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Abstract A great amount of fly ash, which is a waste from a thermal power plant, has not been appropriately recycled
until now. Landfill of flay ash causes environmental pollution and enormous economic costs. In this study, manufacturing
of architectural ceramic tile was investigated replacing fly ash with clay raw material. The properties of porcelain tile was
analyzed after manufacturing porcelain tile with mineral based glaze and fast firing process. In particular, the effect of the
fly ash addition on the properties of ceramic tile was investigated by increasing the amount of limestone addition. Porcelain
tile with fly ash showed excellent bending strength, water absorption, warping and abrasion resistance. However, a significant
decrease in durability was observed through the autoclave test. Addition of limestone increased the water absorption,
twisting and hydration expansion of the ceramic tile, but it was confirmed that the durability of the ceramic tile with fly
ash was greatly improved. In conclusion, recycled architectural ceramic tiles, which can meet domestic construction
standards, could be manufactured with the addition of fly ash and limestone.
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Table 1
ICP-OES analysis results of raw materials (unit: wt%)
Sio, AlLO; Fe,0;, CaO MgO K,0 Na,O TiO, LOI
Limestone 0.54 0.13 0.06 54.61 0.02 1.60 - - 43.04
Clay 61.20 19.10 3.03 0.56 0.96 2.35 0.69 - 12.11
Pottery stone 75.00 16.14 1.14 0.20 0.24 3.96 - - 3.32
Pyrophyllite 87.3 8.8 0.44 0.10 0.15 0.47 - - 2.74
Kaolin 48.1 344 1.45 4.85 0.46 0.53 1.21 - 9.00
Feldspar 70.90 16.80 0.70 0.26 0.02 4.15 6.08 - 1.09
Fly ash 58.7 24.5 5.8 22 2.4 0.6 0.8 0.8 42
Table 2
Batch composition of green body of ceramic tile (unit: wt%)
Limestone Clay Pottery stone Pyrophyllite Kaolin Fly ash
A 12 24 42 12 10 -
B 12 12 42 12 10 12
C 1245 12 42 12 10 12
D 12+10 12 42 12 10 12
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Table 3
ICP-OES analysis results of frits (unit: wt%)
SiO, ALO; CaO Na,0O K,0 B,0, Others
Frit1 57.59 830 1140 330 246 586 11.09
Frit2 48.00 1445 752 392 396 228 19.87
Frit3 5439 641 7.2 248 339 3.4 23.07
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Fig. 1. (a) Roller hearth kiln in KICET and (b) thermal history curve of 2 sintering process.
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Fig. 2. (a) particle size distribution, (b) XRD profile and (c)
SEM images of fly ash used in this study.
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Table 4
Physical properties of ceramic tile specimens after 2™ sintering

A B C D

Water absorption (%) 11.2 10.8 12.6 154
Bending strength (N/m)  64.8 67.6 66.9 59.3
Warping (mm) 0.48 0.51 0.50 0.82
Abrasion resistance (g)  <0.05 <0.05 <0.05 <0.05
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Fig. 3. Hydration properties of ceramic tile specimens after 2™

sintering.

AEY ¥ uvird 7 2%E HoFa ok A
AR ®39 KS L 10010 wEw el (Herd)

18% ©lal, %3 7}=E 12N/em o), HE9
< 1.0mm oJ3lo|H, AFAIHA)YS 715 5 UES)
= A& & & ok ZFelelrE 23 AJE(B, C, D)
oAM= EF KS L 1001 752 wEshar 1o, ol
3 A= Zetolofalol]l EHE oF 15wt%e] mdA F}
2ol 12k &4 AL F3le] TE3] AAENES oy
Slal A7) Aellr A3]A Hrbde] F7igtel et
Fre S7kelaL Jlon, 53] A3A kel 22 wt%
A1 DplME w3 A=rt TA gAEL FJEEC] F
A3l SV As 81T & Aot gRido=z i
7181 CaOE FAHEORE 3= 43S 44 A A
7483 g4 9S sl Si00F WHEsle] AZFAE o
S AdstA s, TS dAlsks AeE dEA
UTH 11, 12]. et Afex] A3]4] Hrbeo] 714
AF(C,DPIA F&e] ts F7kslslen, ol A=
TAFERE ] INZE o] Al IS AX7] wiE
of 2A] Yol A3]4] Frtel] mE A9 Adsh= WA
A e Zlog & & Q)

3} W (moisture expansion)S Thsde] =AFERI
2A7F A7) T2 F7] 32 28 S5k WSk |
e ousi, oo} 2 sl =AERd ] foF
Hol| S WA= 3] wiel F8sk & <l
A2 Q1A% Q). Fig. 32 E=AERA AJHo| thek &=
3} WS- (Amoisture expansion, %)} T3S FAH]
(Ahydrated weight, %)°] &4 23& RoiFaL ot 4
oA e g FANZE A3 o
of wEt 7R e & & Aok Fig. 3004 3} 7
Fee BFAAAPIM 0.11 %Yol Wl A3)4o)
10wt% F7F AlA DoME 0.15 %= 7o,
3RS AN 3 021 %A ARIA 0.42 %A1H
D)2 Al F7FITh. ole} o] A3|A Frte| w4

o
2

Table 5
Coefficient of thermal expansion (CTE) of ceramic tile
components (green body, engobe, surface glaze) (unit: 107/°C)

Surface
glaze
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Fig. 4. Duration test results of ceramic tile specimens after 2™
sintering.
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Fig. 5. FE-SEM cross-section images of ceramic tile specimens after 2™ sintering.
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