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ABSTRACT

The glass formation and structural change wilth the glass compositions were investigated in the CaQ-P:0s-
510; system with less than 40 wt% of PsOs; The glass {ormation range was determined by XRD), SEM and
EDS techniques for water quenched specimens. The structural analyses were made for binary Ca0-S10; glasses
and ternary CaO-P:0s-5i0, glasses by using FT-IR and Raman spectroscopy. The glass formation was affected
by Ca0/5i0; mole ratio, P:0s content and primary crystalline phase. The stable glass formation range was
found when the transformed Ca0/Si0; mole rativ (new factor derived from structural changes) was in the
range of 072115 with less than 10 mol% of P,0s. The structural analyses of Ca(-510; glasses indicated
that as the Ca0/5i0; ratio was increased, (he nonbridging oxygens in the siructural unit of the glasses were
increased. With addition of P:(s to Ca(-5iCk glasses, the P»0: enhanced the polymerization of [Si0,] tetrahedra
unit in Ca0-5i0; glasses, which contained a large portion of nonbridgmg oxygen. The phosphale eliminated
nonbridging oxygens from silicate species, forcing polymerization of silicate structures and produced in [PQ,]
monamer in glasses. When added P.0; was kept constant, the slructural change with various Ca(}/Si0, ratio
was very similar to that of Ca(-5i0. plasses.
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Table 1. The Compositions of CaQ-P:05-5i0; Glasses

[mole%(wt%)]
Sample Ca0 Si0;  POs | CalySiO;
CS-T ALTEO)  58.3(60) | o
CS-9 467(45)  53.3(55) 0.88
CS-11 | 5L7(50)  48.3(50) 107
P2-10 | 48.1(45) 498(50)  2.1(5) 0.97
P2-11 | 506(47.5) 473475 215 107
P2-12 | 532(50) 447(45)  2.1(5) 119

P4-11 495(45)  46.2(45)  4.3(10) 107
P4-13 54.8(50)  40.940)  4.3(10) 134
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Table 2. Resuits of Glass Formation with Experimental Compositions and Phases m CaQ-F;0:-510; System

Appearance | Phase:

Devitrification

Opague ‘ 5

307085, 35C5P605, 40C16P45S, 45C25P30S S5*
50C25P255, 50C30P205, 50C35P158, 50C40P105 | C.P*

Cpaque or
Slone-like P
| C:S5(Nag) | 55C1BP305
Phase Separation !

350655, 40C5P55S, 40C10P50S, 45C15P40S,
45C20P355

Composition [wt%? Remark

Nag*
Si0s-rich Droplet

Metastable Glass | Transparent
Stable Glass

C:5(C8)
Transparent | CS

L

55C455, 55C5P408, 55CI0P355
A0C60S, 45C555, 45C5P50S, H0C50S, 50CEP4ES, |Bulk Specmien
50C10P405, 50C15P35S, 45C10P45S

CiP SOC20P308

Needs Quenching

Abbereviation: C=Cal, P=P,0s, 5=5i0);, CiP=3Ca0-Pa(0;, $o5=2CaQ- 510y, C8=Ca0- 8i0s, Mag=7Ca0-2510: P05

1: from Reterence 9 and 10, 2: hH0C10P40S represents 50 wi% CaC-10 wt% PaQs-40 with SiC.

*. Crystalline Phase by Devitrification
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Fig. 1. XRD patterns of water quenched CaO-P305-Si0;
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Fig. 4. FT-IR specira of Ca0-Si0; and CaO-Py0s-5i0,
glasses with constant CaQ/8i0, ratio (1.07).

o, 50C20P305 244 A% 3Ca0-P,07) 234¢l

Fell Sslglont 2P HYE 2ol E 2o
AR e §9E 27 B GAR f2) WAo] 4}
el Hew 4495,

dspes gAY 24 896048 Ca0PiO-SI07

FrElatedHe Fig 33l o] AE Wiz (eTA) 9=
& A 177 2Ae) AFEH, (1) e
del), (2) FulA)eiint g3 Ade) Flat 2mekay

o (
5°0), (3) bulk §#) A9 Az Fled 4 P90
deel 47 Beexw usd,

=]

o

o

3.2, Ralp=x

321 HS)A Py

(1) CEO-S]O;P”I‘I Tl'ﬁ

CaO-8i0x2 Fi-=lel] & He)y ~#=ehe Fig 49
o] 478~504, 745766, 860, 940, 998~—1024 cm"!
Ao FpdlE Jelfgdr) Cal/Si0=]7) 0.72(CS-
7), DBB(CS-9), LOV(CS-11) 2 =7)4kel] ale} 478 cm™?
2 S-0-5i FEAE Fo)y)l 2altel 504 em i o]

A 299 A9 E(1992)

Fehglen, 7665 1024 cm 2] 51-0-Si AT F
= #H#HF9 7458} 998 cm 2 Z]'Z]' o] £35kein}. o]
ghako] §i-0-% FEAEY 450 cm™! T = 147;
ol EEka, 5i-0-581 4521529 8055} 1110 cm™* &<
Mg o|Edhe AL Si0, feld oy w2 o
YR alstEe] Frld w A sks Aydq @it
o w|rhaakag fhrele [SioJAPE A ] S0 4l

AFR A8 Woem™ Fros 5 L Az A

P ak=lal, 860 cm ! 2o A= Faul#)
At} AR gl o] FepdiE C/SuIZL 0724
Ae EAER ehm, 0.884 4 FalA vEbhd & 107604

7ZhelAl AAlelele o2, 940 cm ') [SI0 AR A
X2} o ge NBOE 353 [Si0,]+ksa8 Si-0- 4
2% F}-:HT)y]. HHE Zlew AB;']-::]:}.

Arde 2 Ca0-8i0A #eolH Cale BES5A14
HEE2 AEEe C/5e)17F Sotete] o fel i W)
NBOZE Frlsled [(SiOJAEa Atmiie] Zape) Azl
HA =o AAHG Age] asActa P

(2) Ca0-Pa04-5i0.7) 5+

Cal-Ps0:-5i0,3 fr-efella] £/58]7) 1078 =% o
P05} 2.1(P2-11), 4.3(P4-11) mol% #715 7% Fig 4
o} 7] 495, G10~-620, 752~-762, 850, 930~940, 1024
~1034 cm ™t G FEAE ehlignh olE 2=
E#E PO HrREA W A9(CS119 Fpoe)
HlaEty, PO, Arlgh ohal Si-0-8 FeAEe &5
e 50404 495 cm = o] EElT, Si-0-Si Al&zlE
Epr] o T45E TE2omE, 9988 1034 cmlR o) E
dlglth NBOS 431 Si-0- 41&31% E560 £ 040
cm ™8] Fef s Sl o A7) iate) gloc), 860 em?
2 Fedls PO Frlel ulat rloksiAln) AndEdc).
Cal-510A4 freleld EAe=l 4y PO Funs
g7t 610 cm ™! Fel A g siglon, PO Al%4l3
Fafl= 960, 1030, 1120 cm™ ol £ & 4= 5] 01l o]
ZA sk 51-0-51 9 5107 AEAF Hpdigt M2 F
EEe gode] BoVFEnoh £ P0s-Si0A -5 ¢]
48] 50 AEzlE FLTMh Site] gul g
23 Fpols AR @it asER C/5u)A) o
A w Ak PO; Hrle [Si0JAbdAet Za
NBOZ zh2AA [Si0A e A Afazhke] dibe] &3]
Hell mbeb CaO-8i0:7) F2leir C/Sul7) izl A
o Al el FeE absiE Hoeg Az

Py07) 21 mol%® AAE o C/Se)7F 0.97(P2-10),
LO7(P2-11), 1.19(P2-12) & Zr}gbe] w2} Fig,. 59} 7¥o
488~-504, 620, 740~-762, 850, 930, 1024 cm ™! ol ool 4

oft O ool o

il

-733-



{Arbitrary Unit)

Transmittance

1 L 1

1000 am 500 Fi)
Wavenumbers (cm™')

Fig. 5. FT-IR spectra of Ca0-P,0s-35i0; glasses.
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Fig. 6. Raman spectra of Ca0-8i0; and CaO-P20:-Si0:
glasses wilh constant CaO/Si; ratio (1.07).

s o] P0s Akl w2 E W3E P07t [Si0]
AppA AEae] Aghe st U O/SHE A
Ca0-5i0,4 &2 B} /8722 272, Ca0-5i0;
A gele 4 C/SHlZE Taske WS-k FUR
Hald, P07 A% ) C/Swel whE TR
Ca0-8i07 f2lelale] As} Ao Fdsich

322 Raman 234

(1) Ca0-Si0g#] =

Ca0-5i0.A -f-2]ell oh3F Raman ~#A=g}l= Fig 67}
2ve] 600~635, 870, 970, 1033~1060 e~ dofel Tt
sl g go] A vehle Al mle)2EWe] EAls
eizi, C/S¥]7} 0.72(CS-7), 0.88(CS-9), 107(CS-1D=
Zh3tel et 5p0-81 FlAFPAE Felz= 60014
636 cm -7} o] Eatd e, 1709 wirtm i g PRI
S0~ AlEAE #le]3i= 1060414 1033 cm 2 o]F
3 A7% o4 shoulder® FEA s 270
NBOZ -89+ 970 cm 'o] Si-0” 45A%E Fel=s} 4
Aol NBOE shirgh 870 cm™'e] S-O° Al&%AlE o
= O/Su] 27l WE w o)Fe AY ddziet

EELEE



Ca0-P03-510:4 Frel8] 34 2 7=

970 cm™! Fo)=e] A7) k)= 870 cm ! o] =g
C EdR=IRE A E 2

AfH oz CaO-5i0.A Fale 4] C/5u] 27}l o=t
NBO#} Abets] Zrlsle] ghafal 44 &30 2ol A5
A3 menomer®] ET-zE HEEr] dFel 47
TE7} we] =&dA Heg «akgld

(2) CalP:0,-5i0:4 5=

Ca0-P.05-510.4) 8 5 C/SHjS 1075 3AHE
P20sE 2.1(P2-11), 4.3(P4-11) mol% 7§ 7ol
A% Raman ~#HEzl= Fig 63} el 420, 610~-617,
870, 950, 1050~1060 cm ™! dHol| A =o]=2E jeh)
ek FAE CSE AR POt 23R 2
CS-113} P2-11 2 P4-11 ~3eals ulwsisl PO 3
7lekel whe} 5i-0-5i g =B8] mle]=E 63544 610
em 2 o] &%, [S510,] monomer?] 870 cm™! Fo]=
A= skl 1718 NBOE 58 1060 cm g
Si-0-Si 41&3% dle)=E= C5-119 4= shoulder® &)
Si-0-5i AE3% Holas CS-11904%= shoulder®2 &
A algd ot P2-113 Pa-119)) 4] =je]z27} wbdals A7

Z7letedel. ozl 630 em™! o)=Y A DR e
015, 1060 cm™! )¢] =22 shouldere|x] #eolz3e] A
A w3 o]%, [Si0;] monomers) s)ApEE
Hel=zel i 52 frel7E Ve o] 2 S5i0S A
el AEle-2 el 249 NBOE 4
5i-0 A&ER e slvde 970em ! HelI3= PO, A
Fholl 2l =le]z 72 FHE s, 950eme]
A2 #e) =) AdElA AAkstedcl Nelson'™2 Na,O-
Si0:A Frelell 1.5 mol%2] P.0s7} H7bd 4% 950 cm ™!
o A= FAelZrl virhle, T ol4ke] P05 FHrbA
950 cm 2] Fe|2= sl A4TFEe S0 =]
o &8 970 cem™! Folza] A)7)F 7AEE= Zla
Farake] $50cm™! o)== [PO,] monomer g
P-O 2ls=dEe 218k zelal sladvk w3 Na0/S5i0,
w7k 173, 1291 HF5ell [PO,] dimer?} 4% PO,
ek 2b2) 25, mol% o]4le]m, Na,0/Si0uH) =1 141
ALole P 10 mol%#=] A7)El= [PO,] mono-
EAEt), Ng0-Ca0-Si0aA] £2e] POsE 16
wt%7 A 7 Aol R 970 em ! Fo| 2 Flislw
950 cm ™! #Mel=mZE Frtslger], ol [PO.] mono-
mere| % we|zety P B uslHcl B4 e
Ak o) 57 A UA]EEE 950 cm 19 =)o) == [PO,]
monomer 739 P-O 42305 23 #le)z, Lako]
P,0; H7bell 2l4) 950 cm ™ol P-O 415215
7 A7 EAEE olfE Raman Tlo)=s] A7 2

merdk

o] =7}

A 294 A9 E(1992)

(Arbitrary Unit)

Intensity

]

400 600 00 HOC 1200 1400

Wavenumbers (cm-')

Fig. 7. Raman specira of CaQ-P20:-3i0. glasses.
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