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ABSTRACT: ZirconiaToughened Alumina (ZTA) is a glistening name for new generation of toughened
ceramics for the past decade. In this experiment, microstructural and mechanical properties of ZTA ceramic
were modified with TiQas an additive which were constructed usinglassintering route. For various weight
percents of TiQ (i.e. 0 wt%,2 wt%, 3wt%, 4 wt%, 6 wt% and 8 wt%), corresponding constructed samples
were dry mixed, uniaxially pressed and sintered at 1600°C for 1 hour in a pressureless condition. Properties lik
density, porosity, flexural strength, fracture toughness and Vickers hardness were measured for each sample.
The grain growth was observed by using Scanning Electron Microscope (8B found that the flexural
strength, fracture toughness and hasdnieave gradually increased with Fi@dditions, reaching its maximum

value at 4 wt.% and then decreased upon further addition gf $@anning Electron Microscopy showed that

the grain growth of AlO; was hindered significantly with the addition of 4 wt% F,i®ut increased in size with
further addition of TiQ. Hardness and bulk density have also improved from Owt% to 4wt% due to the fine
microstructure, thus enhancing its properties.
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l. Introduction

Ceramics, the wonder materials are becomi ngssuim essen

as low density, strength, hardness and its inertness at high temperature [1]. They are extensively used as
materials in making aircraft structures, electronic packaging to medical equipment, and space vehicle to home
building. Regardless of their aalwtages, ceramic materials exhibit very low toughness which eventually limits
their overall applications |&]. The challenge of increasing the toughness of ceramic based materials has been a
key motivation in the field of ceramic research §& In this pursuit of improving toughness, &); based
materials are often used as the benchmark due to its abundance, relative cheapness and excellent mechanical
properties [911]. The introduction of the yttria stabilized zirconia (YSZ) toughening agent furtheasen the
toughness of the zirconia toughened alumina (ZTA) ceramic compositeAdditionally, the use of additives

was also introduced to reduce the sintering temperature, customise the microstructure as well as improve the
product properties. It hasebn reported that the addition of LiPromotes the sintering and grain growth of

Al,O; [13i15]. This advantage has been considered to be a result of the enhanced diffusivity due to the
increasing concentration of the 3Alvacancies which is generated thetTf* substituting for Af*. As the

guantity of additive approaches 0.0.9.35 mol%, i.e. the solubility limit, a further increase in the densification

rate and grain growth can be observed. Nevertheless, beyond its solubility limit, the contraoy decréasing
densification and grain growth may be due to the pinning effect at the grain boundaries of the second phase,
Al,TiOs [15]. The grain growth of the AD; and ZTA is encouraged by TjQvhich is an important sintering
additive, bringing about @ o mp |l et ely dense and finer homogeneous
investigated MgO, GOs; CeQ and CaCQ@ for improving the mechanical properties of ZTA without
diminishing properties of ZTA [3%,16,17]. The current research has been donederstand the role of TiOn

ZTA ceramic composites. The amounts of Ti@re varied fronD wt % to 8wt % with fixed amount of ZTA

as the matrix. Hence, this study aims to investitfa@emechanical and microstructural propertiesi@f, doped
ZirconiaToughened Alumina (ZTA) Ceramic Composites.

ot

st



American Journal of Engineering 2015

Il. Methodology
The raw materials used for this research wes®A{Martinswerk, 99% purity), YSZ (Goodfellow, 5.4 mole%
Y ,0; as stabilizer>96% purity and AnatasdiO2 (Fluka, 99% purity, grain size: 25nm). The initial mixture
was 80 wt% AJOz; and 20 wt% YSZ and was mixed with different amounts of,T¥@hilst maintaining the ratio
of Al,O; to YSZ at 4:1 The mixtures were wet mixed using Ball Mixer Mill with Zr®alls. The slurry was
then dried for24 h at 100°C in an Electrotherm oven, following which the dried cake was crushed and passed
through a 100 em sieve. The powders were then hydraul
mm diameter and 4 mm thickness without binddre pdlets were sintered at 1600°C for 1 hour at a heating
rate of 5°C/minute in a pressureless condition.
Flexural strength of the samples were measured using three point bendhist, the dimensions of the
samples were 50mm x 30mm x 25mm, keeping spagtheaf 40mm and crosshead speddlmm/min.To
measure the Vickers hardness and fracture toughness of the sintered samples, the Vickers indentation technique
was used. With thelardness Tester Mitutoymodel HV114,the Vickers hardness was measured by taking the
average of five different readings for each sample. The polished sintered samples were subjected to HV 30 kgf
for 15 sec while the bulk density of the samples were calculated based on the Archimedes.principle
A Field Emission Scanning Electronidoscope(FE SEM)was used to observe microstructures of the samples
and their grain growthlThe electrical conductivities of all test samples used in this research project were usually
poor. To avoid this, the surfaces of all samples were coated by gold sputtering technique. The samples were
bonded with conductive carbon tape on an aluminiurh.sfinen the stub and surface was further connected
with highly conductive copper foil. For SEM analysis, 5 kV accelerating voltage was used. Un8&M;E
various grain growths were observed and they were photographed.

. Result and Discussion
Figure 1 shows the flexuratrength oZTA-TiO, ceramic composite with different Ti@ontents. As shown in
the bar chart, flexural strength gradually increases B5d9.3 MR (0 wt%) to 891.8 MPa (4 wt%), where
flexural strengthis the highest, and theslecreases with further addition of TLi@ontent. This increase in
flexural strength may be attributed to the fact that sTi@reases the pinning effect in the microstructure
therefore increasing the amount of stress required to bend the samples & anutaiso due to the refinement
of microstructure as shown in figure 2(d)
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Fig. 1: Flexural strengtlof ZTA-TiO, ceramic composite with different Tj@ontents.

Figures 2(a), 2(b), 2(c), 2(d), 2(e) and 2(f) shotet Scanning Electron Microscopmagesof ZTA-TiO,
ceramic compositeampleswith Owt.%, 2wt.%, 3wt.%, 4wt,%, 6wt.% and 8wt. P40, respectively According

to the micrographsit can be clearly observed that Bi@as influenced the grain growth of the ZTAO,
ceramic composite Thefigures illustrate that as Ti@ontent was increased grain growth was hindered and at
4 wt.% TiG; grain size and grain growth was minimum, therefore succégsséiining the microstructure. This
observation also supports the fact that at. %kiO,, flexural strength of the composite is maximum as shown
in figure 1. Upon further addition, excess TiQvas no longer able to prevent the grain growth of the
composite. According to Manshoet al. [18], excess Ti@ will start to react with AIO; and form ALTiOs
which in turn increases the grain size of the ZTi®, ceramic composites.
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Figure 3 presents the results of Vickers hardness for 1@, ceramic composite with different T}@ontents.
Vickers hardness was observed to gradually increase from 1503 HV (0 wt6t@i0610 HV (4 wt% TiQ),
indicating an improvement of approximately 7 %. The results of Vickers hardness are directly related to the
results of the bulk density, ascstin infigure4. The highest value of Vickers hardness1Q61V (4wt% TiO,),

also coincideswith the highest density value (4.18cm3). The increase in hardness with the increasing TiO
content isattributed toan increase in densification. The Vické@rdnessand bulk density botbecreasesiith

further addition of TiO,. This is believed to be due to the presence of the secondary phaseTi€®s Als
indicated by Manshost al.[18].

Fig. 3: Vickers hardnessf ZTA-TiO, ceramic composite with different Tj@ontents
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