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ABSTRACT

Coal fly ash, produced from a power plant in Korea was used for the production of glass-ceramics and the physical properties of
glass-ceramics were evaluated. CaO and TiO, were added into the fly ash during the melting process to reduce the viscosity of molten
glass and to induce internal crystallization of glass, respectively. Glass-ceramic was produced through a single stage heat treatment
(at 950~1050°C for 30~240 min) after preparing glass from fly ash powder. As a result, a new tiny rod type crystals (a=7.4480,
b=10.2381, c=4.3940 A, 0:=94.9, $=98.6, v=108.5°) was found in the glass-ceramics, which showed attractive mechanical properties,
high hardness (7.1~7.6 GPa) and wear resistance (by erosion test). Thus a glass-ceramic produced from thermal power plant fly ash
and cell as a source for CaO exhibits a suitable treatment for the recycling and exploitation of waste materials and would be acceptable
for a new application for building materials.
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Table 2. Compositions of Mixed Materials (wt%)
Fly Ash CaO .
Samples (raw };naterial) (from cell) Ti0,
F11 838 10 2
F12 85 10 5
F13 83 10 7
F14 79 10 11
F21 78 20 2
F22 75 20 5
F23 73 20 7
F24 69 20 11
F31 68 30 2
F32 65 30 5
F33 63 30 7
F34 59 30 11

F89 e ol27vd XA P& o83t A3
9] AA4 BAde AANsE 2Hs] 9shd
CRYSFIRE Z2 19§ A3t o A sR-ele] 2743}
52X Iy o3 4%3E EFHOE XRD
2000 ZZ 1% (Rigaku, Japan)2 AME-314 vt 23362
o] AR #zE st dAnfst A|HE 2% HF 58

Table 3. Crystallisation Types afier Heat Treatment at 1000°C
for 1 h for Glass Compositions

2) E3 B2g 150°ColA 24417 Bk A=A A= (coarse powder, 212~425 1m)
H B2 A2 KIS A AS) 9 stked 950°C Samples Thermal Property* (°C) Crystallization
A 37 Bt Gt ErRelA staAet 9 P T, T, T, type
w7 g olgste, Ar2M ST 2o e FO - - 1400 Surface
T 1450°C7HA] EEE 888 9k 447 B¢ 4] = Fl1 709 1055 1339 Surface
Wzhstg ot ol&EA dolR Fel(FEE=7): 212-425 um)E Fi2 685 994 1334 Internal
@ EA]7|(DTA, DTA-TA 1600, U]5H)E o] g-ste] Fxjz F13 688 1074 1307 Internal
LEE 238t} olm 10°C/mine] $24EE 1450°C Fl4 714 1089 1297 Internal
7Hx) 7rdstdnt. frelel A HYE fiste] FAde k21 19 1023 1328 Surface
Fel& Azt olFA ojn fele HALD Az Pz e Il Surface
E AN GAste] 7 AW Wol e BH 3 F23 7 100s T Surface
B, B9 A9shE ZASA F24 692 993 1255 Surface
Ae 2 zAdAe] 2Ae X-A FFEAI|(XRE, F31 737 1152 1219 Surface
PW 2400, Philips, 2 3HE), Alze 243 Fole ot F32 723 990 1226 Surface
X-413]% ®(XRD, X'Pert APD system, Philips, W@ eH=) gi Zgz 1909476 izg zﬂﬁ
% AO]%ESLO# Kha Ej = ?? /}i %j% 'o]-;ﬁE}L, %Ri) *T, : Glass transition temperature
YoM = Cu 8PS ARSSLAL, &Sk 1 2%min, 33 T, : Exothermal peak temperature
ZH20)e 10~70°9] BH7IR] ZAdtt. 8 2 dAs)t T, : Liquidus temperature
Table 1. Composition of Fly Ash (wt%)
SiO; ALO;  Fe,0; CaO  MgO Na,O K,0 SO; TiO, SO  ZrO, BaO  Total
5890 2307 667 631 093 054 143 080 124 020 009 030 100
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Fig. 1. Surface crystal growth of ash including only CaO
(30 wt%) as a function of temperature (a) 950°C, (b)
1000°C and (c) 1100°C for 30 min.
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Fig. 2. Crystallization result of fly ash glasses after heat
treatment at 1000°C for 1 h. (with CaO (10 wt%) and
TiO; (a) 2 (b) 5 (c) 7 Wi%).
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Fig. 3. XRD result of (a) glass and glass-ceramic (F13) heat
treated at (b) 950°C, (¢) 980°C, (d) 1000°C and (e)
1020°C for 120 min.

Fig. 4. Microstructure of glass-ceramic (F13) produced at (a) 950°C (b) 980°C (c) 1000°C (d) 1020°C for 120 min.
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Fig. 5. Crystallinity of glass-ceramic (F13) (a) as a function of
heat treatment temperature for 120 min and (b) as a
function of heat treatment time at 1000°C.
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Fig. 6. Density of glass-ceramics (F13) crystallised at 950,
1000 and 1050°C for different holding time.
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Fig. 7. Hardness of glass-ceramics (F13) prepared at different
temperature.
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Fig. 8. Wear rate of glass-ceramics (F13) as a function of heat
treatment temperature.
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Fig. 9. Range of fly ash composition through literature survey.”
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Fig. 10. EDS result of nucleus appeared in the sample (F13)
heat treated in a condition at 950°C for 15 min, where
Pt comes from coating layer on the sample for EDS
analysis.
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