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Abstract

In this research has been focused on the improvement of chemical properties of the
ceramic tile by using the mixture of CaO, ZrO, and SiO; as CZS glaze material due to their
possess high corrosion resistance and high strength. The ¢laze compositions were contained
53 wit9 SiO, wt%, 31-35 wi% of CaO and 12-16% of ZrO,. Then the mixtures were melted at
1500°C by using platinum crucible and gquenched in the water to obtain frit and ground as
glaze powder materials. The wvarious compositions of frit powder were analyzed phase
cormnposition by XRD, chemical reaction by DTA. Then fired ceramic tiles was analyzed the
corrosion resistant by testing in the 5vol% Nacl solution with 95 vol% distillation water
under the temperature of 120°¢ for 6 hours. The ¢glaze surface morphology of the as-
received tile was observed by using a scanning electron microscope (SEM).

The results showed that the addition of Ca0 in the SiO, composition it could be
enhance the corrosion resistant. However, with the addition of 12-14 wt% ZrO, in to the
Ca0-SiO, slaze mixture, the corresion resistant was increased in comparison with ordinary
Ca0-5i0; glaze. This is because Ca0, ZrO, and SiO; compound could be generate the new
phase such as Wollastonite (CaSiOs;) and Calcium zirconium silicate (CayZrSiy;, CasZrSi,Os,
CazrSi;0y and Cay ,Sis3Zr;0g) In the system CaO-ZrO,-Si0, system. Nevertheless, the excess
amount of Ca0 was produced many pore in the glaze matrix. As the result from the
corrosion test at the temperature of 120°c, with highest corrosion resistant and lowest
weight loss of 0.20% was obtained from the mixture with 14wt% ZrO, consists the large
amount of Wollastenite phase which is suitable for acid-resistant ceramic tiles to protect

engineering structures in rock salt under high temperature condition.
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ntering figamgiigmazwuin glass ceramic Aldieuumnfiulushuresnalnmsnansénlag
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;qm*.nnuaﬂ'lww 900-1050 B IwALduALa¥AIAMT heat treatment YilWiAaTgatAves glass

¢ eramsc aﬁmgmwuoq CaSiOsnae  CapZrSi0O;, mna-amnaa:1QaWiiﬂumanmiaum‘lwmamu
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AssUIuMIRneEn dunaawty uardnvurrssEniintudrason Lt wes glass ceramic
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in hevhmsAneilasaiagana aumuyauseaisell wasnamiiBang  leevinisvaaes
f'::"iﬁ}‘%'EfULﬂaU's:wi']q PABU frit ATEIRANUDY CaO-SI0,-210; (CZS) uay waou frit AldIunNEmID
;_-'.-CéO—AlZOySiOZ(CAS)Tmu'[%’nszmum's Plasma-sprayed  USeutfisuiunssuiumseuuy
:.i.__éonventionai process Lﬂﬁa‘uuuﬁ’maqnimﬁmqwﬁéumrﬁa porcelain  stoneware Inely
ihsw’aun'ﬁ heat treatment ﬁ‘;\‘!LLUU single isotherm uag double isotherm iaSeuiiouiulag
j'_"_:’ﬁ‘l.mnizmunﬁ Plasma-sprayed azvilildmsBametussniandouiunsuieldadedmasio
:ij;mamﬁ'ﬁmmu%qusmazﬂuhﬂﬁzmumsheat treatment WUy double isotherm Agamaiisso °C
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Siligardi C.et al ¥nmsAnwmgAnssuseunaRIniin (sintering) 9849 Glass-ceramic frits Tu
Uy CZS MNSANSIENYMLRW I TIANSaUIINEaYDY Differential thermal analysis(DTA) uay
ffff.Heating microscope  analysis (HeMA) Taeldmsifvesniedullafning 5 mol% 16y Li0
;_-}:5,NaZO,KZO,MgO,BaO,ZnO,TiOz war P,0s lesdnnvaawvindy frit usasBoauaniludesien
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- TiOz, MO waw ZnO Juaziumnumila(Ca0 uas BaO) lusswinmswnriinuassiqunadasiu Tio,
:'-:;El'q'ii'a‘dtﬁu nucleating agent dneny

Siligardi C.et al YnmsAinwmawnanisun Glass Tuseuu Ca0-Zr0,-ALOS-SI0, 1Run1sf
f:i{_Ath3 Yhina 1,35 uas 10 mol% wdnhluaiiouru porcelain stoneware lagldnssusuniawnii
:'::__qmmn”ﬁ 1220°C luszyzian 50 wimilouiulussuugramnssuade wuiwegaiiinsidu ALO;
5 mol% fautRdnawasmemanmifigluusseioiaiauedofien linear shrinkage 3.5%
:.'f_:.water absorption 0.01% uagilan Modulus of rupture 63.3 N/mm’
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eway 31-35 Tnswiin way 20, Uiinaferay 12-16 Tnerhwiln Wuingiudedu fauansly
gf'fc:om'qu” 3.1 LLé"aﬁwmwaamhuwamﬁwmﬁqquﬁ 1500°C Tngldidmanu Platinum  Crucible
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Ui 3.5 Junuisumarifvuasiununssiowgms 213 way 214 wEvhnmsenaSouuds
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NIVAGRUMBMVIINTIANKAR (crystallization temperature)
thuaiialiimsssaeaeunsiiaufizownerufeuievhnsdsgamgilunisen
indeuivnsaulaeldiinns Differential Thermal Analysis(DTA) waslaonssuiumswnazyingy
anauwvvAswuuusnasynmsinadeulagliviinsanudndeassiiniaunlaeld Heating  rate
10°C/min ufagangii 1300 °C Wuan 1 Fali waskuuficessimsmnadoulfaonadoai
duguugiilunsiinufidolegasviinamnlaeld Heating rate 10°C/min awuilagaumgil 1300 °C
Wunan 1 Hluuagimsaneamgiiadlasld rate 10°C/min suilsgrmgli 1050 °C e 30

nfiniuddesbitduassudeamgivosioununm

Qg (°C)

60 1IN

1300 =y 10 °C/A4W

1050 e e

B 30 4N
10 °C/UIN

1287 (1)
gﬂﬁ 3.7 u&mmwLLﬁm‘ii'mqm‘ﬁqﬂumimeztﬁmmﬁau

NMIMARBUANIMUMUABNSAANTBUTBINIAnRan 1 INggligaasiundeu
ifunuidumssnindousnmpgsummmumusemsiansauvansandenisld
guugligs Mensuidunuaduasararsiifidunamedludiouaaslsdmunduduioses 5
Taughwiin (nde 5 da wazgndu 95 diw) Wuna 6 Halus Agamgl 120 ssrsadoa lay
Wnsauguaalunse (pH) 1osEsazaugndongssning 6.5-7.5 wdwnaTual 6
Halus vimsfagminieu-vdanmsvaasuiiomgminivmely udnidunuiidumsmeasuly
arasulasiaigamavesiuaiausiondos OM Mneuuasuiinimegaunisianseunels

qquﬁqqgﬁam‘%umﬁaumﬂwmnmq
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a aaa = a -
minsedaunsiaUfisenfignmgiidng q TasaSes DTA

HANTNAFDULAZDUAIWNTIATIEWNIELA38Y Differential thermal analysis (DTA)
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UV 4.1 MTAATIZNANILATY Differential thermal analysis (DTA) gean Z12
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1IN3UT 4.1 wituleringnd Glass transition temperature waaAdaugns 212 awayi

gampdl 77654 °C waw Crystallization temperature Fadugrmgiidvihlvifiansanadnasiiuls

NUfismmeanuinuiniuiigumnl 998.42 °C
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NNGUN 4.2 9ziuldinge Glass transition temperature weuAfaugns 212 1vagi

gaumail 779:69 °C uaw Crystallization temperature FuihugomgiifihlAiiansanadnazidiule

NnUifTemennuiouintuiigamail 1023.25 °C
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=i [ v .y 2 L
ﬁ'J'ln‘é'tJvl 44 wwiulaingas Glass transition temperature ¥BUAABUGAT 212 asaqﬁ

o

=Y 5 - ‘: Am o o =4 b4
gaumnqil 786.32 °C uaw Crystallization temperature FaulugamgiifivhliAiansanndnaziivlé

-

naUidomennuieudsiuiiguvnll 1042.25 °C
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05 ~ /’ T
4; ¢ \r
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g 183 T (782.47)°C \\ /
5 | / o105 /|
€ 1/ #
S -15- / M
E =
= /
2 ]
8 -2.0-
g
] |
-2.531. |
) [ —— . ; ; :
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Exo Up Temperature (°C)

JUT 4.5 mylswiniuiaies Differential thermal analysis (DTA) gnsi Z16
NGUN 4.5 auituldingig Glass transition temperature vanABougns Z12 wedd
qaungil 78247 °C uav Crystallization temperature SatugrmgiivilviAanisanednoniuls

NNUGATImeaLIBuAnTuTigugll 1035.83 °C

=i - - = cac - '8 i i .
A1TNN 4.1 uaeguuniinnsinugnsennnn AT v Differential thermal analysis (DTA)

Glass powder |

Foans T, O ;i'p(°C)
Z12 776.50 998.42
B 713 77969 1023.25
z14 781.27 1030.14
715 786.32 1042.25
716 78242 1035.83

Tp = the crystallization temperature , T, = glass transition temperature
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NnanIRTIvEsUMIURTERatuneeudounuRuadsuwsargaTiigamaiilutiae
Glass transition IndiAeafunazgampiilunsnnudn (crystallization temperature) sauandlunisng
ATUUY
HARINNNTATIVINAIAIN X-ray diffraction pattern

MInmsaTeaevigMAidaiuuinuinadauwuiriign1aves Wallastonite uay Calcium
Ziconium  Silicate  \iinduiivinaiundoufausinaiiiedudilivininlageeainaan
nszuumandediviilindniidetuivinanasauailugannwediensssdasdinsuiunEs
nssuumMsis RlFUS I Ennafiuiy seslsiaumuindunaile 10, SSnanfiuiuay
fiinn1Aves Wallastonite uay Calcium Zirconium Silicate Wudutguiu dungldanmusduves

= ol Y «d
RednaLsgnuaing fegun 4.6
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] [ c35103
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g | ;
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1500y M
“die, " LG i ompingit s rvidiy 213
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0 ‘ 30 80
2 theta {degree)

31!17'1 4.6 nanTIATIEVAEIUMsATEY X-Ray Diffraction (XRD) vasgai 216, Z15, 214, Z13 uav
Z12
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FUR 4.7 Armvesiununsude s idunisw e ouws

mraadnuuelasieiganaenssisussiinsiaunselaslndesganssen

Ezénmauwuziaaﬂﬂmamwfciaﬁmgaé’wﬁa(l(,). Hong, J.M. Kim, H.S. Kim)
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Ui 4.8 m3liasievidaondes Scanning Electron Microscope (SEM) tosusasdinyasinads
([K.J. Hong wazatug, (2003)))

NGUY 4.8 wamaliiudanan Wollastonite wag Calcium zirconium silicate lnsu3ueumignas
YarWuRaNYaY Wollastonite fvdnuinviinaaaedaunasfinnsannantss Calcium  zirconium

siticate [ Hudiadvqfisduiivinugwusdinadau

amuansdnuuzlassaiganiavainssivangsidinglianunsalaslindasganssmi

HANATOULUVABINT IR
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{a) (b)
I=‘ . . 1 i as [ P
3UN 4.9 Scanning electron microscope (SEM) NOUNARBUA IR TUNIUNIINANTBUDBUARBUZNS
213 fikiléivhnsanedin (recrystallization) fgaumgii 1050°C
1NFUHR 4.9 (a) uaz (b) ﬁﬁné’wawGhaﬁ’uw.ﬁulﬁiﬁmﬂﬁaue’i’maaw—ﬁ’ﬂﬁlﬂﬁmgﬁzﬁaﬂu
= ar = = =2 t g =y = = 1o o = o = = ar
*uzusmmnuﬁl.nmangﬂwm;i‘)mmdfuuummmwmaau uadadivwimdnann  FaflowSeudiauiu

1 ar =y i = t;l' o o t:’t! B = = ax 1 o |
wiasdoyadnaBasnuiiiviinaeiniiindulay wasiundaudiliandviniies

(@) (®)
3U# 4.10 Scanning electron microscope (SEMMAMAADUATIFIUMIUAIARNSEUTBUAREY

[l
o

qns 213 Alildvhmsmnnntecrystallization) fgamail 1050°C
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9NFUN 4.10  (a) waz (b) wnuimdmninsagsuauiunumsiansouTauaSay

o 1 = .al\l | ar ' e 2o =1 ot o = - = Y+ ar
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(@) (b)
3ﬂﬁ 4.11 Scanning etectron microscope (SEM)ﬁaumaaummﬁmmumsﬁ’mn‘s‘awaamﬁauqm
Z14 #lsilévinismnadn (recrystallization) fgoumnd 1050°C
NINGUT 4.1 vosgs Z14 fanw (a) uay (b) amdiliinadoudinsiinsvasusiiit,
Lmé’amwumﬁmaa%wa%uﬁ’mﬁmm%wnﬁ'1é‘i’uﬂssﬁw‘ﬁ“mwmaﬁ’zmaﬂmu%’auﬁLLmnsiwaﬁ'usswd'iqﬁ?
m%’a‘ur"i’u%umunmﬁamawzwui%ﬁm@umﬁn@ﬁmm Wollastonite Iuiivinfiamiweandey

i = L
FIULABINU

(a) o T o

Ul 4.12 Scanning electron microscope (SEM) vdaagauanuumumsianisusaadon

ans Z14 Alilsvinsanudn (recrystallization) Faemadi 1050°C
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mmﬂﬁ 4.12 ¥ (a) uae (o) %wuiuﬁamﬁauﬁgﬂmtﬁmnt’z’mﬂi'auaalﬂmammﬁmwiai’mﬁ
Lﬂumaﬂmumlumﬂmsmu'[mmwaanlusﬁmmmwmmmﬂwumwnmﬂw 4.11 %13 (a) uay (o)
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(@) fAnadou (b) spBRBI¥WINE body fuBlmday

3U# 4.13 Scanning Electron Microscope (SEM) Tngnisyhnisnaaauaiugumumsiensou

9gAT Z12 Fvhnsansdn (recrystallization) figamad 1050°C Wuran 30 wnd

é = Ty = s £ 1
NNFUN 4.13 pm (a) v‘fﬁuu'immmmaawaagnwmaanmwwumumsnmnﬁaumﬁmﬂ way
(b) L{’lusaEJsﬁiasw*jwaﬁ’amﬁauﬁ’v%umuwwuiﬂLﬂaﬂmnmﬁauam Z12 dWavnsenudnndauiin
mi‘l,uanmm’lwmammswmaavmansmqLﬂmﬂ’ﬁﬂmn‘mumnmmmaau uazazwuIdeasdigngu

Lﬂﬂ?ﬂd‘r’l a‘i'u \inLARaY wavur LUTREADVAUAADU ﬂU“Ej"LN"IU



27

@713 (b) Z14

Ul 4.14 SEM vosiundeunsulesivhnsindiousaiafiougns 213 (a) way Z14 (b) fvhnsen

udnvigamagil 1050°C Wuian 30 il Aewin adauAEUNIUINMSians ey
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gms Z16 | 38314 37.233 1.081 2.82
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ASTM B 117 Practice for operating salt spray (Fog) apparatus
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