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The present study is aimed to develop a high strength porcelain insulating material from locally available low
cost raw porcelain materials by reinforcement of TiO, (0 to 10 in wt.%) as a substitute replacing ZrO, in the base
porcelain material composition. Base porcelain composition was prepared from the mixture of kaolin, ball clay,
quartz, feldspar. Pellets were prepared by applying a constant pressure of 170 MPa using isostatic hydraulic press
with holding for a period of 10 min. Different characterizations techniques such as; X-ray diffraction (XRD) and
scanning electron microscopy (SEM) used to evaluate the structural and micro structural changes, respectively
by increasing the concentration of TiO, (0-10 wt.%) and decreasing ZrO, (10-0 wt.%) concentration at the base
composition of porcelain composition. The measurement of mechanical strength and physical behavior of TiO,
and ZrO, were analyzed for all the samples prepared with different compositions at sintering temperature (1250
and 1350 °C) with soaking period of 2 h. The base porcelain composition with 5 wt.% TiO,-doped concentration
yields the better physical and mechanical strength. The investigated TiO, based porcelain material using in re-
fractory and high-temperature insulating applications where severe thermal shock with high mechanical features

are required.

1. Introduction

Porcelain is one of the most important composite ceramics; mainly
it is a composition of kaolin, ball clay, feldspar and quartz. Kaolin is
the primary material from which porcelain is made, even though clay
minerals might account for only a small proportion of the whole. The
composition of porcelain is highly variable, but the clay mineral kaolin-
ite is often a raw material [1-3]. The role of clay is to provide plasticity
that maintain its shape and also act as binder to other component when
it is not fired [4-6]. It is fabricate when it is sintered in between 1200 °C
and 1400 °C. Porcelain is a ceramic material that having unique proper-
ties such as good thermal stability, high mechanical strength, high di-
electric constant, low electrical conductivity and high resistivity which
differentiate it from other ceramic composite material [7-10].

Over the last decade, the development pace of worldwide produc-
tion of porcelain made material are expanding in everyday life like
stoneware tiles, building construction, photovoltaic supports and insu-
lators than other ceramic items due to its excellent mechanical prop-
erties and prevalent stylish execution. It is also environment friendly
as it does not cause pollution and it is cheaper as it is easily available
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[11-12]. Porcelain and other ceramic materials have numerous appli-
cations in engineering, particularly ceramic engineering. Porcelain is
an excellent insulating material used at high voltage, especially in out-
door, such as for high-voltage cables, brushings of power transformers,
insulation of high frequency antennas etc. Porcelain can be utilized as
a structure material, generally as tiles or huge rectangular panels [13-
15]. Modern porcelain tiles are generally produced by various perceived
international standards and definitions. On account of its durability, re-
sistance to rust and impermeability, glazed porcelain has been used for
individual cleanliness since from last of the seventeenth century. After
that, some problem always occurs on the porcelain made material to
achieve a required goal during in continuation of long service [16-18].
In this research work, TiO, substitutes as a doping material in alumina-
zirconia based composition to influencing the microstructure and me-
chanical properties of resultant base porcelain material. TiO, work as
nucleating agent which controlling the crystallization of different crys-
talline phases [19, 20]. A small additions of titanium oxide increases the
secondary mullite and due to this improve the density and micro struc-
tural characteristics of the resultant composition. The aim of this work
is to examine the role played by the increasing amounts of TiO, concen-
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Fig. 1. SEM micrograph of different composition of porcelain material sintered at 1250 °C.

tration on micro structural characterization in base porcelain material.
A second objective is to analysis TiO, effect on bending or flexural as
well as compressive strength in porcelain material [21-24].

2. Experimental techniques

The base composition of raw porcelain material is prepared using
40 wt.% of kaolin, 25 wt.% of ball clay, 15 wt.% of feldspar and 10 wt.%
Quartz with varying the (10-0) wt.% of ZrO, and TiO, (0-10%) wt.%
contents. The fabrication process of different sample is shown in the
Table 1. This raw material are hygroscopic in nature, so they are placed
in an oven at a temperature of 110 = 5 °C for 24 h to remove the moisture
content from it. Afterwards, the powder materials were crushed and
grinded up to 150 um sieve individually before mixing to form the base

Table 1
Formulation of alumina zirconia based porcelain composition.

Samples  Taken in weight%

Kaolin  Ball Clay  Feldspar  Quartz  ZrO,  TiO,
X1 40 25 15 10 10 0
X2 40 25 15 10 7.5 2.5
X3 40 25 15 10 5 5
X4 40 25 15 10 2.5 7.5
X5 40 25 15 10 0 10

composition. The powder material is poured on the sieve of 150 um
size to ensure the uniformity of particle size. The said composition in
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Fig. 2. SEM micrograph of different composition of porcelain material sintered at 1350 °C.

Table 1, was properly mixed evenly by agate mortar for 1 h and then
further mixing were done through ball mill. For ball milling, ball mill
jar was filled with the said composition (X1, X2, X3, X4 and X5) and
grinding media of ZrO, balls and rotated on the ball mill machine for
6 h. Before the pellet formation process, 3—4 drops of 5% PVA binder was
added in each powder sample and hand mixed thoroughly for 30 min
[25-26].

The testing pellet samples were fabricated by using hydraulic
press machine, prepared powder composition were compacted at
170 MPa.The method used for pellet formation was dying pressing. In
this technique, the powder was compacted in carbon steel die of dia
15 mm and then is statically pressed further using hydraulic pressing
machine. Pellets of different shape i.e. rectangular (40 mm x 10 mm
x10mm) and circular (15 mm) were prepared for further physical and
mechanical characterization. Solid state sintering technique is used for
pellets fabrication, each prepared pellets having different compositions
(X1, X2, X3, X4 and X5) sintered at 1250 °C and 1350 °C, using sintering
rates of 5°C/min with a soaking period of 2 h at the said peak temper-
ature [27, 28].

2.1. Characterization

The sintered (1250 °C and 1350 °C) samples were used for different
characterization, include scanning electron microscopy (SEM) and X ray
difraction (XRD) analysis. For analysis the physical properties of the pre-
pared composition were measured according to ASTM standards using
hot water bath method.

Using the following data was collected regarding dry weight (D,,),
Wet weight (W,,), and Suspended weight (S,,) for all types of samples,by
using the formula

. Ww - Dw
Water absorption (W.A) = 35 x 100 [€))]

w

. Ww — Dw
Apparant Porosity (A.P) = ——— x 100 2)
Wy = Sw

Bulk Density (B.D) = _Du m/cm? 3)
y (B. WS¢



N.S. Mehta, S. Dey, V. Singh et al.

Sintered at 1250 °C

Sintered at 1350 °C

Applied Surface Science Advances 4 (2021) 100083

Fig. 3. XRD Analysis of porcelain composition
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For linear shrinkage calculation, we are using the formula

Linear shrinkage (L.S) = x 100 4)

Li-L;

Ll

Where initial length without sintered (L;) and final length after sin-
tered (L f)

The mechanical tests were carried out on Universal Testing Machine
(UTM). The samples measurements were estimated and loaded in the
software, then calculate the modulas of rapture or bending strength
(B.S) and compressive strength of different prepared samples.For the
analysis of B.S of the sample through UTM, three point bending test is
performed.The sample is paced over two supporting pins kept a distance
(L) apart and a third loading (F) pin is brought down from above at a
constant rate until the failure of sample. A compression test can also
be performed on UTM by placing the test sample on the base block.
A compression testing machine consists of two pressure plates/heads.
The upper head is movable while the lower head is fixed. One of the
two heads is equipped with a hemispherical bearing to obtain uniform
distribution of load on test-piece [29-30].

3. Result and discussion

The SEM micrographs of all the samples are shown below at magnifi-
cations of 20,000X. In the Fig. 1 it is clearly shown that the TiO, concen-
tration of the sample increases, the particle density increases upto sam-
ple X3, and then the particle density starts decreasing, hence explaining
the density variation. This also signifies that as TiO, content increases,
the phase development is better. Also in 1350 °C samples, there are types
of round crystals are formed which hints at the development of phases
in the sample. The samples sintered at 1350 °C show more density than
those of 1250 °C.The pores also decrease from X1 to X3 and then in-
crease to X5. The pores in 1250 °C samples are more compared to the
1350 °C ones [31, 32].

The size range of all granular particles was varied between (0.6 to
3.6 um) calculated by “Image J software” with varying degree of ag-
glomeration. The particles present in samples were least agglomerated,
high surface area and uniformly distributed. SEM image of Fig. 2 sam-
ples sintered at 1350 °C clearly showed that the Ti was finely dispersed
over the metal. The quasi-spherical particles of various sizes were ob-
served in the SEM images of all catalyst. The shape and homogeneity of
the particles have changed with changing the composition of catalyst.
The synergetic effect mainly depends upon the catalyst composition and
nature of oxidized compounds. The phase identification and cell dimen-
sions of samples were analysis by the X-ray powder diffraction (XRD)

T T T T T T T T T T T T
15 20 25 30 35 40 45 50 55 60 65 70 75 80

20 (degree)

technique. It provides information about the structure, phase, crystal
orientation, lattice parameters, crystallite size, strain and crystal defects
etc. XRD analysis of all the samples was displayed in the Fig. 3. The pow-
der samples were sintered and XRD analysis of each sample was carried
out and peaks were analysed. The following points can be concluded:

1 The XRD analysis of all the samples were carried out and major phase
of Mullite (JCPDS: 79-1453) was found in each sample.

2 Compounds with TiO, was found as Rutile(JCPDS: 73-2224) phase
and Al,TiO5 (JCPDS: 70-1435). The peaks of these two phases in-
creased from X2 to X5 sample signifying increase in Ti concentration
and reaction of Al with TiO,.

3 ZrO, was found as t-ZrO, (JCPDS: 36-0420) and as ZrSiO, (JCPDS:
80-1808). The peaks of these two phases increased from X4 to X1
sample signigying increase in Zr concentration and reaction of Si
with ZrO,.

4 In both 1250 °C and 1350 °C sintered samples, SiO, found as Quartz
(JCPDS: 79-1906) has peaks decreasing from X1 up to X3 where
they are minimal. Same pattern can be noticed in Al,O; (JCPDS:
46-1212) where the peaks decreases from X5 to X3 where they are
minimal. These two similar pattern suggests that the formation of
most mullite in the sample X3.

5 In case of 1350 °C, the peaks of Quartz and Al,O5; were even lesser
than their corresponding 1250 °C sintered samples suggesting more
mullite formation at higher temperature.

6 Crystobalite (JCPDS: 39-1425) formed at 1350 °C increases thermal
expansion coefficient and dielectric constant. ZrSiO, (JCPDS: 80-
1808) and Al, TiO5 (JCPDS: 70-1435) promote the formation of mul-
lite at even higher temperatures by its dissociation.

From Fig. 3, confirmed that the particles present in Al,TiO5/SiO, are
most crystalline form and producing narrow size high-intensity diffrac-
tion lines; as compared to other samples. The crystallite size of particles
present in the samples was analysis by the XRD technique was matched
with the particle size calculated by the SEM characterization.

3.1. Physical analysis

From Fig. 4, confirm that the value of LS increase with sintering
temperature during sintering all the inter particle spacing between the
molecules become decreases result contraction in resultant volume of
the materials. The results in physical parameters such as bulk density
(B.D g/cm?), apparent porosity (A.P in%), linear shrinkage (L.S in%),
and water absorption (W.A with different sintering temperature are
given in the Table 2 and shown in the Fig. 4.
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Fig. 4. Graph show relation between different physical parameters vs TiO, content (0-10%) of different samples composition sintered at 1250 and 1350 °C with

soaking period for 2 h.

Table 2

Change in bulk density (B.D g/cc), apparent porosity (A.P%), linear
shrinkage (L.S%), and water absorption (W.A) with different sinter-
ing temperature.

Temperature 1250 °C

Samples X1 X2 X3 X4 X5
B.D. 1.95 2.03 2.10 2.04 2.02
AP in% 8.52 7.89 7.33 7.95 8.09
L.S in% 9.24 9.29 9.49 9.41 9.34
W.A.in% 3.89 3.72 3.12 3.47 3.69
Samples X1 X2 X3 X4 X5
1350°C

B.D. 2.05 2.18 2.31 2.19 2.11
AP in% 7.45 7.03 6.37 6.69 6.87
L.S in% 9.52 9.57 9.71 9.62 9.60
W.A.in% 2.65 2.49 1.96 2.32 2.48

With sintering at two different temperatures (1250 °C and 1350 °C)
the value of WA and AP were found to decrease with the addition of con-
centration of TiO, from O to 5 wt.% in the base composition of porcelain
material. The WA of samples decreased with increasing sintering tem-
perature because close pores and open porosities of the bodies reduced
and there was increased glassy phase content in the samples. For sam-
ple X3, the value of WA and AP dropped to a minimum 1.96 and 6.37
respectively, by addition of 5 wt.% TiO, with 5 wt.% ZrO, for the sam-
ple sintered at 1350 °C with a soaking period of 2 h. Also recorded the
maximum density of 2.31 g/cm? at the certain temperature for compo-
sition of sample X3.After the further addition of TiO, up to 10 wt.%, it
starts to decrease because lack of glassy silica content, the proper bond-
ing between Ti and Zr molecule become decreases and extra Ti content
disperse on the surface of porcelain body results increases the closed
pores due to that increase the water absorption in the resultant porce-
lain material, show in Fig. 4. Hence, the strength gradually decreases on
further addition of TiO, for the X4 and X5 composition.

The mechanical tests were carried out on the Universal Testing Ma-
chine(UTM). The sample sizes were measured and fed in the software

and bending and compressive strengths were calculated. For Modulus
of Rupture (MOR) or Bending test calculation, a rectangular sample
(40 mm x 10 mm X 10 mm) was using three-point bending test, and
a cylindrical sample is having a dimension of 30 mm diameter was used
for compressive strength measurement. The MOR is calculated using a
formula:
3FL
o =5 5
Where, F is force in Newton at which the sample is fails, L is the
length between supports, W is width, and t is thickness of the sample
From the Fig. 5, as the TiO, content increases and ZrO, content de-
creases upto 5 wt.% the strength of samples X1, X2 and X3 increases and
then decreases afterwards for the sample X4 and X5. The maximum me-
chanical strength is recorded for the sample X3 having bending strength
(96.28+ 5 MPa) and compressive strength (158.71+ 5 MPa), respec-
tively, shown in the Fig. 5. The decrease in strength for sample X4 and
X5 is due to increase in porosity and density goes down which is shown
in the Fig. 5. Also, in accordance to the XRD analysis, which shows that
the presence of mullite phase in sample X3. However as the ZrO, content
decreases subsequently alongwith less mullite phase development, the
bending strength decreases. The compressive strength showed higher
values than that of bending strength, due to the difference in stresses
distribution during compression of the samples.

4. Conclusion

In this work, mechanically strong porcelain insulating materials were
prepared using low-cost clay composition and varying concentration of
zirconia and TiO,. The effect of sintering temperature and TiO, wt.%
was studied. The base composition having concentration of 5 wt.% ZrO,,
and 5% wt. TiO, sintered at 1350 °C (X3) found to be most suitable
in refractory and high-temperature applications where severe thermal
shock with high mechanical features are required. In the composition
with increasing sintering temperature the phase reactions occur at their
best and give the desired phases, the ceramic particles tend closer to
each other and lead to densification up to 2.1 g/cc at 1350 °C. Result
reduction in porosity due to lack of close pores. The non-availability
of micro cracks and pores, reduction in porosity due to reduction in
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water absorption of the resultant porcelain composition . The recorded
value of bending strength and compressive strength was 96.28 MPa and
158.71 MPa respectively at 1350 °C. On further addition of TiO, up to
10 wt.%, the strength of resultant porcelain material gradually starts to
decrease due to lacks of glassy phase content and bonding between Ti
and Zr become decreases results increases the closed pores.
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