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Abstract ]]

The present work aimed at investigating the uséatl,Os) particulates in micro and
nano scale; with the addition of soda-lime recyajtatss powders to modify its sintering
behaviors through following the role of the coupldde added like (NiDs-TiO,) at
different low concentration like 0.25 weight%, 8%, 0.75 wt% and 1 wt%. The effect
of alumina content on the ability to sinter at tielly low temperature was conducted for
a series of AlO;-glass composite samples having different conceots of alumina,
glass and additive couple oxides. The samples weeared using ceramic technology
route. Alumina weight was varied and takes the emlB3wt %,33.5wt %, 44wt %, and
54.5wt % to which the oxide couple p-TiO, was added and the samples were then
denoted ASLG-NT. For all the prepared composite pasunder study the sintering
temperature was varied from 800°C to 900°C at p efe25°Cwith a holding time of 2
hours at each temperature. The results showed dkasintering temperature, and the
couple oxides content increased together with #wehse in alumina content a relative
density value of 98% was obtained. The Vickers ailtardness measurements exhibited
a value up to 42 GPa. Phase analysis conducted ¥8D technique and microstructure
analysis using SEM-technique revealed the developmiea novel phase of needle-like
grains starting from the surface towards the butkctv was of continues glass matrix in
which the rest phase existed.
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1. Introduction

Ceramic materials, mainly composed of metallic andmetallic elements like ADs,
TiO2 [1,2]. There are a lot of fields of applicationfsceramics, glass ceramics and their
composites in the biomedical domain because of tieéevance with the physiological
situations. Their hardness, strength and wearteegie of such Bioceramic like alumina
and glass putting it at the front head of apploradi in dentistry where, ceramics are
widely used for synthetic denture, abutments, msdglental fillings, crowns, implants
and veneers over metallic foundations, becauskenf tapability to imitative the optical
properties of enamel and dentin as well as forrth@compatibility and chemical
durability [3-7]. The concept of mixing two or mordifferent ceramic oxides to obtain
new materials with better characteristics has laggied for a long time. Glass - alumina
composites, for example borosilicate glass withmaha, considered to be a good effort
toward the use of such composites a base bloclkéoeased cost effective application
due to their ability to density at low temperatarel produce a desired properties [9,10].
In the present work; the role of couple oxide addibn sintering was adopted as a novel
idea together with the use of recycled glass amd+adumina powder was investigated in
the present work.

WWw.oiirj.org ISSN 224-9598




Online International Interdisciplinary Researchrdal, {Bi-Monthly}, ISSN 2249-9598, Volume-VI, IsgdVI, Nov-Dec 2016 Issue

2. Experimental

In this work soda lime glass used from recycledsgldlat window glass which
mechanically grinded using a special fine grindingchine (Retsch RS 200) then it was
milled and sieved down to less than |88, with a- aluminamicro particle of 50-200m
from (Riedel- de Haen Germany) with added coupl&les (TiG-Nb,Os) which was
prepared in the laboratory by wet mixing.The mier@lumina by nano particle size with
particle size of 30 nm and purity 99.5% (from S\@&no company, USA). Couple oxide,
which was added at different weights (0.25, 0.350and 1) wt%and sintered at different
temperatures 800, 825, 850, 875, and 900°C witbuzshholding time. In order to attain
good and desired homogeneity of the prepared samplixing was done in a planetary
ball mill in which stainless steel balls of diffetesizes were used [large and small balls
of diameters range between (0.5- 5) cm. Polyvimgblzol (PVA) alcohol was added to
provide a wet medium for the milled powders to trantee an even mixing of the
prepared composite powders. The mixing was dor@dimours at intervals of 6 hours
each. The samples were then dried in vacuum oveanethperature of 80 °C for 2hrs. A
controlled amount of drops of polyvinyl alcohol (R)/solution was added as a binder to
the powders which gives a net of 5 wt% in the fimatture [11]. A pre-weighed samples
of 1.30 gm each of the mixed powders were thenspef a circular die to form pellets
with 10 mm diameter and 5 mm height. Pressing veafopmed using a pressing pressure
at (3.5) tons with a dwell time of 1minute, aftehieh the samples were dried in an oven
at a temperature (90) °C for 1hour. The sample® wsn placed in an electric furnace
for sintering and the ramp rate used was 10 °C/Thm samples were denotedaccording
to weight as shown in table 1.

Table 1. Composition of alumina-soda lime glass cgosite with the couple oxides.

S.No Materials Wt (%) Temperature®°C)
800
Al;O;3 54.5 85
1-A 54.5 SLG-NT| Soda lime glass 45 850
Nb,Os 0.25 875
TiO; 0.25 900
800
Al;03 44 825
2-A 44 SLG-NT| Soda lime glass 55 850
Nb,Os 0.5 875
TiO; 0.5 900
800
Al;03 335 825
3-A 33.5 SLG-NT| Soda lime glass 65 850
Nb,Os 0.75 875
TiO, 0.75 900
Al,Os 23 2
4-A 23 SLC-NT = jaTime glass| 75 850
Nb,Os 1 875
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3. Results and discussion
3. 1 Effect of the couple- oxide addition on the desification of Nano/ Micro alumina
The highest relative density reached was for sasnfl@3 SLG-NTof nano and micro
alumina soda lime glass to which Xl3-TiO, couple was added as 1wt %. For nano
alumina a relative density of 98% and 97.2% forrmiglumina at sintering temperature
of 900°C with a holding time of 2 hours. As theteimg temperature increased from 800
to 875 °C the density was increased with increasiiegtemperature for all the various
specimens that were shown in figs.(1) And (2).Tkgrde of densification was affected
by the amount of the couple — oxide J-TiO, added, a small amount of dopants does
not seem to improve the degree of densification abfmina at lower sintering
temperature, but the relative density of doped sesngignificantly appeared to increase
with increasing sintering temperature and the arhotithe couple oxide. The measured
density of all samples shows that there was neeldifference between the two types of
nano and micron AD; particle size in the relative density. The simtgradditives were
noticed to have an obvious role to improve theaimec material density and get a
controlled grain structure and desired phases.
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Fig. 1; nanoa- AL ,Os-soda lime glas with Fig. 2; micro a- AL ,03;-soda lime
Nb,Os-Tio, additiveeffect on the relative glass with NOs-Tio, additive effect
density. on the relative density.

3. 2. Effect of Sodalime glass - oxide couple addies on the hardness of Alumina
composites.

The Vicker hardness of micro alumina in the sanggleesA 23 SLG-NT was shown in
the fig (3) and a maximum value of 25.4 Gpa wasletdd at 900°C with the couple
additives of 1wt%, but for sample with 44 wt% walumina the hardness was less than
the first composition which has the value of 21.BaGAccording to these results such
behaviors could be referred to describe at leasetfactors affected on the hardness; like
additive oxide content, temperature, the amourdlofmina, and also the density of the
samples. (Fig. 4) showed two different amounts BfOAwhich was 44 and 23wt % of
Nano alumina that were added to soda lime glask thié couple oxide Ns-TiO,

WWW.0iirj.org ISSN 224-9598




Online International Interdisciplinary Researchrdal, {Bi-Monthly}, ISSN 2249-9598, Volume-VI, Isg4VI, Nov-Dec 2016 Issue

additive. The sample at 23wt% shows, the highegtege of hardness among all the
samples which was 42 GPa, and for 44wt% of nanmialu hardness value was 40 Gpa.
This value of hardness was closely comparable th#t of the tooth and match with
those by P. Gutiérrez-salazar and J. Reyes-gagyajudch results give an indication that
as the alumina content decreases the hardnessinaheased which conforms with the
important role played by the temperaturewhich higkffect on the sample properties. In
addition to that the SEM micrographs showed thesapgnce of needle- like shapephase
precipitated, which was observed dispersed withérhatrix. This phase considered as a
new feature of the prepared microstructure whick naticed for the other samples with

Nano- alumina powder.
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3.3. XRD analysis for nano/ micro alumina with soddime glass and couple oxides
(Nb2Os-TiO)

The X-ray diffraction for using nano alumina in 8 3LG-NT sample as shown in Fig. 5
with couple oxides additionsof 1 wt% The phase ysislby XRD reveals the formation
of a-Al,0O3 as in card (46-1212), Syard (46-1242), and N@a;Mg,Si;O;5 according
the card number (42-1484) Moreover the appeararica novel new phase called
Devitrite (N%Ca38i6016) which developed (23-0671) with increasing simtgri
temperatures was checked also by SEM in additioXR®.The analysis reveals the
formation of a needle like morphology, which expelcto make this sample taking the
highest hardness and density values.Also phasgsamalf 23wt% for micro alumina
was showed the appearance ofTADsalthough limited, but at high intensities as in the
card number (09-0252). Moreover, other phasesNi&&a,Mg.Si,O15 card number (42-
1484), AbO; card (42-1468), and trace of py phase were also present as shown in

(Fig. 6).
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Fig. 5; XRD analysis for micro alumina Fig. 6; XRD analysis for nano alumina
23wt%with soda lime glass and 1wt% 23 wt% soda lime glass with 1wt%
Nb205'Ti02 szOs‘TiOz

3.4 .Microstructure Analysis by Scanning Electron Mcroscope (SEM)

(Fig. 7) Shows SEM micrographs using Nano-Alumifta samples sintered at S
From these micrographs a high percent of fusedsafglassy phases) that is the main
phase for high sintering temperature which will sm@an increase in the density of the
sample. Deep analysis of the SEM micrographs ig. (5426- A, B) showedthat certain
parts of the glass bond had been de-vitrified #wedctystals were grown and takes some
shape like elongated section. In addition, SEMasslghowed the presence of one
direction growth of dispersed areas in the sam@sslting in a needle- like and to lower
extension a rod- like morphology of the resultedg#s. This behavior could be ascribed
to the direct effect of the added oxide coupleha presence of Nano alumina which
catalyzed the crystallization of definite phaseeliélevitrite (sodium- calcium- silicate)
together with the growth of Nano alumina particdetdke the rod- like morphology. A
second crystalline phase composed of titania- def@dinum oxide structures was also
noticed in the microstructure of the sintered sasmplhe SEM and XRD analysis also
revealed the microstructure of the tested phassistsof needles of rutile and rutile- like
(TigO17) orientated on the faces of titanium-doped alummraxide grains that penetrate
into the glass bond[13-15]. With the increase i@;Icontent, more plate formation is
visible in the structure, that may explain needmation and caused by the increased
of TiO, percent of this sample [16]. When the micro allanpowder used to prepare
samples processed under similer preparation congitihe needle- like morphology was
disappeared as show in (Fig. 8). Due to use of anmlumina and the sintering
temperature used does not enough to create atioongiitable for the formation of the
needle shaped phases As shown in (Fig. 8- A, Bausecthere was no enough activation
energies for sintering and growth of such phaseiclwhvas indicated by the low
densification noticed for those systems. Microdtites investigation reveals the presence
of coarse and fine grains with more porosity aseapgd in the SEM microgrph at (Fig.
8- C).
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Fig. (7-A, B, O; SEM micrograph for nano a- alumina 23 wt% soda lime glas
with with 1wt % for couple oxides TiO ;- Nb,Os)
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SEMHV: 10.0 kV | Date(midly): 03/27/16| 5 ym

Fig. (8-A, B, C); SEM micrograph for micro a- alumina 23 wt% soda lime glass
with with 1wt % for couple oxides (TiQ- Nb,Os)

4.Conclusions

1- The intrinsic properties of alumina exert a majifec on the whole properties of
the prepared composite. As it is content increadedsification and mechanical
properties were relatively hindered by the formatad intergranular porosity and
/ or secondary phase.

2- Addition of nano alumina makes the densificatioe ranore linear for all
compositions under study as compared with micreesialumina when AO;
content decreased from 55-23 wt%. Using theb- TiO, additives couple.
Moreover the densification curves for micro alumgwnposite were noticed to
converge closely which was not the case with margds.

3- Addition of alumina in general and specifically paamlumina raised the
refractoriness, density and hardness of the cortgbedies.

5.Acknowledgments

I must thanks the staff of Ministry of Science dmethnology — Advanced Materials
center/ Restoration Dental Materials Laboratorygligtad; For their encouragement, help
and their interest and admire in my project.

6. Reference

1- V. G. Sukumaran and N. Bharadwaj, “Ceramics emtdl applications,”  Trends
Biomater. Artif. Organs, vol. 20, no. 1, pp. 7-2006.

2- C. B. Carter and M. G. Norton, “Ceramic Matesigbcience and Engineering,” New
York, USA: Springer-Verlag, chapter 2 ,2013.

3- B. G. Willmann, “Ceramic Femoral Heads for Tdtip Arthroplasty **,” vol. 29, no.
3, pp. 114-122, 2000.

4- P. J. Babu, R. K. Alla, V. R. Alluri, and S. Ratla, “Dental Ceramics: Part | — An
Overview of Composition, Structure and Propertigs|. 3, no. 1, pp. 13-18, 2015.

WWW.0iirj.org ISSN 224-9598




Online International Interdisciplinary Researchrdal, {Bi-Monthly}, ISSN 2249-9598, Volume-VI, IsgdVI, Nov-Dec 2016 Issue

5- I. Denry and J. A. Holloway, “Ceramics for Ddnfgplications: A Review,” Vol.3,
pp. 351-368, 2010.

6- J. P. Matinlinna, “Processing and bonding oftdeceramics,” Nonmetallic Biomater.
Tooth repair Replace, pp. 129-160, 2013.

7- T.V. Thamaraiselvi and S. Rajeswari “Biologieailuation of bioceramic materials —
A Review, ” Trends in Biomaterials and Artificialr@ans, vol. 18 (1), pp. 9-17, 2004.

8- J. R. Kelly and P. Benetti, “Ceramic materiaisdientistry: historical evolution and
current practice,” pp. 84-96, 2011.

9- M. M. R. A. Lima, R. C. C. Monteiro, M. P. F. &ra, and M. G. Ferreira Da Silva,
“Structural, electrical and thermal properties ofordsilicate glass-alumina
composites,” Journal of Alloys and Compounds, %8B, pp. 66—72, 2012.

10- Z. Wang, Y. Hu, H. Lu, and F. Yu, “Dielectricrgperties and crystalline
characteristics of borosilicate glasses,” vol. 35#,1128-1132, 2008.

11- K. Shigeno, H. Katsumura, H. Kagata, H. Asaaad O. Inoue, “Preparation and
Characterization of Low Temperature Sintered Alwaniay CuO-TiQ -Nb,Os -Ag,0
Additives,” Ferroelectrics, vol. 356, no. 1, pp938396, 2007.

12- P. Gutiérrez-salazar and J. Reyes-gasga, “Mécdness and Chemical Composition
of Human Tooth,” vol. 6, no. 3, pp. 367-373, 2003.

13- M. J. Jackson, J. P. Davim, “Machining withra&ives, ” Spr. Sci. Bus. Media,
LLC, USA, 2011.

14- W. Q. Han, X. L. Wang, “Carbon-coated Magndlape TinGn-1 nanobelts as
anodes for Li-ion batteries and hybrid electrocleaincells”, Appl. Phys. Lett., Vol.
97, 2010.

15- P.Strobel, Y. L. Page, “Growth of0;7 Crystals by Chemical Vapor Transport”,
Journal of Crystal Growth, Vol. 56, PP 723-726,2.98

16- S. KUMARI, “Effect of TiQ Addition in Al,O3 Phase Evolution, Densification,
Microstructure and Mechanical Properties”, Nationalstitute of Technology,
Rourkela, 2013.

WWw.oiirj.org ISSN 224-9598




