022 -033 2.98(4) 023 -032  3.27(3)
041 3.093) 043 3.24(3) 042 3.14(3)
032 -031  3.36(4) 031 -033 3.38(4) 033 -032  4.27(4)
022 4.56(3) 023 4.42(4) 021 4.97(4)
| 012 3.10(5) 013 3.47(4) 011 3.40(4)
042 -022 4.69(2) 041 -023 4.70(3) 043 021  &.44(4)
| 041  4.11(3) 043 3.73(4) 042 3.33(3)
012 3.32(5) 013 2.97(3)° - 01l  3.04(3)
012 022 2.62(5) 013 -023 2.76(3) 011 -021  2.61(3)
022 -031  2.97(3) 023 -033 3.08(4) 021 042  3.12(3)
031 -041 2.92(3) 033 -043 3.06(4) 042 £032  3.07(2)
041 —022 2.94(3) 043 -023 3.06(4) 032 -021  2.90(3)

mean 3.34 mean 3.31 mean ©3.38

2



-M-021
L
041
21 -M-031
041
031 ~M-041

011 -M-033%
i 043%
023
033
043
: 023%
033*-M-043%
043*-M-023
023 -M-033
033 -M-043
043 -M-023%
023%-M-033%
022 -M-032
032 -M~-042
042 -M-022
022 -M-033
043
032 ~M-023%
1' 033*
042 -M-043%
e 023

O

i1 tetrahedron

105.5(12)°
106.6(13)
115.3(13)
110.2(15)

.107.6(14)

111.5(15)

:Mll polyhedron

69.7(7)°
86.8(8)
100.9(6)
89.9(8)
68.0(7)
78.6(7)
54.4(8)
63.4(7)
54.6(8)
66.2(9)
56.5(8)
66.0(8)
51.7(6)
50.4(5)
57.6(6)
71.3(8)
69.9(7)
67.5(6)
82.3(7)
78.2(7)
63.6(5)

E; M21 polyhedron

022 -M~031
031 -M-041.
041 —M-022
022 -M-032
; 012
042
- 031 -M-032
L 021
= 041 M-021
o 042
- 021 M-032
032 M-042
- 012
- 012 M-042
~ 042 .M-021

73.2(8)°
76.4(9)
72.9(7)
128.0(7)
63.1(12)
129.1(7)
87.4(8)
85.3(9)
80.0(8)
112.4(7)
72.0(8)
74.5(6)
78.7(12)
83.0(12)
76.1(7)

012 -M-022
032
042
022 -M-032
042
032 -M-042

'§i2 tetrahedron

110.0(18) °
111.5(18)
110.3(17)
110.3(12)
105.8(11)
108.9(12)

M12 polyhedron

012 -M~032
042
022
031
041
022
032 -M-042
042 -M-022
022 -M-031
031 -M~041
041 -M-022%*
022*%-M~-032
023 -M-033
033 -M-043
043 -M-023
023 -M-032
042
033 -M-022
031
043 -M-041
022%

M22 polyhedron

023 -M-033
033 -M-043
043 -M-023
023 -M-031
013
041
033 -M-031
022
043 -M-022
041
022 -M-031
031 -M-041
013
013 -M-041
041 -M-022

68.6(11) °
86.8(11)
98.5(11)
83.8(12)
77.6(11)
81.7(11)
65.0(5)
53.9(5)
62.6(7)
57.8(8)
66.4(6)
55.5(6)
60.3(8)
52.1(8)
51.2(8)
68.5(6)
73.7(6)
62.7(7)
79.0(9)
75.3(7)
66.7(6)

76.5(9) °
81.1(10)
75.2(8)
123.6(6)
65.6(7)
135.5(8)
91.2(10)
75.7(10)
83.2(9)
101.4(9)
74.5(8)
74.2(9)
91.2(9)
74.5(8)
72.7(7)

Si3 tetrahedron

013 -M-023
033
043
023 -M-033

043
033 -M-043

M13 polyhedron

013 -M-031%
041%
021’
032
042
021%
031%-M-041%
041%-M-021"
021" -M-032
032 -M-042
042 -M-021%
021%-M-031%
021 -M-031
031 -M-041
041 -M-021
021 -M-031%
 oalx
031 -M-021"
032
041 -M-042
021%

M23 polyhedrbn

021 -M-032
032 -M-042
042 -M-021
021 -M-033
011
043
032 -M-033
023
042 -M~-023
043
023 -M-033
033 -M-043
011
011 -M-043
043 -M-023
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114.6(13) °
103.2(14)
117.3(14)
107.1(15)
106.7(14)

107.3(16)

82.7(8)°
74.5(8)
84.8(7)
77.6(7)
76.5(6)
96.7(7)
63.5(7)
57.7(7)
66.3(7)
54.1(6)
63.2(6)
56.6(7)
55.6(8)
50.0(6)
53.8(7)
73.3(8)
73.6(8)
66.8(7)
73.1(7)
80.9(5)
62.8(6)

68.9(7) °
78.7(6)
76.1(7)

133.7(9)
62.2(7)

124.3(9)

110.1(8)
83.3(7)
80.8(7)
89.2(8)
72.3(9)
73.1(9)
83.1(8)
80.1(9)
78.6(9)
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K= CasSi04 AINFXIREHIB o T3, TRBTRS #-5 0" S8
¥ 0.b.3c AB31=EB R (AER)

X X 2a,2b c B3 1=F B I

indices observed calculated
h k 1* h k 1%* /T, CuKa-20 d . d
020 040 9 19.062  4.656 4.670
006 002 4 26.176  3.404  3.406
123 41 11 28.22 3.160 3.165
106 202 10 30.797 2.903 2.903
033 (0 6 1) 8 ° 31.55 2.833  2.831
200 400 2.777
116 29 o 100 32.270 2f774 2. 772
026 042 5 32.555 2.748  2.752
130 260 95 33.029 2.712 2.715
202 - 6 33.48 2.674 2.679
126 152° 4 36.436  2.466  2.466
220 440 14 37.698 2.386 2.386
036 062 11 39.237  2.296  2.298
223 441 14 40.031  2.252 2 252
0413 081 . 2.209
019 023 20 40.892  2.207 ,'5.¢
206 4 o2 3 41.83 2.158 2.152
216 422 6 43.134  2.097 2.097
143 (281) 2.052
0239 © 4 3 12 44,162  2.051 2. 042
233 46 1) 9 45,785 1.982  1.982
226 4 4 2 16 46.463 - 1.954 1.954
046 (082 4 47.28 1.921  1.926
053 (0,10,1) 5 50.625  1.803 1.801
. 236 6 2) ] 1.770
150 (2.10.0) 13 51.647  1.770  ]7200
219 42 3) 5 52.985 1.728 1.727
0,0,12 (0 0 4) 3 53.86 1.701  1.703
1,0,12 (2 0 4) _ 1.628
306 (6 0 2) 3 6.55 1.626 (" ¢
316 6 2 2) 1.602
0.2.12 € 4 4) 7 57.480  1.602 1.600
330 (6 6 0) 13 57.939  1.590 1.591
149 (2 8 3) 6 59.142  1.561 .1.562
060 (0,12,0) 4 59.337 1.558  1.557
400 (8 0 0) 6 67.43 1.388  1.388 |
260 (4,12,0) 5 69.25 1.356  1.358

%2 -2z0. |
BN L - Ca2Si 04 WA nAR3 5T

o [+ . v 3 .
composition a(A) b(A) c(A) reference

Cal.SBaO.ZSi04 9.58 5.53 6.86 This work

CaéSi04(13OO°C) 9.543 5.605 6.883 Yamaguchi et al.(1963)6l)

CaZSiO4(lOOO°C) 18.952 111.184 | 6.837 Regourd et al.(1968)54)
. : 16)
Ca2810.75Ge0.2504 9.293 5.507 6.823 Eysel et al.(1970)
Ca1.75r0.35104 9.339 5.553 [20.436 This work
CaZSiOA(SOOOC) 9.41 5.53 20.43 Saalfeld(l975)48)
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X 1= Caz S04 o) FRITEFF/ N7 A=~ T F TSRS

&z-21.
‘atom position  multi.
ca(l) be 0.5
Ca{2) be 0.5 .
Si 4e 0.5
o(1) be 0.5
0(2) 4e 0.5
0(3) 8d 1.0
E2-22.

% (dx)

0.25
0.25
0.25
0.25
0.25

0.011(6)

y(dy)

0.077(2)
0.702(1)
0.092(5)
0.467(5)
0.937(3)
0.178(3)

Xh— (23104 mi%‘i@%‘:%%%ﬁé‘& SO B H

510y tetrahedron

si-01 1 1.67¢(6)A
02 1 1.68(6)
03 2  1.61(4)

mearn 1.64

01 02 1 2.54(6)A
03 2 2.72(5)

02 -03 2 2.69(4)

03 -03 1 2.67(5)

mean 2.67

01-8i-02 1 .98(3)°
03 2 112(2)

02-Si~03 2 110(2)

03-5i-03 1 113(3)

Ca(1)0;g polyhedron

Cal-02
03
03
02
03
o1

mean

HNNNNH

-03
~03
-03
~02
-03
~02
-03
~03
-03
-03
02
03
mean

02
03
02
03
03
03
02
03
03
01

NNNMERFNMNNNNRN

02-Cal-03
03-Cal-03

. 02-Cal~-03

03-Cal-02
03-Cal-03
03-Cal-02
02-Cal-03
03~Cal-03
03-Cal-03
01-Cal-03

02

03

NNNFEFHFDDNNNDODEDN

2.61(4)A
3.15(3)
2.86(3)
2.80(2)
2.80(3)
2.29(5)
2.81

2.69(4)A
2.67(5)
3.21(4)
3.21(4)
3.70(4)
2.69(4)
2.98(4)
2.67(5)
2.92(5)
3.10(5)
3.63(4)
3.42(5)
3.12

54.8(9)°
50.2(9)
71.7(9)
65.0(9)
76.7(9)
56.8(9)
64.3(9)
57.1(10)
61.4(10)
73.0(12)
90.4(8)
83.8(12)

z(dz) B
0.833(2) 0.53
0.993(2) 0.27
0.277(6) 2.39
0.005(7) 2.05
0.160(5) 0.60
0.225(4)  1.0%-
Ca(2)07 polyhedron
ca2-03 2 2.43(3)R
: 02 1  2.51(3)

03 2 2.39(3)
02 1 2.64(3)
0L 1 2.24(5)
mean 2.43
03 -02 2 2.98(&)A
03 -03 1 2.92(5)
03 -03 2 3.70(%)
02 2 4.59(4)
03 -02 2 3.21(4)
03 -02 2 2.98(4)
03 -03 1 2.92(3)
01 -02 1 2.54(6)
01 -03 2  3.10(5)
mean 3.30
03-Ca2-02 2 74.0(10)° -
03-Ca2-03 1 73.8(11)
. 03-Ca2-03 2 100.2(11)
02 2 129.8(9)
03-Ca2-02 2 81.8(10)
03-Ca2-02 2 .72.4(9)
03-Ca2-03 1 75.4(11)
01-Ca2-02 1 62.1(14)
01-Ca2-03 2 82!8(12)“
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K~ CazSi 040 RERE . P3ml, Pébsme, & U Pos LBELER
LENENE]Y S 2FR3THE |

P§m1 P63mc
ca(l) | 2a % 22 2= .56 |cay | 26 | 122 2= 95 |
ca( | 1| 0ok 1
ca(2) 2a 00 z z=0(z=f) :
ca(3) | 1a 000 i
si 2a -;5 % z z= .16 | Si 7b %— 22 2= .3 ;
o) | 2a —%— 22 z=-.06 fom) | 2 12, 2= .s6 |
‘ - x= .17 - x= .17 ‘
Q(Z) 61 XXz L. on 0(2) 6c xXz . o
ca() | 2b | $22 ze-0.3
Ca(2) 2a 002z z=-0.13
) si 2 | 322 2= 0.3
o(1) 2b %-32- z z= 0.11
0(2) 6c | xyz x= 0.40
y= 0.45
z= 0,42 3
|
5
x
{
i
’ |
. .
e :
X~ 25104 O BRARLF
Flux Mater./Flux Temp. (C°) Time{h) Products
cacl, 1.0 1300 19 cys -
cacl, 1.0 1500 15 c,s
CaCl2 1.5 1500 21 not determined
BaCl, 2.0 1500 14 o-C,S
Bacl2 0.2 1500 14 non crystall‘ine'
BaCl, 1.0 1400 20 oX-c,s
BaC12+ 1.0 1300 19 C35
cacl, 1.0 1500 19 cys
(3:7)
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MRS &0 3878

Ba T #d/f/L L= v—Ca51 04 m%ﬁ%@%@ﬁ%miﬁ&

observed calculated
hkl |26 (CuKa) d /1, 26 (CuKa) d
100 18,34 4.836
101 22.19 4.006
002 24.90 3.576
102 31.102| 2.876 | 65 31.11 2.875
110 32.054| 2.792 | 100 32.06 2.792
200 37.0 2.429 7 37.18 2.418
201 39.3 2.292 | 20 39.33 2.291
103 42.27 2.138
202 45.25 | 2.004 | 23 45.27 2.003
004 | 51.08 1.788
211 51.61 1.771
104 54.75 | 1.677 7 54.73 1.677
212 56.50 | 1.629 | 14 56.53 1.628
300 57.0 1.616 12 57.14 1.612
114 61.58 1.506
302 63.26 . 1.470
220 67.0 1.397 7 67.04 1.396
105 68 .37 1.372
5226,
iy ]
BFE X~ (225104 HALOD MBS TAT
_ . z 5
composition a{A) c(A) c/a reference
: ,,9a28i04(1500°c) 5.527 7.3il 1.323 | Yamaguchi et al.(1963)61)
:§a23104+A1203+Fe203+Na20(?O°C) 5.419 | 7.022 | 1.323 | Yamaguchi et al.(1963)*%
fa6e0, (1500°C) 5.69 | 7.42 | 1.304 | Boikova et al.(1974)%7)
3600, +1. 5%B,05 (20°C) 5.517 | 7.164 | 1.299 | Eysel et al.(1970)'%
§32G304+3ZBQO3(20°C) 5.507 | 7.171 | 1.302 | Udagawa et al.(1976)68)
“9Rg 3514 704 (20°C) 5.401 | 7.144 | 1.323 | Suzuki et al.(1971)*>
L.272Bag . 782510, 97304(20°C) | 5.579 | 7.150 | 1.282 | This work
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Ba THENL VE X -Q:Si0s o (C5HRP

(1120)" ig.loss| Ca0 Ba0 sio, total
wt % 0.11 . — ) 28.56 477.95 23.41 100. 03
mol % 42.1 25.6 32.2 100
mol ratio 1.307 0.795 1.0
&z—28.
o(— Ca2Si04 0 SFFE
=] _ ~, h) (%N
= AR =p Y] M BT I 2 R
hk 1l : no condition h k1 : no condition _
0 k1 : no condition 0 k1 : no condition
‘hhl:1=12n h h 1l : no condition
hh 1 : no condition h h 1 : no condition
001 :1=12n 001 : no condition
- %z2-29.

X~ Ca:Si0a ARIPEE/ S X~ — 5 &0 B eRER 3
atom position mwulti. x{dx) y(ady) z(dz) i
Ca(l) LE 0.1634 0.3333 0.6667 0.688(2)

Ca(2) 2a 0.1754 0.0 0.0 0.0

Si '4f 0.1667 0.3333 0.6667 0.220(5)

0(1) Lf 0.1834 0.3333 0.6667 -0.045(27)

0(2) 12k 0.5 -0.183(3)  2x 0.292(5)

atom B11 B22 B33 Bi2 B13 B23
Ca(l) 0.015(2) =B11 ' 0.009(2) =0.5822 0.0 0.0
Ca(2) 0.046(3) =B11 0.012(2) =0.5B22 0.0 0.0

Si 0.024(6) =B11l ~0.007(2) =0.5B822 0.0 0.0
0{1) 0.026(8) =B11l 0.123(75) =0.5B22 0.0 0.0
0(2) 0.015(6) 0.010 0.014(11) =0.5B22 0.004(4) =2813
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X~ 25104 0TI RS TR

(1) inner domain

€a(1)0;¢g.-. polyhedron

Cal- 01 1 1.94A

02 3 3.22
02 6 2.80
mean 2.84

(2) on boundary

-€a(1)0y; polyhedron

Cal- 01 1 1.94A
02 3 3.22
02 4 2.80
02 2 2.88
01 1 3.61

mean 2.92

Ca(21)0;9 polyhedron

Ca21-02 6 2.68%
oL 6 3.24
mean - 2.96

Ca(Zl)OlO polyhedron

Ca2l- 02 4 2.68A

0L 4 3.24
02 2 2.30
mean 2.83

103

Ca(22)0¢ pol&hedron

Ca22- 02 6 2.308
mean : _2.30

Ca(22)0g polyhedron

Ca22- 02 & 2.30%
02 2 2.68
01 2 3.24

mean 2.63
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phase transition series
phase Y > a'L > B >y B - a'L > B _OL'L +a'yg > a'L
Y a b C
J\ J\ j\ |
B a* c b - a¥ c b
B V20 V2 V2 W S
o'y, a b c a b c a b C
\ o
a'y a b C
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No. |Temp. (°C) |phase a—-axis(z) b—axis_(z) c—axis(;&) a/B/y(®)
1 25 v | 5.081 [11.224 90
2 25 Y 5.081 6.778 90
3 700 ai 9.418 6.811 x3| 90
4 800 ui- 5.584 9.432 90
5 350 B | 5.542 9.387 93.8
2) o o o
No. | Temp. (°C) |phase|a-axis(A)|b-axis(A) |c~axis(A)|a/B/Y
1 25 Y 5.081 6.778 90
2 25 " 11.224 6.778 90
3 250 Y 5.083 6.795 90
4 450 vy | 5.091 6.817 90
5 650 a£ 5.578 6.806 x3! 90
6 800 dﬁ 5.580 6.820 %3] 90
7 600 ai 5.569 6.806 x3| 90
3)
No. |[Temp. (°C)|phase a-—axis(z) b-—axis(Z) c—axis(;;) ofB/y
1 25 Y 11.224 6.778 90
2 300 Y 11.255 6.803 90
3 550 Y 11.284 6.817 90
4 670 o! 5.578 6.810 x3{ 90
4)
No. |[Temp.(°C)|phase a~axis(2) b-—ax:i_s(z) c—~axis(2) a/Bly
1 25 B | 5.513 9.321 94.55
2 | 650 B | 5.557 9.423 | 93.5
3 750 ai 5.580 9.422 90
4 750 ai 9.4272 6.813 x3| 90
5 650 B 5.556 9.423 93.47
6 300 B 5.534 9.372 94.08
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5)
No. [Temp.(°C)|phase a—axis_(z) b—axis(z) c——axis(lak) ofB/Y
1 25 B | 5.513 9.321 | 94.6
2 600 &) 5.554 9.422 93.5
3 750 o 5.582 9.433 920
4 1000 a£ 5.592 9.474 90
6)
No. |Temp.(°C)|phase a—~aicis(2) b«axis(:’;) c—axis(;&) ofB/Y
1 25 B | 6.763 | 9.321 | 90
300 B8 6.791 9.365 90
3 | 500 B 6.811 | 9.402 | 90
7)
No. |Temp.(°C)|phase a«axis(Z) b—-axis(;x) c~axis(2) ofB/Y
1 25 ai 5.553 9.339 6.812 x3| 90
930 di 5.603 6.916 x3| 90
3 980 @ﬁ 5.607 6.916 90
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£4-3.
= e -
W HITDEAT TR TR o BHETE
temp.(°C)| phase|a-axis(R) | b-axis (Z\) c-axis(R) B-angle reference
550 B 5.558 9.443 6.823 93°41' | Yamaguchi et al.(1963) 16)
750 a' [11.08 18.55 6.76 Dougras(1952) 25)
800 o'y, | 5.53 9.41 6.81x3 Saalfeld(1975) 8)
1000 a'y | 5.59 9.48 6.83x%3 ibid :
1000 a'y [11.184 18.952 6.837 Regourd et al. (1968)7)
1200 o'y | 5.59 9.49 6.85 Saalfeld(1975) 8)
1250 a'g | 5.593 9.535 6.860 Regourd et al.(1968) 7)
1300 a'y | 5.605 9.543 6.883 Yamaguchi et al.(1963) 16)
1330 a'y | 5.615 9.609 6.894 ibid
1500 o 5.526 o 7.307 Regourd et al.(1968) 7)
1500 o 5.527 . 7.311 Yamaguchi et al.(1963) 16)
HA—4 .
=3 4 - o
BAH oSSBT 6] o BT
phase |Temperature Range|Thermal Expansion Coefficient (x10~6/ °C)
°c) a-axis | b-axis [ c-axis | angle*®
Y 25~ 650 4.63 10.18 13.34
R 25~ 650 12.62 | 14.93 17.51 2.1
o 600-1200 4.95 20.53 11.76
oy 1200-1450 49.17 74.36 |- 49.40
af (5r) 25~ 980 9.42 - 15.99
1 . _sinB2~sinB]



' 151

. - n130*
y 500" o 1160° ol 11350° 130 melt
< 500% /
’/680'_
@4~

Ca2Si04 %W (Eysel and Hahn (1470)™)

—— SR

B4-2.
CaxSi04 o %W e @EE (Lo (1915)P)



SRR R e

R

152

(A) . ars ’ (B) ' a*

b* - e . . ® - -b*

© o . . e

WA -3
TABEAER R L 2 BB Y =7ty 22> 55
W) TR, VIBRPBOE (5 00T, lAB 00T OB |
©)350c, BAB a0/ (P) R, V4B 4b'H



Oy
153
_.{
2
i X
0 2 e 6 8 b?;
B A
P A

B4 —4
Yo7 yrs > Bh (1214 3 (D)) nwﬁ%‘iﬁwﬁzmé
Xﬁj%ﬁilrl AL [j%ifgg

| : *
(A) a* (B) a
i \ ; ! ¥
‘ . ‘ - '
|
/’ ’
!
~h . - @ *® V e °
- .
- ) + S
-® “\ .
O‘/ \ \ ‘
/ \ ) L
.

..ok



[

(©)

EEEN

(F)

. -Db*
* *
aataB

l

*

< CB

o

«bk,

b*



159

) | B

@4 | |

RIS R R | TBBE B 7D ew g T TR
(), BHELTR VST BHE, ER0R,
B), AYEIS0C =Bk =50 B~

a*j

G
4
AYIAY
.
\\ 7
c7'¢ . L3 r
Yo s
— ey iy - !
¥

PRSI

c*1(100) 7T

2"

B4—F
M4 — 17 (A)FESE O oS ERR W ISR LER
aAF v Ch #E e BRI EN S 3. |



156

m4—9q. |
X ABSAER R B \ TR ( =Tty e T =]
(A FE  oUB o'l 0 , eI BBIRSBINCER T

(B) 930°%., orhAB o¥c¥ i OF

Cr /%t /PRy

N
aa.L//a o
N,
byr /P, /1% < > pY |
a*g//ay

M4—1 0. |
T, 6,00 oth A8 Blo ZR7Ay ARG



A4
5.8 | Boel 157
) ’ [+]
a

5.7}

5.6 | 3Lf{}ch_E;z;:;j3:::g_})_,..JraJ/';:;:ff'
:;::::::::::;;;;::::::ZICZ;EQ‘*' 2 2l
_ ° 2 P
5.5 } 8

5.4

53}

Lattice Constant A )

52}

‘5-1 -M«M

5.0

0 _ 500 1000 1500
Tempergture ( °C )

m4— 11 |
EH 015 0 JB3 T o BIRC

0 Regourd 8 (1468)” 2) Saalfeld (975)” 3 e qes)”
(B4—l, (2,13 1=FB)

-
v
L4t o op
o
a

13t

A~f*””'/b”””/’ﬂ’//—

1.2

9.6 ¢+

9.5 F

Lattice Constant { A )

9.4 t

8.3 r

9.2

9.1 ! + !
0 500 1000 1500

Temperature { °C )

M4 —-12.



1)

2
v af 3)
o o
7.2} o B
a v
7.1}
-~ 7.0}
8 <
£ |
2 6.9} )
g 3
§ 3) . 1) 1)3)
8 6.3-5///#.,%/);"’5 : a2
bl S 2)
5
6.7}
6.6 L 1 L
0 500 1000 1590
" TYemperature { °C )
R4—~1 3.

HiH o ity (AR biib) mm&%&aﬁﬁﬁm

|

B Angle (
!/f/f

° 95 }
94
93
92 .
0 200

400

600

Temperature ( °C )

B4 {4,
Bi8 0 BA mﬁ?‘%‘ff%

108



cell Volume ¢ A%)

400
350

380 |

370

3%0 I

350

340

330

159

Y

0 500 1000 1500
) Temperature ( °C )

M4-15. ,

AR~ BHASIEE BR R e (E8 o oo o | AR g AR 3
Mg Oﬁhohexaqoha( 3 ok Ys12)



160
%3 B Cazsi04 o fRE74% n ik
5 1 F = & X

Fmiti 6 ( 70)§hfiﬁ0wﬁﬁﬁ%éﬁ%r%fﬂam zo fbF v Yk S
TWE QL0 2ot e %y, m@*‘rg B 2 o AEE oM Z}'F(:/L{’fv

o L @ﬁ#&&wm FRHEIR B g A %»:sz AYHod, BEH, =
AL 13N Do SR OFEN GUVE . Eysel and (-ﬂtahn(l%/ﬁ‘)z% S oA

VT Ul JH f" 1597 BABT DA BARRT € 478 1 - 5 50

T e s -
A S oAy CHEpeEAs AL
: 7 BNy . AP TN LT R e NS

N2 Ciz i Og o AERSE g LRI A4S T @zgaéoﬁpzsruﬂb

NERE %{;‘;/{* Rt - AN

Aty = eERE 0 A L 3o T
SEEY D Dk FzE 'ﬂﬁﬂt OG- ER G ST~ Eird —
Si=d wdnein Lz,

\\Q

DA~ 16 (A DA ARG €2, ©
y%}l? T Fﬁ RS 5? N AT I - SN AR ety

WA 1%‘ )—/ r }»;f‘f — — . .
/ oSy v AR LAY QU A e Rl e
BEAN S L ”E,;/,f PO T o, (o A F =R

Fewh | (Ao Cr BRSO 2R w%¢@%i4ﬁﬁﬁw%

1ol , X1, 5}5(&\«@\—i K504 *‘Mi%‘i& “B )

A
) )J'\’Z;A‘Pg(f} 7 ﬁ@{ﬁ )@ [3 (oS Ntfj - U)Z J\f] ;/}‘ 7 <@:
- . 2 KL g L3 B A i P S
RPN & /“//f A { ¢ \IC)/FE’\P’/[J e NPT C?LIJLH ( 7=, 4)“‘(<2§O4
S ryaz A A . B ,;; 53 TN ERAREZ ) 5 O

— 16 @)zl e 3

L AN,




161

no- bEIIES 9.
X S L By L, oy asl, b/ b,
p/col o REE me/ﬁ% U, AHB2E-FF | oidenrdss 1oy 2 L 7 ¥

o, I OENURER SR T w/»r 195 of) {Fry°, bERH LD

A ), ek 003 A ray % Ve B . STl
) 700°C ABRBEIER B e TS . (R ERH e ey
1 AEN 9% (OQ e | e HARI R R LY T e ER . ~
Vo LA SRR Y | Rt oft B e o e, M-
s /T\'@]f?&imﬁﬂfg‘/]/f& VEZ LW, S Tt iud t‘}\i”’cf\l
(o FEET L BEE SR B BRI . TR o Gl 5o
G RRELBE i, LB 1<, w=ler g tors £91A
BT AR S0 9B O, A / ff/‘iﬁ%z% Lz AL AB
(nlt1) /x5 A0S, T E S Oy 17‘}23“7} »E THIE TACA e
l‘t’/@[% VAN NS SY Z{ﬂ}mﬂ RV, ik
CVCREETYE T el S, S Bo A e CHS RIS

wd o

TG T O Gl 06 NE O BADT f; o Col2)0n ZBART

—

: oA JIS P T e N [ — - S S _ s .- R o
'7_".1//}\% - t“]\"/‘;)(\"?"?”'mf‘gj 7/ coluypme 7 Wﬁ@iﬁ\& WD e AINA D, D AFE

. mi}%ﬁzﬁ% m%ﬁﬂ%zg\ 5’/%41%/ 5 (1965Y %t)\c}i/’w‘ Eyse| and Hahn (19 fP)z
’7 70*‘5}3_)']?,‘\3“,;; 2 T UEOFS o RE f\lfio\ ,f*i‘f’/ﬁ??) HoBtE - g TH SAY

: 5 1 ,)ﬁf;g({f% Frafgle ), DQ&’J feld (1367T) ﬂ?‘“ﬁf S s 52 %B;t
HeSh f»’if*;‘fff%ﬁ 7 ;/ii; ARG SA3L0TBD,
: 0)/;%;L13/?c—vj\ 2t I e EpE e awms’&?ﬁ
U, ﬁ)f‘:z;:g ﬁ)‘(ﬁ'ﬂ"@ tre V2% 9 [B90%C

9337, e Adn

T

]
v

{
)
(]
N
9 \
VI
~ \
Y | L
?';:
¢;,




162
3D

AU o CR O e Vo montice e Cab {0)04
: /f/’u/ Voo T e BT o) R :ﬁ) NN
i}:ﬁﬁ? e oSN O BoE - CanGe O V) BT o BB
A éf/\"””’im N ’:’év\’@\,\,
A=bBXa B ofo % 7” EHBER 044 >\ | Foldschmldt
Kgo B G & ST INT NS, (2 Tow s BFRIEE,
(/ NS0 4 f-K2504 o i B

;ﬁ7t/ﬁ?(*ﬁ“*ﬁﬁ<\ﬁ“7k

NS

{ t '.B’I;{ZSOA PG YE-R R

’ '} oy o T’;\ -, ra OEFR i 8-N. SO 7 - w7

A LA ‘g FlA& A DEEEOWN | BRSO lza .
45 S S T SR {REE DT 7= —AERNL
i‘f ¥ >Fﬁﬂ VAR ;’Mﬁ\x@ IR . aekn

:«gﬂ%ﬁ“%w,%;: T SRS s

;: | B opEROWS

B A e = = =

)\\f’td chlfj £ ;;..) S FI0 (;ﬁf’}’,}! | | . wﬂ)_l:fr

33)

PN AVE G AT 7 o /22‘) ol ’Z b= ES;)D b

£ (P00 (000 T )T

fffgzzg*%ﬁffc;v@\‘\z'ﬁVEo\J)c\\‘fjgmwﬂ 4wb@na(/,ﬂ;b
zhetEa, MU0, M0 0 PHR S ANERE | 32 (007
Q \’“U Js Tz M) TR S o TR 1S 4 %mWﬁf 3y ‘%?;T% BT RS
| CA A T Hs AR f”}"\,t"?\{‘\”{"{\(_g/%{(\“{‘18 sBE . 03234 Fib (1o, (U

A e tfﬁ?‘ T. &t ,k*; (34 eR7 = eh™ é” FINTWD

I [ p % St b

Tors *df%d 7\ \Ca/r’ *'u? ; }/) - o,’n/mg . ot ite i‘if‘ﬂ,‘iﬁﬁ?’ﬁ“l"é(\\
Vs i04 ¢ Y —ConCe Oa 1A /fﬂf//f)/;i Zo el WA et A

(k“)ﬁfﬁﬁwm?* T, MO, ~#?§$m>5'h‘ adal
B3NS 7 B EDE N TRy, ),MM\ BAYWZATEHED.
 MEEBE G 3ERD 050, rgsg,qumg

R er ana {l"f}{?()’,‘} Wer ( '7'/”?’ ) .EZF S8 o BRI 5% S
o FH N W 0B TS RS0

o




163
P e B R T R B, D C R ABERR =
L X SRR s v LT o N R L B TR
:2/(%Q;%ﬁf§1f7iV?VJCMOWhZme€’O)WIZJm DB B CHRLE).
r,;ﬁkxbfﬁé Ym/Yo 55 0,854 =HWw T, m\%ﬁ pEc7A
AT L TN B R . SN LB TR s A 2 QUEZ
;grk%L‘i . EPAD
O%ﬂfﬁﬂﬁf\%ﬂi%ﬂﬂ%¢ﬁvmz\ﬁdmét'

[ ! b

%ﬁ*<594>yt%w>.@v%?v¥%5ﬁ¥~

o
BT
7
*7\’?? )
I

ML ToAR TVBICEER .  FEe AR Nk
ome/ 70 /Sfmr?é 1o HE SBT3 BR T h 2 SR,
RS A L YN £ D) S EU
{2 yﬁllj =0 ('ﬂ' k‘\;/if”n? DAL 6,’&";";?\ ,7} } (‘>/\G‘ vy
nd Pﬁwmﬂ(WQHﬂTE%T cTOy FFZ WA - 19 o d Sz T2
MM?ﬁxvﬂ4uﬂ¢wWL:mAz\m1ﬁﬁf%$zt&¥£a§umﬁﬁﬁﬁé
L7702, ﬁmbd’wx’ JYM/'W&A

V@17UY6

IS

T 0BS5S Mo lBEwRE. Dol

“0-6@Aﬁ+ﬂfﬂbqfﬁﬂf\dﬁgw
(a Ao o B 0515 =Y
WL 7 ﬂm&}*“

s

N RN S E RSN Mﬁvwﬁﬁﬁh:Qaﬁﬁszﬁw:%.
i%b@u???t WW%w'ﬁ\.ﬁm?ﬁnﬂWffﬁ Y2, 7
| 7 CENE BT e T R 0 R3S T2 A
SOLTNHZA5ED cHz 5D ﬁ&@ﬁbﬁu%a%ﬁﬁb
PN (&/$ m%ﬁﬁﬂ§10$é%ﬁét12”éz M E) PR
: - 7= oL R
DOV TEIAFS

R SN

hs )BTRS SRR E



4

N

m n

1
26)
Later qid Meagher (13783 AN UAER = F )2 M)

RN RONOEY = Al e 115 i%’L L e 2 a2 13
v “‘fefff/ﬁér- W7 | EodEran /\% 3% Clﬁﬁ—; T, ymﬁ%m(a
) EBD CHISTPET MO S O 526 T L A1
:A'i' 7 e A LT (ot LB s R 3 N TR TR Qo (2)RS oA AR I F

\g )J

L

’;)'Zb, S &75\( ‘E K_j\ ‘‘‘‘‘ \7‘~ gl };J\BZ,?%@/J‘%?\\(@IF (/\/\tf‘ef’h%

EB S ;P\/» e /bé

J— A ' ooy ; LB R A HRZE 0 =B AT vInE
) ,’i”@“,,_ AT 17

§ 3 L Ky M%@f%%

S (o d VWERG L ol 5T }{%F@F—&f,&” = Hb
freatop. ”jr, L) &Tg;tﬁ%%& Pt 0T e OB v T3 %&L@i] N

' ﬁ‘@fi%*t ASPETLF L o bR BT T ’fé\*‘f’f’ﬁ‘f WL XL FRNELE

S LSO o) L SR04 A o kBT A 4 A e AR B T TR

ng AEUZ3E oM 3 E T 0 ;(/\\:H ) ‘<i73'>’§‘:'a [ 1 é(C)' o

A t—~

-- e AT v T s R e T S R U i
Hoa— bR, Y f‘ BT oAl cR\ LT }H»’/’ W?%:’ZE%{@; 0

\.

*ﬁﬂm 5175 o o1 ] ‘;fi‘:‘@% L%c IR B U I UAEE
)

&A1 T ARSI L ¢ vha81Y (Xuﬁ&(/) E RS L
N IR AME 72 “/3<Ta Yo& Y7

THRPE o0 Bl 0TI (5K SO4E ey
B TARANA L Cond s s T o w),mzy}gxezz A 16 /D)

=T

Lur

<

ot i R S, awiloo |, bl bty



165

AN AW Heagprfr sz G, BB - Hiefiv | od AR %
1.5 o B E B L B A R SING < B . oY ER:
Lzvd B4 11, 4-12, 4= 13 A SH S MY ;2:, 0, b CHILE(T
IR ndie (A3 ) gt 9‘\ o), iy T A B 2R L TEE
B S TR ORI R 2, (6L, F IS BRI | X H:gu
‘c’u/ AL A BT ) A ol a5 T T v MER |
(44— 47

}ﬁ@@/"?#% o 4‘ 5 0 o AR RAD C U of LA A fBEs
Do S0 0 F A oAB 50, (a SIS EES (2 0 E (- ke
- 2 R/l T 03 T EFMN v N4 Az LN, T3 T
YL IRRGEYT W% T el /Téilf*z&z A Ao T s ER LT
& :m_g;tfggﬂﬂ,\%.gygg\%m%ﬁfﬁf-gg@ SR s N B SO TR v
77 van? >ﬂ/fﬁ€z/(iﬂ‘3hz; > NG \o\mw;‘ ASEENA, DTATT

A T h e T ZW**\'@ , :

L&Lm A LSS T3 TN S o B Ay T by Y A S0
T3 LR e e

3 4 c;Le—»(% AR

AL AL AT 2 v < (,f; el e 20 L T 0 PIBeARG B,

- b1l - Vot s sk e LI I -
bcﬁ’t:ﬁf’ S \)( GIREIEL L € nwC & ol L §edlE i B E e LR

- CRoRBHEL 57 z” T TS e RN BT
;;;%”‘u\;g@ Wi, g — 1 6(8%4’),?3/” >TL4§£>‘L.K~;1€‘& . |
P PH e 2 B e S @o(L//() 5, beilce,
-*lr?u,%ﬁv\g/y BOL L 2oz ) U idug (1000 HEAS




166

¥%%Whocw#%%tﬂiﬁuiﬁm&k&~@%?wﬁOngﬂ]

b} CpAECER ) TR 00 1AFDRIIOL, 8/ B badh ) . a0zZA
X m}u/fitézmd;/gu Tt Pl B BBEE T oRETRN 93 5 C
BB AN, J000C ef9F4°  ERT 49,557 LB BTk
JRAL oz, SRGAS ARG - % B RS TR s TR

TR oG e R PR e A L G S o ERATE Ao
.

o TV S CHET [0 B S SERALE BT
o FHRAR S o > LIRB AT SNBJES 0 BT R E R4 -

5

201:;7“1? oL (A= B e SN R s Ry 10T
ESALEN TR 3G A XL A SO A MBS EE T v . CERY RO

¥

5%%km:“‘za0w%»?@@f?c%?v4m%%mmMﬂﬂﬁ%®

?l}\z w jj 7'x »(I!E j'&y\} . —-{'7 )Ll l\ l l—\:‘_ /ewamﬂ fﬂf{ ;)} V/i(/(/ls' ) /cﬁf\l‘}

[

=D (M2 =338, | By, ol PR G, B -

=
201555 | B3 o877 v S MLe T 7’?* N0y e R A .

L SRR R e LﬁyﬁmﬁmHYQWMwﬁ«/ Jéﬁ%@ﬁi
: Py 3 : ///, 2L 4 — 21 i g (/[OF) VVRERZTS A 3 SR J\\jﬂj‘?\
Hro. zfié? A RT s BA 27 TAEB(CI S, o AHa aljdy BABo
1 @Pwﬁﬁﬁ“M3d®§5”Uy®'ﬁﬁmmf R

A

4 . [ _— "_ ,,3»—
R "'*?77’;"”-- EA L Tl ol THEA - 2010 T )!w‘ﬁgﬂrw 2o

)

i3 4%% umtﬁy\?f@r o \77 U: pSEENG AL - 7 XU AH e afh . (48
00T ITE R <Td Y SR8 RS od5E ‘;j‘f‘?“ﬁ”f_ D%, T

{

(’ (i)f'”)/\xmé/f‘“ EHE D I, S o FeELEERE o i) 1) JIaCts Y | 5T

JEFo VR U193, ot e fuvwif«*'@ (1o0) FEHF )
=8

- 931%be a@ip NP EI00 )ffxu 7 L (TR S q 1 EE T2

:~ 2:75 ID\ :{ :ZT{E‘E?I ’“A)’('J\ Q)O . . e
PilcdonT 0B AR T 32 T e rd . AT MEGAES

B Ca WS by B (100 L7 7 FBS A T whas



167
Vt%rqg[ R "74}:{1- Sty 43; EOTEICZ2 t o Nl s SRR

BNV

5§ 5 @Y AvbBdid

LA |2 < 500 C R o [T % TS O PIBo
HRABE N A- 16 @), (B) =7 d. |
ﬁf@’a’ﬂ‘f%ﬁ FEREL . B 0BRSS ). el bploy, Cellbr
FRyRAE 0 B1A T 7;, EAsle O*Féﬁ”ﬁf’p%\k BRI BT X
._;.j' A Y B3R athe K B ol L, o bEs(T ;mm C *ﬁ%ﬁ'\
A OTAEENOL, CHY T AR bES) a5k, BRI ATR r’)
1, 1a/owf“~*;3 (200" c,ﬁ)c\mﬁ%m% Ao =y [ 2 W AHE

,lt;“{; /“" /;}?:?Q( < %)/:‘{_}J ", x (/>f 7Z74 - /“) = J\DL )‘.&/72‘; p //7»\(,
PN 73"955‘9[: B | %0 (AR o ERSE I AU, R4 - 3 )T
RS \ » z'-;\ F“z vl ST T W,

&

e

/7\@ f)’ K a/%/’[x):?dﬂir AN ;*/)/\ S m‘ r % /J/}
‘‘‘‘‘ %Bj}/& v-zz R‘/T\Vb‘; . [/(\ J/F‘l //‘ ‘\ f «(_'SO/L E,%{\fj’u L“f’ m, I :f\ g /;ﬁ;’l t )';:Tg\\

iz !
o}*ﬁp\&‘r/) wlA oFhE) \”;\én = 7\42?3%/»:??)’( 3 e p\)}L hdlehat oo

EVE & AR SR LT
A et f*« 5; JEREAEY 2"@ - Al Lo (BT Ca %M
'/Vﬁb}zﬁi\ 3RS O I LIBTAY | 2z A/ R E LIS léﬁ@g&iﬂ’k%o

a%ﬂomm%«t VT @Léff T3 (Ao RL, < BT ml-EE

| *ihﬁf*ﬁx’fﬁ”* YFE L Lo S b L 23 Y YRT 4 T
W%/J L7 SWA. TG, TR ARIET 0T T v\ T

Bk TS . T oS TAR R B UL 2 SEIN e e
ApRE Yz rz oA, 4 PR adie e g nid 36° (6o0T)



168
ﬂ; TRTE SERCBS, T ”’_}5\‘{-’2 B LT S 0\@7}31/7\%)\5{05 &%
S )t[ﬁ,s‘”mb TR LA AT 2 B 2 5
w)z 7@&&’@1!4 N %ﬁt\/mﬂ oFER, fibbo ( 100 EeEREsY
* E P\ ETBR (0O H OB | ISP e ¥ Loy

I =y A TJ{L O & AT fHH e %ﬁ{//OS%

,

%Q)'\ﬂ"\\m‘//?%"'?\’lff% PROE S} F e VR

8 6 Auwer O FEEBIEH

; MT]’!T&U , "/%f Hi 1= i%vaﬁg‘ Au% LL—?@;X% =5, X H“%D( 7 #9 fr"“‘
| ué‘t)/ R G ST z" . Yn magueli & (196 3)7% U Reqouids
YRBa 11, 4—12,4— 3152 32
zia -~~f; 4—/(; % wb\{;i $)) Ao B3 B

:25\?‘"1‘»!:»;‘ k}]ﬁi%ﬁ-/})fL\ u!.}a« 3 r/ ‘,il /fk;&v/l l\‘\ v \‘\,{)

Vv o ARy c BRI L (= R T L VA8

G TR, )’z T Ags I G R LFUE © Bn [_,)@’1
I/ffwuc s { t%f; XA P?W VSR> ¢ B
4 ‘\'; R :T = UGN S S = T et (51 Gl (O N 2 2 (e

?m cVd [RIE RS Lﬂ]}f{ 34 { cHEZ R aTZ
7 )

y

’{ 3,_' N — e e 40

Q T Aw\ /\7“% J e LTS, 3 E Saaltield r7’[) 52/99 and
;f?Hahv\ N0 o U= oo L (ﬁf?jv‘f‘?é e ) = Hnerd, NI
%n CHh 1oy ﬂt xwmﬁ M‘W WEL o) o T Jé%ﬁl@%a%
U A o M BB 2 © r S S,
gz‘; B0 e 3 Eéﬁ}@,t;
1£7/ e lf,';;§ ARG LT TS RS A CHBaE b ) Iz

-
T

;' Ay \?"(




169
SRS A S BRI T 0B S e G L8 s T2,

A e JBE I RAB T Plslmma 7 RluedERilerd . %
Loy LT oA PImA, 23 v ATt T nB T coBESN
; . 071/{ RN e RS e K2 B /lwo\ DR CEE=A
"”‘Zﬁﬂ? 19 — o KA T ef L own Tt s, oh /O@Lﬁ?
ST RS BTN E trm%%ﬁééﬁ{y x);%/ B0 WA B,
477 AN A R AT/ AL I 5D, X0 (100 HE
B Ee CEERWSE e 92 < e «év‘) oH /->0<1F AT BT
AR AU 21D R D L il B, J)/ oA 70)?%%3\):} )
| ChiD ., BEG 2 19D Be 39 190 Ve ¥ VibwEZz GhF |
i Dol b QBB (a(Z) o b e Tk /37}7”(‘“’/‘
0% e &Y AR iR <A L, CRar B O, BRI A T S T
/, , Cof 72 EWAN R RS D = v pUE m,% TN = Wih
L e (2)4“’“ O° B A=t 3 FaniT . Ik TTd
{7 /),/«u b FrpE g Ted f%ﬁl/)/b\ A< !%7% 95 vz G4,
Do WBERS ord . Ho ITB3FY S 4 3E oL G2 TN IR
ERBA o o .’ T - 2 ANl == S =y, V| .Ma@ﬁﬂ
'7 )@C/} 3’}#;.3; 5t C¥l o b ') - 120° d [PV | Eﬁﬁ%ﬂszw DA
WA S YNGR NE AN R G S e B

S AL e RIS, BIE on 3?“) 2,5 04ar ﬁf/\ ) 3;;373‘* 1"; L (a
XT?%GW?‘F s ‘/fE{L U7 cll g M Frr U8 - f gLyu N g
£z 0 Lj\{;; R A e R BT oty vk < e SR  REEE
N JC/ A v o ZOIE Y 1) JU Y D o e ‘M“C

umar 4 ﬂ'mf‘” |




170

“fas e Q504 0 %qu#w (e &2

A

AT EI A LIRS 5 oo NN vy R e g
THL LS 55 Coon g ﬂ/‘fuﬂ 4 oA E ISR

ko § TR EE .

%ﬁﬁvacﬁ@

I L
) 2o LERR g e ()BT A T E%WU,WL}J
j) )3 (alZ)% o B A ¢ *#6§§@\3hs;ﬁwvz Hidh 51009 %.

COREE. e AU SN B R TR E 7 95 BE 0%,

e =
BEA) O TR AT MO 330 M2 = o TS A
AAUET t“ ( \%r DN Oy, t;;JJZr'WEVJ\ AT ';, (i‘r?ﬁll RNV it

W‘m f% X m/@%ﬁf o*/\ D ERIS UL AR S R
N R 7 N A o e 7N O '\fj? f’r’;’. ik e &

)% <mpmvwa@LA%WEéT&/f ER U o
[ary (/l;“‘”wﬂz“&mfca/r ER A ,f e 0@ 01
A IR RS v BRI s, ,
L o> D({%EE&)(/%I:JS\\\T\“} oL fi‘()\"é’?fj/f% ““““ %r 5 U wlmmfigd
éi'o"fﬂ RS oRLTER TS S U (R E el ) Hegh Ty
SSRGS T Y Jé .

(3) Y€ CRA-H VT RS b s L SRR TR ) |
N IR, (o RSN P }f?f_?’()f:' YN, oL AR iz oF
"ﬁ"?< T EAORRSEBIRTE S 9 e R 54, C’/\J

CEERS ANt FE N R t%ddiﬁ@ﬁjl 5@3 U5

f¢xw7@@mmﬁ%%gz%%ujzg ﬁ | “77,
“) - WA (o BT amm/mz‘/@m . Lumz%c,

CWLD Y EMCT I L, T ,ow{ R 45T 2T - BT Al
Rhga =37 ( (%b@%”®;3wﬂﬁ/-§ﬁ@ﬁ®6ﬁﬁ%




171

NS O — CEmT LS NS 2 i s v E

DAL AR CobI (1 E b o Sk )3 g 2
L\7) - (T=,

f/ “-rf

BH

(t;) O(F <> O(EA?VZ (&, B o Cf}ﬁim 51 o] 4N % G5 e T
Y RoRUT. RS v 2T s V2 s pRun e RS

WA X EHISAHIT U2, o Ca R 3oBi (e d 2% o, fefl
i ORI LR 2\2?537&&?«3 ¥ EZ Sh%,



- &4-5. | |
@aSi04 0BG of RSN T-Y

(* Regourd 8 (1363)7 lic\:%)

172

phase Y 8 d'L o'y o
| space orthorhombic | monoclinic [orthorhombic | orthorhombic. ‘hexagonal
| group Pbom P12y /nl P2jcn Pmen P63/mme
| type of olivine markedly slightly deformed domain
|structure deformed B-K250y, ' structure
:; ‘ B-K250y, :
| lattice’ | a=5.081(2)A| a=5.513(2)&| a=5.553(2)& | %a~5.5934 | a=5.5704
|constants | b=11.224(5) | b=6.763(1) b=9.339(2) b=9.535 c=7.150
= €=6.778(10) | ¢=9.321(2) | ¢=6.812(3)x3| ¢=6.860 .

B=94.55(1)°

| cell 2 346453 23 .33 le3
| volume - |  386.5A3 346 .44 353.3x3A 365.8% 3855354
|z 4 4 12 4 2
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composition synthesis condition phase ]Blaine
X in _ reheating detected (cmzlg)
(Cal_XBaX)QSiO4 temp. (°C)| time (hr) [temp.(°C)| time (m) cycle| by XRPD
0.0 1500 2 Y 3735
0.01 1500 2 Y 3745
0.03 1500 2 Y 3819
0.05 1500 2 Y —
0.05 1500 2 1000 3 4 a'>R 3722
0.075 1500 2 , Y —
0.075 1500 2 1000 3 3 af 3796
0.10 1500 2 of 3660
0.15 1500 2 otot 3765
0.20 . 1500 2 o 3831
0.30 1500 2 o 3690
. ‘ .
(B) (CaxSvx )2 5i 04 75|
composition synthesis condition phase Blaine
X in reheating detected (cmzlg)
(Cal_Xer)QSiO4 temp.(°C) | time(hr)| temp. (°C)| time(m)| cycle{by XRPD
0.0 1500 2 Y 3735
0.01 1500 2 Y 3784
0.03. 1500 2 Y 3815
0.05 1500 2 Y —
0.05 1500 2 1000 3 5 B>y 3708
0.075 1500 2 Y —
0.075 1500 2 1000 3 3 B>>y 3742
0.10 1500 2 Y —
0.10 1500 2 1000 3 3 of >>B 3714
0.15 1500 2 ol 3780
0.20 1500 2 a' 3996
0.30 1500 2 a' 3700

(C) PEME Rz RBRoBRIZE S F UL WETE

v composition synthesis condition |Blaine
temp(°C) | time(hr) (cmz/g)
Ca230‘01810‘9904 1500 2 3790
CagPq,0151g, 990, 1500 2 3730
CasCrp, 015810, 9904 1500 2 4290
CasVp,01510.9904 1500 2 3770
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S

&5-2.
Ca:5:04 o BHH, o FEEIRIE NI v KK
phase Y B a'lL o
type of olivine ‘deformed domain
structure B-K550, structure
coordination Ca(l) 6 10 10 10
numbers of Ca(2) 6 8 7 12/6
Ca atoms
2| mean bond cCa(l)-0 2.363 2,746 2.77 2.84
| length(R) ca(2)-0 2.398 2.500 2.47 2.96/2.30
= » Si -0 1.636 1.636 1.63 —
: bond valence Ca(l) 1.90 1.91 1.72 1.85
s=(R/R1).’N Ca(2) C1.77 1.93 1.79 1.31/2.19
- | connection of CaOx ,
_ | polyhedra by ’ no yes yes yes
: common faces
%. Ca-Ca distancegs ,
2| mean value(<4A) 3.75 3.58 3.40° -
.| heat liberation |
i (cal/g) ~~1.0 1.5~2.5 |2.0~4.5 3.5~6.5
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