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Abstract

The sintering and the crystallisation behaviour of a glass in the CaQ-Bi@D—R0Os system were studied by considering,Bg as the

nucleant agent. The addition of 5.0 wt.%,Bg to the glass produces a sinterable glass-ceramic, with high relative density and mechanical
strength. The glass-ceramic contains apatite, whitlockite and diopside phases at low temperatures and, in addition, wollastonite at high
temperatures. The above-mentioned glass-ceramic has moderate machinability without onset of fracture.

© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction SiO,—P,0s was investigated by differential thermal analysis
(DTA), X-ray diffraction (XRD), and measurement of linear
There are a limited number of compositions of glasses, shrinkage. The machinability of these glass-ceramics was
glass-ceramics, and other polycrystalline materials that evaluated by naked eye observation after material removal.
bond to bone and, are therefore, considered to be bioactive
materials. Glass-ceramics show an ability to form strong
chemical bonds with living bone as well as to achieve high 2. Experimental procedure
mechanical strength. These glass-ceramics should be use-
ful for prosthetic applications in a number of load-bearing 2-1. Glass preparation
situationst Kokubo et al%3 found that some glass-ceramics . .
in the system MgO-CaO-SiOP,05 (AW glass-ceramics) Glgsses were prepar'ed by fusing reagent-grade chemi-
can form a tight chemical bond with bones and have a fairly €&lS in a platinum crucible. The glasses were melted and
high mechanical strength. Shyu and 9 have studied maintained at 1430C in an electric fgrnace fqr _1h. The
the crystallisation of one such glass-ceramic, that being Molten glasses were then quenched in cold distilled water.
based on the eutectic in the system MgO—CaO>SFe0s. The chemical composition of the glasses are displayed in
Liu and Chod studied another composition in the same 1able 1
system, but with a composition different from that of the
A-W glass-ceramic. This had a superior strength and frac- 2.2. Methods of analysis
ture toughness when compared to the A-W material. The
Crysta”isa’[ion of T|Q-d0ped g|ass-ceramics in the same The frits obtained were ground in an electric hard porce-
system has also been investigated by some auttfors. lain mortar for 3h and then ball-milled for 5h, in aque-
In the present work, the sinterability and crystallisation 0ous media. The particle size measurements of the powdered
of FexOs-doped glass-ceramics in the system MgO-CaO- glasses were carried out by a laser particle size analyser
(Fritsch, Analysette 22). The crystallisation temperature of
the glasses was determined by simultaneous thermal analy-
* Corresponding author. sis (STA) (Polymer Laboratories, model 1640) using 6 mg
E-mail address: info@dr-alizadeh.com (P. Alizadeh). of glass powders in a platinum crucible in an air atmosphere
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Table 1 Table 2

Chemical composition (wt.%) of glasses The first crystallisation peak temperatures of glasses

Glass CaO SiQ MgO P05 FeO3 Glass Tp (°C)
1 47.50 30.50 4.50 17.00 0.50 1 875

2 46.79 30.04 4.43 16.74 2.00 2 883

3 46.07 29.58 4.36 16.49 3.50 3 885

4 45.35 29.12 4.30 16.23 5.00 4 912

with a heating rate of 20C min~L. The glass powders were  been investigate¥1® While there are many reports which
mixed with 7 wt.% methyl cellulose and cold-pressed using refer to the effect of glass particle size on its sinterability,
a laboratory uniaxial hydraulic press into 10 mm2 mm Eftekhari Yekta and Marghussi&indescribed that there is
disks at pressure of 65 MPa. also a threshold mean particle size7(um) for the glass
The sinterability of the glasses was investigated by sin- powders above which the sinterability decreased rapidly.
tering them for 240 min at the 700, 775, 850, 925, 1000, Therefore, the mean particle size of nearly all glass powders
1075 and 1130C with a heating rate of 20C min~! in an at the present work, was adapted about?2 Fig. 1 depicts
electric furnace. The crystalline phases precipitated during the particle size distribution of glass 1 powder.
sintering were identified by XRD (Siemens, model D-500).  Fig. 2 shows the DTA traces of the above-mentioned
The bulk density of the sintered glass-ceramics was deter-glasses containing different amounts op©g as nucleating
mined by the Archimedes method. The powder density of agent, their first crystallisation peak temperatures have been
the glass-ceramics was measured by gas pycnometer (Mi-summarised infable 2 It can then be elucidated that the

cromeritics, model AccuPyc 1330). gradual addition of FgO3 to the base glass, up to 3.5wt.%,
For bending strength tests, rectangular bars with dimen- shifts the crystallisation peak to lower temperature but more
sions of 49 mm x 4.5 mm x 60 mm were cold-pressed. addition of FeOs shifts it to higher temperature. This be-

Bending strength values were determined by three point haviour indicates that the nucleation ability of crystalline
loading method, using an Instron universal testing machine, phases improve by addition of #@3. Fig. 3depicts the vari-
model 1196. For each sample, six measurements were madation of linear shrinkage of compacted glass powder with
in the air. temperature. It can be seen that addition ofB=up to

3.5wt.%, as respected, leads to reduction of sinterability,

may be due to decreasing of viscous flow of glass. How-
3. Results and discussion ever, by more addition of E®3, i.e. 5wt.%, the densifica-

tion trend changes adversely and the sinterability improves.

The effect of glass powder particle size on the sinter- It seems that small amount of & acts as a nucleant agent
ing behaviour of various glasses and glass-ceramics haven glass but its more addition will act as a flux.
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Fig. 1. Particle size distribution of glass powder number 1.
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Fig. 2. DTA traces of glasses (heating rate°@imin—1).
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Fig. 3. Variation of linear shrinkage of glasses with firing temperature.
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With comparison of sintering results and crystallisation through viscous flow of the residual glass and crystallisation

peak temperature of each glass, it can be concluded thatis proceeded to viscous flow of glass.
the maximum temperature, which leads to full density, is

As discussed before hand, the most sinterability was ob-

always more than crystallisation peak temperature of the served in glass containing 5wt.% J&s3, which its rela-
glasses. This indicates that complete densification occurredtive density variation with temperature has been shown in
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Fig. 4. Variation of relative density of glass number 4 with firing temperature.
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Fig. 5. XRD analysis of glass number 4 heat treated at different temperatures.

Fig. 4. It is observed that the optimum sintering tempera- precipitated in glasses, fired at low temperatures. However,
ture of this specimen was about 10@ It seems that re-  increasing the firing temperature causes the reduction of ap-
duction of the linear shrinkage after 1000 is somewhat  atite and whitlockite phases, and enhancement of wollas-
related to the bloating of the glass-ceramic, probably due to tonite and diopside.

reduction of FgO3 to FeO, and escape of oxygen from the Fig. 6 shows the variation of bending strength of the

body. glass-ceramic contains 5wt.% &, with firing tempera-
The crystalline phases precipitated with temperature in ture. The bending strength of specimen increases continu-
glass containing 5wt.% E©s3, have been shown iRig. 5. ously even beyond to the optimum sintering temperature,

It can be seen that apatite, whitlockite and diopside arei.e. 1000°C, which is compatible with the positive effect of
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Fig. 6. Variation of bending strength of glasses number 4 with firing temperature.
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wollastonite and diopside phases on mechanical strength ofReferences

glass-ceramic¥?

The machinability of the glass-ceramics sintered at 1000 1. Chu, J. I., Park, H. C., Sorrell, C. @t al., Crystallisation of TiQ-

and 1130C, was examined by a conventional 2 mm drill at

a specified drilling rate. Although the machinability of the

two specimens were satisfactory, it seems that the machin-

ability of the specimen sintered at 100D, inspite of its

less porosity, was more convenient than another one. This 3.
different behaviour of specimens could arise from their mi-

crohardness differences.

The mean micro-hardness of samples fired at 1000 and 4

1130°C were 366 and 573kg N mm, respectively. The
higher hardness of specimens which fired at 1’k30is at-

tributed to substitution of apatite and whitlockite by harder

diopside and wollastonite phas¥s.

4. Conclusions

1. The bending strength of the sintered glass-ceramics in-
creases with temperature by increasing of wollastonite

and diopside amounts.

2. Addition of FeOs as nucleant agent showed different
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while utilisation of 5 wt.% FgOs shifts the crystallisation

peak to higher temperature and improves the sinterabi- 11.

lity.
3. The machinability of glass-ceramics sintered at 1@D0
was more convenient than sintering at 1280 This was

attributed to substitution of apatite and whitlockite by

harder phases, i.e. diopside and wollastonite.
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