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Glass Formation and Dissolution Characteristics of Ky;0-Ca0O-Si0,-P,05
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Abstract The glass-forming conditions are investigated in the KyO-CaO-SiOy-PyO5 system with 10~65 mole%
of P;0;5. Thermal properties and dissolution properties were investigated according to variation of the SiO and
K O contents in selected compositions. The glass formation condition was determined when K;O/P;05 mole
ratio 0~0.24, SiOy/(Si02+P>05) mole ratio 0~0.29, and CaO/P;05 mole ratio 0~1.00. In the result of the thermal
properties, the glass transition temperature(T,) and softening temperature(Ts) were gradually shifted to the
lower temperature range with increase of KoO contents. The maximum value of the chemical durability was
shown in K;0/P,05 mole ratio 0.17 when the SiQ, contents were changed, and K,O was fixed at 10 mole%.
Hence the change of the K;O/P>O5 mole ratio was found that a new main factor of the chemical durability.
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KZO-CaO'SiOZ-PZO5e SH-oF tpekst 24eA o

FE T 7 de 7o B =49 2AE A
Sﬂ £G79 Fo -JEH el fejst HeZh B 9
K,0-CaO-P,0s Al &3t ¥4 5 (50~70) mole%
P,0s e WEIA Astee] AUHE WAz A6

ok AR B8l e P05 §FS Smole% ¥ SiO,

2 A% Yrste] {8 34 ARE st A E
249 HYE mole®E 7IESZ 3 (5~30)K,0-
(15~45)Ca0 + (5~50)Si0, + (10~65)P,0s A TH.

U ERE

15 A%l CaCO;(Yakuri pure
chemicals, 99.0%), H;PO4(Daejung chemicals and
metals, 85%), K,COj;(Junsei chemical, 99.5%),

Si0,(Junsei chemical. 99.7%)Z A&3t3i ).
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Table 1. Glass Formation of Experimental Compositions. (mole%)

Samples

K

C

S

P C/P K/P S/S+P

(m

AR.
p-, °C)

Samples

C

S

P

C/P

K/P S/S+P

AR.
(m.p., °C)

5K5S-70
10K5S-70
15K5S-70
10K10S-70
10K15S-70
10K208-70
5K55-60
10K5S-60
5K108-60
10K10S-60
5K15S-60
10K15S-60
10K20S-60
10K40S-60

5

10
15
10
10
10
5

10
5

10
5

10
10
10

25
20
15
20
20
20
35
30
35
30
35
30
30
30

10

20

10
10
15
15
20
40

65
65
65
60
55
50
55
55
50
50
45
45
40
20

0.38
0.31
0.23
0.33
0.36
0.40
0.64
0.55
0.70
0.60
0.78
0.67
0.75
1.50

0.08
0.15
0.23
0.17
0.18
0.20
0.09
0.18
0.10
0.20
0.11
0.22
0.25
0.50

0.07
0.07
0.07
0.14
0.21
0.29
0.08
0.08
0.17
0.17
0.25
0.25
0.33
0.67

G(1100)
G(1200)
G(1150)
G(1100)
G(1200)
G(1250)
G(1350)
G(1250)
G(1300)
G(1250)
G(1300)
G(1350)
0(1450)
0(1450)

5K58-50

10K58-50
5K10S-50
10K10S-50
20K10S-50
30K10S-50
10K20S8-50
20K20S-50
30K20S-50
10K30S-50
20K308-50
30K308-50
10K40S-50
20K40S-50

10
5
10
20
30
10
20
30
10
20
30
10
20

45
40
45
40
30
20
40
30
20
40
30
20
40
30

5
5
10
10
10
10
20
20
20
30
30
30
40
40

45
45
40
40
40
40
30
30
30
20
20
20
10
10

1.00
0.89
1.13
1.00
0.75
0.50
1.33
1.00
0.67
2.00
1.50
1.00
4.00
3.00

0.11
0.22
0.13
0.25
0.50
0.75
0.33
0.67
1.00
0.50
1.00
1.50
1.00
2.00

0.10
0.10
0.20
0.20
0.20
0.20
0.40
0.40
0.40
0.60
0.60
0.60
0.80
0.80

G(1300)
G(1250)
0(1450)
0(1300)
0(1350)
0(1250)
0(1550)
0(1550)
0(1450)
D(1550)
D(1550)
D(1550)
N.M.(1550)
D(1400)

10K50S-60 10 30 50 10 3.00 1.00

0.83 N.M.(1550) 30K40S-50

30 20 40 10 200 3.00 0.80 D(1300)

(Note) K= Kzo, C= CaO, S= SiOZ, P= PZOS, C/P =CaO/P205, K/P= KzO/PzOS, S/(S+P) = SiOQ/(Si02+P205), AR.= Appearance.

G =Glass, O=0paque, Devit.=Devitrification, N.M.=Non-melt,
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Table 2] VFERSATH

fr2l 84 =712 Table 29 YERA B2} 220] mole%
2 71222 K,0/P,057t 0~0.24, SiO,/(SiO+P,05)7}
0~0.29% EAlo) W33, CaO/P,057F 0~1.00d w <t
A3 Bgge e Az 4+ AN 183, K,0P,057F
0245 %739, CaO/P,0s7} 0.50~1.00¢ w9t K,0/
P,0s 7} 0.25~1.00, Si0,/(Si0,+P,05)7} 0.30~0.67,

Table 2. Condition of Glass Formation.

K/P S/(S+P) C/P Appearance
(mole%) (mole%) (mole%)
T.G.

0.08~0.24 0.07~0.29 0.23~1.00 (P,05>40mole%)

D.A 0.50~1.00 Opaque Glass

D.A D.A 1.00~2.00 Devitrification

D.A D.A > 3.00 Non-melt
0.25~1.00  0.30~0.67 0.67~1.50 Opaque Glass

(Note) K/P=K,0, S/(S+P)=S8i0,/(5i0,+P,0s), C/P=CaO/P,0s,
T.G.=Transparent Glass, D.A : Disagreement.

CaO/P,057} 0.67~1.50¢ wl opaque’t A= Ach.

K,O/P,057}F 0.24, Si0,/(Si0,+P,05)7t 0298 % 3}3}
®, CaO/P,0s7} 1.00~2.000)" AE7} =0, K,0/
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Table 3. Experimental Glass Compositions for Physical
Properties and Chemical Properties Analysis.

Composition(mole%)
Sample Name -
KO CaO P,Os Si0,
10K0S-70 10 20 70 0
10K20S-70 10 20 50 20
10K15S-70 10 20 55 15
10K10S-70 10 20 60 10
10K5S-70 10 20 65
15K55-70 15 15 65
5K5S-70 5 25 65

Atk A" 2AH K,0-CaO-P,05 A3 EA <o B
2 98] 10K,0-20Ca0-70P,0s £AS Hlw 2A4o0= A
xg—s}gau} AAE AL Table 39 Jehhlon, 458
= Si0,, K,0 &% ¥stl| ©E ¥ws A8
o] Figs. 12°ﬂ UERH AT
OEE];Q' E}‘é %51‘\__ Si0,, P,0s ?3]'&0] ?_:];(-181- ILH K,O
F Z7e wet fEHoler, dsere HHAoR
715\_3}}‘5 7)1% :gll ]tﬂ— 2= gloaou:] o) =} ﬁ]*t =7}
stsich. olgist 54 Wshe 2484 47 Qi
oA gzl FF ZF7l wEt P05 WEY slSd
(depolymerization)l] ¢ & A& FZ(chain structure)®]
F7H2 Qs B4 wWste] A & X3 k. &
FEHA AsEQ] S0 dF dAF XFHEYG S
g 7 FA sk FoR P08 Lzte] - 47
EF 2% AR Aol 954 sl sk A
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golals} zaq»} ZEde vlgldelx] ¢em, Sio,
go| FUIETE gl Zo] FlES AT - 9l
FTLRZO o]5L P,0s7} Si0E A HrtE o]
P,0s9] ol #A3tHAl B sh= H7tastAe] 7hao
ojgh Jgoz A7ZtEM, Si0, T Fvtel wet s}
Z9] 317} dojye RS Takahashi et al.'Ve) 2]3)
HAE Si0,-P,0:4 FelolAM AMEHE Si-0-P A3
th= Ryerson et al.'?¢] ¥ oAl 7ho] wmpR4mal oF
o]l & Fztgo] vl & P05 540 7]l
218 H7HE Sio = &5 AR POs7 FA7HE A
< e 7o] [Si04) AFAA Y F35} o] FofA] Si-O-
P Z¢ETE Si-O-M-O-P e Afo] $AT R
2 gdrh. F Sio, FFe Uk wet JuEes
ZF7Fhk= K,0/P,05 Bloll o8k Alkstze] Zojzhaol 9
3 [PO4] AFHAS] THekA) (monomer) B8 ©] #:4 (dimer)
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Fig. 1. Thermal properties of 10K,0 - 20Ca0O * (xSiO; * (70-x)
P,O5 glasses.
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Fig. 2. Thermal properties of xK,0 - (30-x)CaO - 5Si0,
*65P,0; glasses.

ol ofsf EHEAH L FEEH, Si0, H7rgel S
2 K,0/P,05 Y9 =7t 9§ AlE FZ(Chain
structure)?] Zo] AR AAEE [PO,] @A W o]
FA ) o3t BHEALY WHIE F3Ut dojus Je=
Azt

3.3. 854
33.1. FAZ% 4 pH ¥3}
MR8 77H] 24 digk FARE 2 pH HEks
Figs. 3~6 WeERASATE Fig. 4, 6014 eF 7o) bl
s %7}01] rﬂre stebd Wpadel el o) FAEA
g2 pH Wsl7t AHdZ o2 F43) Walshe A
& 4 ok 28y Flg 3, 594 UEpd ot
Si0, 9] f%%kt&i}oﬂ 2 ZAEN 2 pH W3l
< 810294 $hakol 0, 5, 10, 15, 20 mole%® W

0>2o>5>15>104 ke e gL



70 HE9 - H9 -

54
-0 10K0S-70 )
--0--- 10K5S-70 L
4] | & 10K108-70 -
—— 10K158-70 e
—<-- 10K20S-70 y
X 31
[24 '// B
8 /."/ ’/O .................. O
z 27 o
s Py
6 /,/' L
2 1 e
4 ,::g/,.,
0  &fiS—mmnes B
T T T .

T T T T T 1 ' 1 T
20 0 20 40 60 80 100 120 140 160 180
Dissolution time(hours)

Fig. 3. Weight loss versus dissolution time of 10KxS-70
glasses.(x : 0~20 mole%)
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Fig. 4. Weight loss versus dissolution time of xK5S-70
glasses.(x: 5~15 mole%)
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Fig. 5. Change of pH versus dissolution time of 10KxS-70
glasses.(x: 0~20 mole%)
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Fig. 6. Change of pH versus dissolution time of xK5S-70
glasses.(x: 5~15 mole%)

A BAe] Wstge] E3lEE AE F2AA St
7108 Ao R &g Zn o] 3ty YA &=
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ZtE)ojx ™ | Si0, $FEFo] 10 mole% 7HE WETZI}F A
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44l K,0P,059 vlI7F 0.179 o 38k 74
A7t 82 sk

332 82% ¥ £24F Ut

A 249 Si0, FFH AZE ] U &R
I &3 FS Hrkstr] Y3 ICP-MS $H S AAs9 e
o, 22 A= Table 49 YeRHAT & |
7} AZ %27] K, P9 o]Lo] A=
TE Ca, SVt AR HAEHE AE
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Table 4. Dissolution Amount.

Dissolution Amount (mg/L)

Samples  Hour

K Ca Si P

1h 0.99 0.00 0.00 2.69

6h 3.49 2.13 0.00 18.13

12h 7.53 7.18 0.00 41.00

I?I;(?S Iday 13.89 15.02 0.00 76.36
3day 43.40 54.80 0.00 243.82

Sday 77.00 93.43 0.00 436.18

Tday 91.40 111.18 0.00 545.62

1h 0.74 0.00 0.00 1.84

6h 2.34 0.76 0.91 9.87

12h 6.30 5.96 3.86 2740

IOE%OS 1day 12.20 13.57 8.18 52.70
3day 43.69 56.23 31.46 196.04

Sday 64.00 76.89  46.31 280.25

7day 93.26 115.60  69.65 418.17

1h 0.20 0.00 0.00 0.70

6h 044 0.00 0.00 0.79

12h 0.52 0.00 0.00 1.07

105})55 1day 0.93 0.00 0.00 2.30
3day 2.02 0.04 0.14 7.78

Sday 4.20 1.76 0.61 11.78

7day 5.08 2.95 0.99 17.47

1h 0.52 0.00 0.00 0.22

6h 0.55 0.00 0.00 0.36

12h 0.78 0.00 0.00 048

IO_I%)OS lday 0.98 0.00 0.00 0.95
3day 1.04 000  0.00 2.65

Sday 2.80 0.00 0.00 4.99

7day 2.40 0.50 0.00 6.90

lh 0.54 0.00 0.00 0.36

6h 0.65 0.00 0.00 1.12

12h 0.67 0.00 0.00 2.26

191;38 1day 0.93 0.00 0.00 4.07
3day 2.90 1.50 0.00 13.92

Sday 5.68 4.57 0.00 32.85

Tday 6.59 7.07 0.44 38.52
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o elsl BeYSIZ BEL) [PO,] AFAA7 FEAFe

H, OH °|&2% %01—2—04 BEL] 57t °‘<>M H4 C
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[Si0,] AFAA] F3el 23 Si-0-Si 2%} Si-0-Ca-O-P
AN AFshe Si-0 AFe] HH| = Ho duk
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Fig. 7. Change of extracted P ion amount with dissolution time
of 10KxS-70 glasses. (x: 0~20 mole%)
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Fig. 8. Change of extracted Ca ion amount with dissolution
time of 10KxS-70 glasses.(x: 0~20 mole%)
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