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Abstract

In this research, the effect of unexpanded perlite (UP) addition, in the range of 0, 10, 20 and 30wt.%, on the physical
and mechanical properties of clay tile was investigated. Tile specimens were prepared in the dimensionsof 100 mmx100
mmx7 mm using uniaxially pressed at the load of 10 bars. Subsequently, specimens were sintered at temperatures
between 1,000 and 1,100°C. The properties of sintered specimens such as the squareness and warpage, bulk density,
weight loss, linear and volumetric shrinkages, water absorption, Shore hardness, and modulus of rupturewere measured.
Chemical resistance of sintered specimens was also determined and analyzed on the basis of X-ray diffraction. The
microstructure was observed via scanning electron microscope. Optimum batch was obtained in the specimen with
30wt.%UP and sinteredat 1,100°C. It was exhibited that quartz, magnetite, hematite, and mullite phases were crystallized

in sintered sample and revealed all crystals embedded in the matrix of clay tile.
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Figure1 Samples preparation a) clayey soil andb)

unexpanded perlite
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Table 1 Mix design of clay tile samples

Ratio of Weight of mixture (g) Water
mixture CcS UP content

(CS:UP) (9)
100:0 200 0 24
90:10 180 20 22
80:20 160 40 20
70:30 140 60 18
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Figure2 Clay tile samples treated at 1,000°C with

UP((a) 0%(b) 10% (c) 20%and(d) 30%UP)

Figure 3

Clay tile samples treated at 1,100°C with UP
((@) 0%b) 10% (c) 20%and(d) 30wt.%)
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Table 2 Chemical composition of clayey soil and

unexpanded perlite used by XRF analysis

Raw Materials Content (wt.%)
Chemical composition cs'™ up™
Silicon dioxide (SiO)) 58.11 71.02
Aluminium oxide (Al O)) 17.88 16.01
iron oxide (Fe O) 8.58 0.71
Potassium oxide (K O) 5.98 5.59
Titanium dioxide(TiO)) 1.86 -
Magnesium oxide (MgO) 1.22 0.41
Calcium oxide (CaO) 0.13 0.58
Manganese dioxide(MnO ) 0.30 -
Sulfur trioxide (SO ) - -
Iron oxide (FeO) - 0.73
Sodium oxide (Na O) - 0.90
Loss on Ignition 0.28 -
H O (comb) - 3.57

A bR

namyTaanldann(squarenessyadnseiiios
ﬁmmwauLwaﬂaﬁﬁuwuiwnné’mwdauwauLLasz
%@aaaqmﬁgﬁ "L@Tmuﬁaaﬁﬁﬂ'nu"lﬁmﬂagiuansﬁ
M@ an 2398 Aaliiin 0.7 Hafiuas™

MIURAABILERLAzIBIUSHAT
NNINAALTILEW (linear shrinkage) yasnsziiios
funnsunasladay nuimsradgodulddads
ag'sl,u‘*ﬁ'sﬁaﬂaz 0.12 — 3.39 MIRAGUFIFLRANTUE
wUsuanudanawnesladfitings Figured (a) uasiile
Lﬁuqmﬁgﬁhmnmmsmﬁaﬁ AT WT U %aqmﬁgﬁ
1,100 24eLTALTEE ANINATIFIFA LazWUINEaNEIL
wasladianas 30 ﬁmimﬁamﬂﬁqmﬁiﬁaﬂﬂdw Topcu
and Isikdag® figfiennadasonas 8-11.5
Tuymefidinisnadidolsunas (volumetric
shrinkage) Wuiniadvaglutisiasas 073 - 8.03
NIMaaIIINa TN AnTIuR ke A BINUAINNT
WALTILEUGT Figure 4 (b) BeiinalanassdamIsiwios
ANAMNAWULUUIINVDIAIDEN

Properties of Fired Clay Tile Containing Unexpanded Perlite 549

>
o

w
o

—e—1000C —=—1100C I

g
o

N
o

Linear Shrinkage (%)
& 8

o B
o o

o
o

0 10 20 30
Unexpanded Perlite Content (wt.%)

$901 | —e—1000C (b) 1

2701 | —=—1100C

£30 !
>
E 20 P+

1.0 T

0 10 20 30
Unexpanded Perlite Content (wt.%)

Figure 4 Shrinkage of clay tile containing unexpanded
perlitea) linear andb) volumetric
¥

N1INATNK

X a ea A A
nyziasduimnauinesladauiilasunseni

a g s a =2 90’ [ ) v
gannAehanu Sdnsgaduiaglutiefesa: 10.78 -
18.06 G9Figure5LALITNgIAMNA 1,000 aseLTaLTya dn
migaduindeuinigs fullsgwhgamniiennszidas

e i R Ir g 4

9 lddamnwniin (sintering) inlitanszidasdandseann
ﬁ'ﬂ&iaﬁwﬁgwgmﬂammaui’aqNau uellagmunniian

g 1 v v .
§ITUN 1,100 sseiaiBos LioWu (matrix) Badszau
aagwInila (open pore) WATEIINITEWINNARANA

(intergranular) figanal#nisgaduth Tuwilivaaas”

20

g
< 16
o -
S
=
g 1
< —i
&
© 8 4
= —e—1,000C +1,1ooc|

4 T T

0 10 20 30
Unexpanded Perlite Content (wt.%)
Figure 5 Water absorption of clay tile containing

unexpanded perlite



550 Prasarnkarn et al.

ﬁﬁﬁﬁngzymwﬁum
nsndosdwmnsunesladauniiainiiums
Lmﬁqmmgﬁﬁdaaa wu*jﬂdﬂﬁmﬂfﬂg@mﬁagﬂwﬁaa%’aﬂa:
3.45-6.27 Gauaaslu Figure 6 ﬁmﬁnmadﬁaamaq@mﬂ
Aandnarias Ll 1,100 asemaidos Wasaniwaslad
fuldnasnenadanuain sninsianss uagnsud
1,000 asawalfua wwasladauudaEIn (Fauas 10)
Idwasuenad uazunsswlinasuenadaan (3aaz 20-30)
ﬁﬂﬁﬁmﬁngtymsjmmmmemzamwawé‘a

Weight Loss (wt.%)

34 —e—1000C —=—1100C I

0 10 20 30
Unexpanded Perlite Content (wt.%)

Figure 6 Weight loss of clay tile containing

unexpanded perlite

ﬂ'J']Nﬂ%’]LL‘H:%TJN

nszfasaunnaunesladay Januruusiusiuii
e Lfiat,mﬁqmmuﬁ@mﬁu (Figure7)AnaNUn WL HIIN
yoadethensziiosnaasiosas 1.78 — 2.02 hwiudle
Lﬁuqmﬂqﬁlumnm mmﬁmuummﬁgﬁu wazLilo
Rusanswnedlad mmm%muﬂmmﬁlvlﬁ(qwmgﬁ
1,100 aammm%sa)gandﬂumuﬁ%’waa Topcu and
isikdag® F9ldnanunuuindgausnusamesladaglu
119255-1,425 ﬁIﬂﬂ%ﬂJ/QﬂU’]ﬂﬁL&l@li%@Lﬂuﬁgw’mLUW7ﬁdﬁ
stﬁzaw%wamaaaumﬁmﬁﬂﬁﬂs:Lﬁadmuﬁgaﬂ'jfl §%
muﬁ%’waam%’ﬂﬁl,l,a:mgwag IdA R URTINLRAY
yosnsbasaninuaufnaesunadiuneladnases
agiiuﬁaq 1.63-2.46 ﬂ%&l/@ﬂﬂ’]ﬂﬁlﬁﬁuam@li

4.0

3.5 1

—e— 1000C —@—1100C I

3.0

2.5 1

20

Bulk Density (g/cm3)

15

1.0

0 10 20 30
Unexpanded Perlite Content (wt.%)

Figure 7 Bulk density of clay tile containing unexpanded

perlite
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Table 3 XRD analysis result of fired clay tile containing

30wt.% UP
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Mullite AI(AI'83Si1'0804'85) 8.50
uiD - 2.28

Note: UID = unidentified minerals
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Figure 11 XRD patternof clay tile containing 30wt.%UP

fired at different temperatures
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