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Abstract
This project 15 aimed at producing  calcium
phosphate  glass  ceramic  for  bone  substituting

applications. Effects of caleium content on the thermal
parameters, physical properties, phase formation and
microstructures Eit‘ P,0-Ca)-Na,O glass ceramics were
studied. Three glass 3&mpmitinm of tixed P.0Os content
{as shown in Fig.1) were prepared by conventional melt
quenching method at 1200 °C. Thermal parameters of
cach glass were studied by ditterential thermal analysis
iDTA). The glass powder was pressed into pellets and
subsequently sintered at 550, 600 and 650 “C. After that,
the density of the glass ceramic samples was measured
by Archimedes’s method. Phase investigation and micro
structural study were performed by XRD and SEM,
respectively. The DTA traces provided heat treamment
conditions In a range of 300-630°C. XRD results
revealed that [-Cal,0, CaPyOp and NalPO; were

formed in the glass ceramics.

Keywards: Calcium phosphate; Glass ceramic; bone

substituting

50 7%

F O {mahs)
Fig. 1. Ternary phase disgram of PO-CaO-Ng, O glass

svstem.
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1. Introduction

Caleium phosphate glasses have 2 potential use as bone
substituting applications, because ol their chemical
composition is closely similer to that ot natural bone.
They have bioresorbable property enable this glass to be
dissolved in physical thids. The implant glass can be
slowly replaced by regencrate tissue and have good
biocompatibility and non twxicity  [1-2]. Caleium
phosphate glasses from a ternary P,0O,-Ca0O-Na,O have
been also studied by Uo et al. [3] Thev reported the
properties and cytotoxicity of water soluble. Ahmed et al.
[4-5] also stdied about characterization of this glass
and found the suitable composition of Pi0)s more than
40 mol%, where the thermal parameters decreased with
increasing Cal) content and these glasses can dissolve in
water. The good range of glasses was also found at 45
mol% of P05 content. [t was easily melted and had
good biocompatibilitv.  Moreover it possessed  low
melting point, low glass transition, low softening point,
low crystallization temperature and consequently low
processing temperature [6]. In this project, effects of
calcium content on the thermal parameters, physical
properties, phase investigation and microstructure of
PyOs-Ca-Na, O glasses and glass ceramics with fixed
amount of 43% P203 and various ratios of Ca(:N220

were investigated.

1. Experimental procedures and method

2.1 Glass melting

The calcium phosphate slasses were prepared using
(NH3):HPOy, CaCO; and NepCO; in three compositions
of 43P,0,-32Ca0-23N,0, 43P,0,-360C20-198N3,0 and

45P,0:-40Ca0-15Na,0 as shown in Fig.l. The glasses



were prepared by conventional melt quenching method
at melting temperature of 1200°C for | hour in alumina
crucible and glass melts were quenched between
stainless steel plates at room temperature. The phosphate
alass powders were prepared by milling machine and
this powder were studied by differential thermal analvsis

(DTA) using ALO; s reference.

2.2 Glass ceramic preparation

The powders were pressed into pellets of 13 mm n
diameter and 1 gram in weight and were subseguently
sintered at 300-630°C for 2 hours. The density of glass
ceramics was measured via Archimedes’s method using
ethyl-aleohol as a mt:dium because this glass svstem can
be dissolved in water. Phase  formation  and
microstructures of the resulting slass ceramics were
mvestigated by Neray diffraction (XRD} and scanning

electron microscopy (SEMI, respectivelv.

3. Results and discussion

Calcium sodium phosphate slasses and glass ceramics
sintered at different temperatures are shown in Fig. 2.
All glasses are wansparent while all glass ceramics are

opague having white in color.

Fig.2. Glasses and glass ceramics from Py0s-CaO-Na,O

svstem sintered at 330-650°C.
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Fig. 3. DTA traces of PyO«-CaO-NayO) lasses.
DTA traces in Fig 3 reveals thut these olasses have low
glass transition temperature and low  crvstallization
temperature. Crystallization temperatures were tound in

a range of 330-650°C depending on each composition.
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Fig. 4. Density of Po0w-CaO-Nay) ulass ceramics at

dilterent sintering temperatures.

The relationships  between  density and  sintering
temperature  of the glass ceramic with  different
compositions are graphically llustrazed in Fig. 4. It can
be scen the trends of the glass ceramics with 32 and 36
mol*aCa0) are similar while that of the glass ceramic
with 40 mol?aCa0) exhibits differently. For the glass
ceramic with lower Ca0) content (32 and 36 molPa), the
density decreases with increasing sintering temperature.
This implies that the crvstallization processes of these
glasses at the temperature between 550-600°C, involves
the mass transport of many atoms for formation of
crystal phase, leaving muny free volumes and pores in

the glass matrix, thus caused the reduction in bulk

414



density of the sintered pieces. While the glass ceramics
with 40 mol%CaO content, has a higher range of

crystallization  temperatures  between  606-630°C,

therefore at 600°C the sintering process had no effect
from crystallization, giving rise to the proper
mechanism in densification of the sintered piece with
the highest value of density. Further increase of sintering
temperature to 650°C then minimized the density value

of the glass ceramics as a result of crystallization.
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Fig. 5. XRD patterns of P,04-CaQ-Ng,O glass ceranics
sintered at 630 °C.
XRD patterns of the glass ceramics sintered at 630 “C
confirmed the existence of two calcium phosphate
phases of [-CayP20« (JOPDS file No. 03-00604),
Cal, O, JCPDS file No. 70-2083) and one sodium
phosphate phase of  NaPO; (JCPDS file No. 11-0630}.
These phases were found to increase when increasing
(20 content which make these glass ceramics suitable

in bioresorbable applications.

5. Conclusion

Glasses and  glass ceramics  trom Py0Os-Ca0-NaxO)
svstem were  successtully  produced. DTA  analvsis
revealed that these glasses have low glass transition
temperature, crystallization terépemzmc and melting
temperature due to the high content of POy which acts
as o good ulass former in the glass structure. Phase

wdentification study revealed the tformation of §-CaaPsOs,

417

CaP4On and NaPO; phases which play an imporant
part i controlling the ceramic and  bioresorbable

properties of these glass coramics.
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