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shodch Ca0-Si0:A §=lellAle] EAwEE CaO Z7le| wE [Si0y] AlyaFae] siukell o2 #o|w, CaO—P205~
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gl W2 felTadise A9Est SR E HE A S s elRlch Zk g4 olF %}TGP‘
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ABSTRACT

Properties in terms of the variation of the glass compositions, which were density (p), molar volume (V,.},
atom/ion packing density (D), refractive index {np), transformation temperalure {T,), dilatometiric softening
paint (Ty), thermal expansion coefficient (o), Young's modulus (E), and knoop hardness (KHN) were investigated
m Ca0-5i0; glasses and Ca(-Py05-5i0; glasses containing less than 10 mole% of P05 Those properties were
measured by dengity measurement kit, Abbe refractometer, dilatometer, ultrasoruc pulse echo equpment, and
micro hardness tester. When Ca0 content was increased 1n CaO-Si0» glasses, p, Dy, np. Ty Ta a, E. and
KHN were increased, while V,, was decreased. When P.0; was added to the Ca(-5i(, glasses with constant
Ca0/3i0; ratio as 1.07, p. D, nn, T, T o, E, and KHN were decreased, while V, was increased. When
the amount of P,0s m glasses was kept constant, the changes of the properties with vanation of CaQ content
in the Ca0-Py0:-5i0; glasses were very similar to those of Ca0-Si0; glasses. These phenomena could be explai-
ned by the structural role of P:0; in the CaO-P.(0.-Si0: glasses, which was polvmerizahion of silicate struciures
and resulted m [P0,] monomer structure n glasses. Due to this siructural characteristics, Lhe bond strength
and packing density were changed with compositions. Proportional relationships between 1) np and D, 2) T,
Ty a and CaO conlent, 3} E and V', and 4) KHN and P.0; content were evaluated in this inveshgation.
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Table 1. Compositions of Ca0-5i0; Glasses and CaO-P;

2 Ao 4] AdEl caloum phosphosilicates] 2] gk
A Feiggadele] ol Fol fRlTAEES A%
=g A7 e7t ol A= o] Table 134 2te] 1059
Selzgd s Addsbdch Ca0-510:4 FelelA CaO=]
ol g} i‘]r Ca0-Ps0:-510;4 2o 4] Cal/Si0,¥]) 7} LOTE
P;0:3 53k P0s7} A% w) CaDe] <4k
o 7} AR FgEe @ T8 Ak

2t zAe galerel CaHPOy-2HLO, CaCl,, Si0LE
fEz AHsled fe) 100 71F BAE 23T F A
7 10mm 2T T4 g Eejeed £l o)
gyroblender2 2413} £t E3slgdvk 150 cc ¥ FE7}
el Eghel WAE P 1000THlA 147 ST,
1500~1600°C =il 4 2412F o} B4 2 BAT SHEF
zducd Agsidck 498 felAHe] £58 A
Aaz] glale] We)E FHTB0~T780C )M 2/
mind x4 F s 29 gAC W@ A
ul edvlsle] AlHE Azshdc

2.2, =3 A AHA
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#1200 SiC <dolAlz Ede] 4old 10:10X10 mm
Z7)e] Alsied] dla] olzFne M2l o4 U=
£ 7|(MettlerAl ME-40200)2 W=F A&l X
z8-oal g-bromonaphtalene®] %% 20T 3 f2%
Aol A Zhziel Algdel dis] 53] oA AT F
Hife] WEE Talgled, e SAPSE] £E
A5l +0003 olelch kel fdl 1%o) ek
8 18 FAWod 45 45g ofstd, ot
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0.-510, Glasses

Component [mole% (wi%)] Male Ratio
Sample a0 50, PO, ClaO Ca0 .
510 PO+ 510,
Cs-7 41.7{40} 58.3(60) 0.71 0.71
C5-9 46.7(45) 53.3(bb) (.89 (.89
CSs-11 51.7(50) 48.3(50) 1.07 1.07
F2-10 48.1(45) 49.8(50) 2.1(5) 0.96 0.93
pP2-11 50.6(47.5) 47.3(47.5) 2.105) 1.07 1.03
P2-12 53.2(50) 44,7(45) 21 1.19 114
P4-11 49.5(45) 46.2(45) 43010y 1.07 0.98
F4-13 54.8(50) 40.9(40) 43010 1.34 1.21
P7-15 56.4(50) 36.9(35) 6.7(15) 1.53 1.30
P9-18 58.2(50) 32.6(30) 9.2(20) 1.79 1.39
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Fig. 1. Density with Ca0 comtent in Ca0O-5i0; glasses

and Ca0-P.0s-5i0, glasses (0 0, a; 2.1, W; 4.3,
<; 6.7, ¥; 92 mole% of P.Os respectively, --;
constanl CaO/Si0; ratio).
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Fig. 2. Molar volume with a0 content in Ca(-510,
glasses and Ca(Q-Py05-5i0y glasses (D5 0, &; 2.1,
m; 43, C; 6.7, ¥; 22 mole% of P.0; respecti-
vely, --+; constant CaQ/Si0;).
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Fig. 3. Atom/ion packing density with Ca0 content in
Ca0-5i0; glasses and CaQ-Py05-510, glasses (O;
0, a; 21, m: 43, O; 6.7, ¥; 9.2 mole%® of Py0s
respectively, --; constanl Ca(/5i04).
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Fig. 4. Refractive index with Ca0 content in Ca0-510,

glasses and CaO-F:05-5i0; glasses (0 0, a; 2.1,
m; 4.3, O; 8.7, ¥; 9.2 mole% of PyOs respecti-
vely, ---; conslant CaQ/Si0s).
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Fig. 5. Relationship belween refractive index and

atom/ion packing density for CaQ-51(; glasses
and Ca0-Px(J:-Si0; glasses (O; 0, &; 2.1, W; 4.3,
J; 67. ¥, 9.2mole% of P20y respectively).
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Fig. 6. Transformation temperature (T,) and dilatomet-
ric softening poiml (Ty) with Ca0O content in
Ca0-5iQ; glasses and Ca0-Py05-5i0; glasses (O
0 A 21 n; 43 O 67 v; 9.2 mole% of P':Oq
respectively).
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Fig. 7. Thermal expansion coefficient with Ca0 content
n £a0-5i0; glasses and Ca0-P20s-Si0:; glasses
(O D, &; 21, m; 43, ©; 6.7, v; 9.2 mole% of
P:0: respectively).
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Fig. 8. Thermal expansion coefficient with P05 content
in CaO-Py0:-Si0; glasses at constant CaQ/Si0;
ralio (v; measured value, J; this work, A; Ap-
pen's work).
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Table 2. Calculation Factors of Each Componenl and Observed Values and Calculated Values for Thermal Expan-
sion Coefticient in Ca0-5i0y Glasses and Ca0-P:0s-S10; Glasses
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[=1077%¢ ] P2-12 1013 101.38 29.08
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