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Bending strength of alumina coated with bioglass and soda lime glass and
the precipitation on the surface of coated alumina in PBS

Jae-Yang Yuu

Sarang dental laboratory

[Abstract]

Titanium and its alloys are widely used as dental implants materials because of their excellent mechanical
properties. However, the alumina and zirconia ceramics are preferred to use as the substitute of Ti implants because
there is a problems in esthetics and biocompatibility in Ti implant. The the glass infiltrated alumina ceramics are
studied to increase the toughness and biocompatibilty.

The 45S5 and soda-lime glass powder was mixed with ethanol at ratio of 1:1 and brushed on the surface of
alumina. Then it was heat treated in the electric furnace at 1400°C from 30 min. to 5 hours. The glass powder was
controlled from 200 to 350.m using ball milling. After heat treatment, the glass infiltrated specimen was tested in
universal testing machine to measure the bending strength. The surface microstructure of each specimen was
observed with SEM. The biocompatibility of 45S5 and soda-lime glass coated alumina was investigated using PBS
at 36.5°C incubator. The specimen was immersed in PBS for 3, 5, 7, 10 days. After that, the surface morphology
was investigated with SEM.

As the results of experiment, the 45S5 bioglass infiltrated alumina show the increase of bending strength
according to the increasing of heat treatment time from 30 min. to 5 hours at 1400°C Finally the 1370N bending
strength of alumina increased to 1958N at 5 hours heat treatment, which shows 1.4 times higher.

In contrast to this, the soda lime glass infiltrated alumina ceramics shows the convex curve according to heat
treatment time. Thus it shows maximum bending strength of 1820N at 1 hour heat treatment of 1400°C It gives
1.3 times higher. However, the bending strength of soda lime glass infiltrated alumina is decreasing with increasing
heat treatment time after 1 hour.

The precipitation on the surface of 45S5 glass infiltrated alumina was revealed as a sodium phosphate
(NasPsO246H-0) and the amount of precipitation is increasing with increasing of immersion time in PBS. In
contrast to this, there is no precipitation are observed on the surface of soda lime glass infiltrated alumina. This
implies that 45S5 glass infiltrated alumina brings more biocompatible when it is implanted in human body.
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Table 1. The chemical compositions of 45S5 bio glass and soda—lime glass(SL)

Si02 ALOs Na:0 Ca0 MeO P20s remarks

4585 46.1 24.5 269 2.6 mol %

SL 73 2 14 7 4 wt %
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Table 2. The grain sizes of as received alumina
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specimen 1 2 3 4 5 ave.
1 8.22 10.09 7.60 7.60 8.22 8.34
2 6.65 715 715 6.25 715 6.87
3 715 8.35 8.35 8.35 8.35 8.11

Total ave. 78

(1) Specimen 1

(2) specimen 2

Fig. 1. SEM microstructure of the surface of alumina

(3) specimen 3
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Table 3. Bending strength of 45S5 glass and SL glass coated alumina(N)
specimen 30min. 1 heur 2 heurs 5 heurs
4555 coating 1276 1080 1935 1959
SL coating 1021 1820 1619 1435
*Bending strength of pure alumina is 1370N
H30H M2% 20084 41
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Fig. 2. Bending strength changes with different heat
treatment time at 1400°C
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Fig. 3. SEM microstructure of 45S5 glass coated alumina
after 5 hours heat treatment at 1400°C
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(a) 4585 glass coating(30 min.)

(b) 4585 glass coating(1 hour)

Fig. 4. SEM microstructures of 4555 glass coated
alumina after heat treatment
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Fig. 5. SEM microstructure of SL glass coated alumina
after 30min. heat treatment at 1400°C
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Fig. 6. SEM microstructure of SL glass coated alumina
after 1 hour heat treatment at 1400°C
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(a) 4585 coated alumina(3 days PBS)

(b) 4555 coated alumina(5 days PBS)

(c) 4555 coated alumina(7 days PBS)

(d) 4585 coated alumina(10 days PBS)

Fig. 7. Precipitation on the surface of 45S5 glass coated
alumina, which was immersed in PBS for 3, 5, 7,
10 days
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(a) Soda lime glass coating(3 days PBS)

(b) Soda lime glass coating(5 days PBS)

(¢) Soda lime glass coating(7 days PBS)

(d) Soda lime glass coating(10 days PBS)

Fig. 8. Surface morphology of soda—lime glass coated
alumina, which was immersed in PBS for 3, 5, 7,
10 days
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Fig. 9. XRD pattern of 4535 coated alumina(10 days PBS)
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