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Abstract

The effect of temperature and substitution of quarby rice husk ash (RHA) on
hardness of porcelain tile was investigated. Ricesk ash (RHA) was used as a
substitute for quartz with different replacementvels (0wt%-25wt%). The mixed
powder was pressed into pellets and at pressur@bfMPa. All the pellets were
sintered at the temperatures of 1060 1100C, 1200CC and 1300C for 2 hours
soaking time, at a heating rate of € per minute. Study on the effect of the
microstructure of the porcelain on the Vickers hamdss and physical properties has
been carried out. The microstructural observatiorshow that as the temperature
increases to the grain size becomes smaller becanfs¢he quartz conversion to
cristobalite due to increase in temperature and stitution of quartz by RHA. The
Vickers hardness and bulk density was the highestldhe porosity was the least at a
temperature of 1206C on 20wt% substitution of POFA. Porcelain contaig POFA
has about 7% weight reduction compared with nornpalrcelain. The improvement in
the properties could be attributed to sharp changeghe microstructural features as
a result of increase in mullite and glassy phasmsitaneously.
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1.0 Introduction

Rice husks are a residue produced in significaantjties on a global basis. While they are utilizsda fuel in some regions,
in other countries they are treated as waste, rgumillution and disposal problems. Due to growéngironmental concern,
and the need to conserve energy and resourcegseifive been made to burn the husks under cadrobtinditions and to
utilize the resultant ash as a building and ceranaterial [1 -4].

The beneficiation of rice generates as by-prodiget husk ash that corresponds to about 23% ofittisli weight. This ash

can be used as a fertilizer in agriculture [4] ®@aa additive for cement and concrete fabricatiyr8]. Due to its high silicon

content, rice husk has become a source for préparat elementary silicon [5,6] and a number oicsih compounds [7],

especially silica [8,9], silicon carbide [10,11]dasilicon nitride [12].

Up to now, little research has been done to ingastithe use of RHA as supplementary material egdain production in

Nigeria. For this reason, this study investigatesibfluence of temperature on the substitutioqudrtz by rice husk ash in
porcelain composition.

2.0 Experimental Procedures

The RH was thoroughly washed with distilled wateiorder to remove adhering soil and dust. Aftet thevas dried in an
oven at 108C for 24 hours. Then the dried husk was subjeatdtle chemical treatment; 2M HCL, 5% solid at°25before
calcinations to increase silica content. After ixaching process, the treated husk was washeddigtih water and then
dried again. The treated husk was then subjectedltinations at 70 for six (6) hours, after which it was subjectedhe
XRF analysis. The machine used for the analysisX®is Bruker S4 Pioneer which was operated at 60 W& 50 mA.
Porcelain powder was grounded separately in antifill The powder was sieved using 50um sieve armetldn an oven. The
RHA was gradually incorporated into the body ofqadain powder (Table 1). The composition was mixethg a ball mill
for 1.5 hours. The mixed powder was pressed inietseand bars at pressure of 91 MPa. All the pelieere sintered at the
temperatures of 100Q, 1100C, 1200C and 130€C for 2 hours soaking time, at a heating rate°@f per minute. The bulk
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density and Vicker hardness were determined. Thentdal composition of the RHA was studied using XyFluorescence
(XRF) while the crystalline structure of the pedletas identified through XRD and the microstrudtéeatures were studied
by SEM.
The Vicker hardness was carried out according tdM%-1327. The device used for the hardnesswest Shimadzu
Micro-hardness tester. Before the test, the sampdes polished. The samples were sprayed with idatdur in order to get
the clearer surface microstructure. The magnitUdine test force was 9.81 N while the applicatafrthe test load was
0.015 mm/s. The Vickers hardnelsl/, is given by:
HV = Constantx (Test force / Surface of indententation)

. 136°
HV = 0.102 x (”;—22>

Table 1: Body composition with progressive replacementusdrtg by RHA

Sample name Kaolin Feldspar Quartz RHA
AR1 50 23 23 0
AR2 50 23 20 i
AR3 30 23 15 10
AR4 30 23 10 13
AR 50 23 3 20
ARS 50 23 0 23

3.0 Resultsand Discussion

X-ray fluorescence (XRF) analysis was used for ¢hemical analysis. Hence the amount of chemicahelgs can be
observed (Table 2). The presence of various elesneithin the raw materials can be seen from théetdkhis table shows
the result of XRF analysis of kaolin, feldspar, qgaRHA and POFA. It is evident that Si3 the major composition in all
the raw materials they are: kaolin, feldspar, quartd RHA with 69.3 wt%, 72.7 wt%, 99.4 wt% and®81t% and then
followed by alumina with 24.3 wt%, 16.4 wt%, 0.2%t and 2.1 wt% respectively.

Table 2: Chemical analysis of the minerals

Sample Content

Oxides 510; ALOs Ex0 P:0s CaQ MgO COr 503 FeQ: Nax0 Tid: LOI

RHA 9370 211 118 096 081 033 010 045 - - - 0.16
Kaolin 6930 2430 2.4 - - - 0.10 - 027 - 027 036
Feldspar 7270 1640 050 242 - - - 687 040 029 - 0.10
Quartz  $9.40 022 - - - - 0.10 - - - - .28

Figure 1 shows the SEM analysis of the mixed sasgilgtered at different temperatures. It can ba feen Figure (1a) that
the grains are big due to undissolved quartz btiv@semperature increases to 11D€he grains becomes small (Figure 1b),
at the temperature of 12D (Figure 1c) the quartz dissolved and got condeiecristobalite, more mullite are also formed
as the temperature increases, the grain size besmaker, densification took place because of glgbmse that are formed
as a result of increase in temperature and sutistitaf quartz by RHA.
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Figure 1: The SEM of the mixed samples containing RHA sirdexedifferentemperatures

As the temperature reaches 13DO(Figure 1d) pores -emerged, this could be as result of bloati(i.e., pore
volumeexpansiomyvhicharisesfromhigherpressures (athightempergnfigesessuchasnitrogen,carbonmonoxide
carbondioxideentrappadthinclosedporesSimilar result was obtained [13,14].

Figure 2 shows the XRD qualitative of analysis maixed sintered samples at different temperaturésed major phase
were identified are quarthexagonal (ICDD 04-1045), mullite orthorhombic (ICDD#143), and cristobalite tetragor
(ICDD 0391425). The peaks intensity for mullite, and cristitite with increases between the temperature 6C°C and
120C0°C, and decreases at a temperature of °C. Quartz dissolution is expected as the tempea increases but a reverse
rend was noticed here, this could probably behattedd to residual that did not suffer conversiob][The quartz decrees
while mullite and cristobaliteincreases, as theperature increases from 1(°C to 1200C. Above the emperature of
1200C a reverse trend was noticed. All the three misatacrease due to over firil
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Figure 2: The XRD curves of the mixed samples containing Riithered at different temperatu

Figure 3 shows the result of bulk density of thexedisamples containing RHA. As can also be seen framFiQure the
result of bulk density of the mixed samples contarRHA has an increasing trend. Consistent witiMSBe bulk density
increases with the increase in temperature and téthincorporation f RHA. With aapproximat values of 2.28 g/cfrthe
maximum bulk density was reached on 15 wt% of RH/ daemperature of 10 °C, further substitution causes the b
density to decrease. At the temperatures of °C, 1200°C and 1306C the maximum waseached on 20 wt% of RHA wil
approximate values of 2.38 g/&n2.42 g/cr® and 2.35 g/crirespectively This could be as a result of increase in mu
which mainly originates from clay, feldspar and RHA&].

In terms of temperature the bulk densityreases as the temperature increases between therstores of 10(°C to 1200
°C. The increase could lmhie to decrease in internal pores as the substitiricreases which causes the densificatic
increase [17]However, as the temperature incre to 1300°C the values for bulk density drops to a value2o1( g/cn?
this could be as a result of bloating [18].
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The result of Vickers micrtvardness of sintered samples is shown in Figula #ine with the studies earlier carried «
[19], the result of Vickers hardness increases wWithtemperature increase and also with increaspiaftz substitution t
RHA. In conformity with the bulk density result presentedigure 3 the bulk density increases with in@&substitution of
guartz by RHA. The maximum hardness was achievéld approximatevalues of 443 HV, for 100°C on 15 wt% of RHA.
While for the temperatures of 110G, 1200°C, and 130%C the maximum value of Vickers mic-hardness was achieved
with approximate values of 892 HV, 1052 HV and & respectively on 20 wt% substitution of quartzRMA. SiC, from
RHA makes up part of the crystalline phz of porcelain that develop theeded hardness to the porce

w

Figure 3: Effect of temperature on bulk density of body mixeth different percentage of Rt

A considerable part of Siand ALO; passes into molten feldspar, which increases teagh of the glassy phase. This is
conformity with the XRD both quantitative and quative, and also SEM analysis supportive. A similanclusion had bee
also reached that the hardness in particular archamécal strength in general of porcelain ish as hardness is influenc
mainly by stresses set up in the glassy phas-22].
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Figure 4: Effect of temperature on Vickers mi-hardness of body mixes with different percentagRlef\

4.0 Conclusion

The microstructure of porcelain body wesignificantly affected with the increase temperatand substitution of quartz |
RHA. The grains become smaller as the temperandesabstitution increases. The bulk density in@edmom 2.04g/cr to
2.42g/cnias the temperature increases from fror00 °C to 1200°C, as well as the substitution of quartz by RHA Ekethe

maximum hardness was achieved at a temperatur@0f’C with a value of 1052HV on 20wt% substitution afagtz by
RHA.
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