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Crystallization Phenomina and Vetrification From a Fly Ash With Large Content of Cl
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To recycle waste materials, this work was focused on development of glass-ceramic from incinerator fly

ash with a large content of Cl and its physical property was evaluated. In the process, water washing as a pre-treat--

ment before melting the fly ash was used to remove large amount of Cl component in the ash and to reduce melting

temperature. As a result, glass was obtained at below 100°C compared to the melting temperature before washing the

ash. Also, internal crystallization occurred under single stage heat treatment (at 850-950°C for 20-340min) without

adding other materials into the ash. It was shown that the glass-ceramic was composed of four crystals, diopside, anor-
thite, akermanite, and unknown phase. Hardness of 8.3GPa was found in the glass- ceramic, which is a high value

compared to reported others. Thus, the present process suggests that a good glass-ceramic produced from an incinera-

tor ash could be applicable for structural materials in terms of economic and environmental points,
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ANzE F28 BUE g 3 212~4256 me 4=
arlg ze =4 2 )43t 4E47) (DTA, DTA
-TA 1600, #|=) 2 AAstxe] =& SH3Hch o4
JHA7 e 22 T 10°C/mineE 7] Sl 4 1450°C
72 7hdskich. f-ele] AAHE Hske At fEE

Az F Hopled AeE 2HA GRS 4 A9

o7 8 e Cldeel ¥R Fote]l HAZYH feist # A dY 925

X’Pert APD system, Philips, I @&E) & o]-438lo] 2
A Bdg gtk XRD 2o Cu Kael A& A8
g, FAREZ! 2°/min, AL (202 10~70° 2] He]
7k &5t ek, BAFRE Y AN AR EHe
XRD 2000 =78 (XProcess Program, SoftDisc,
Korea) & AR-83tddct. ZAAstwele] AR 2L #43)
o] v}zl A|HEE 2% HF 44 1 &7 BAlg
Al 16% HCl &dollA 187 FHe] g F A3}
2A}AAgu)7 (SEM, S-3500N, Hitachi, ¥¥) & o4
o Tgg Aot f8 9 AAsRE =

otz 7|WulaylS o] 43te] SHstgion, AxEHL v
A2~ AXA (Vickers Hardness Tester, MVK-E3,
Akasi, &) 5 A4stdo). ojd AxA Q) sFL 3008
22 g, 5o FAAIE 162 E A3kt
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T A2zl e] FAELS Ca0, Cl, NaO £ ojglenut $
Al Foll= Si0, ALOs; Cal 5 olddth FAatE= ¥
52 2749 &4 22 2AL Si0, (2F 20~ 30wt%),
ALOH(YF 5~10wt%), CaO (Y 26~30wt%) Ho= A4F
AA 22 deplo wmgk MgO, PyOs Ti0: FeQs,
Zn0 5] 3-10wt% Z = ok (Table 1). A Fell=
224 e 283 K,0, Na,0, Cl Fo] 8A3) 7+a= .
2745 XRDE BA3 Z, el ZEANEL
NaCl, KCl, CaSC.&= FE FAEHo 9lslew njEke
CaCl,, CaCl,Ca(OH) .H.,0) 7} Webytt} (Fig. 1). 224

Table 1. Comparison of composition of fly ashes and glass (molten fly ash) before and after washing with water

(in wt%)
~ Sample incinerator fly ash glass prepared without after. water washing, glass pr.epared with
Composition washing fly ash incinerator fly ash washing fly ash

Na.O 13.07 222 2.09 1.95
MgO 2.61 7.19 8.21 6.86
AlLQO; 3.20 10.96 9.54 13.02
Si0, 7.30 23.36 21.65 25.77
P.Os 1.72 429 5.68 5.24
S03 9.76 0.14 11.93 0.05
a 21.98 0.08 0.77 0.05
K0 11.21 0.25 0.84 0.29
Ca0 19.50 36.11 25.88 33.04
Ti0, 2.77 6.50 3.75 5.68
MnO 0.24 0.70 0.48 0.52
Fe.0s 1.39 3.36 2.05 2.89
Zn0O 3.02 3.60 4.66 3.57
PbO - 0.06 1.13 0.20
Total 100 98.82 98.66 99.13
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Fig. 1. XRD patterns of fly ashes (as-received)
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Fig. 2. TG of fly ash (a) before and (b) after washing with water
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Fig. 3. Result of DTA (a,b) before and (c,d) after washing ash
with water (a) before washing ash(as-received fine powder),
(b) glass without washing process(- 75~ 45 /m powder), (c) after
washing ash(as-received fine powder), (d) glass with washing
process (- 75~ 45 m powder)

Table 2. Thermal analysis result of glasses prepared by
different process (before and after washing ash)

Temperature ('C)
Samples
Tg Tuz TnZ TI
(a) before washing ash x | x| x |1350
(b) |glass without washing process| 700 | 886 | 895 [1266
(c) after washing ash X | x | x 11250
{d) | glass with washing process | 700 | 885 | 895 {1263

*where T, means the glass transition temperature, T, the
onset of crystallisation peak (2nd) temperature, T,2 the
exothermal peak (2nd) temperature, and T, the liquidus
temperature.
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Fig. 4. Surface morphology of cast glasses heat treated at 850~ 950°C for 30~240 min
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Fig. 5. XRD result of glass-ceramic as a function of tempera-
ture (a) 850, (b) 900, (c) 950°C for 60min
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Fig. 6. Microstructure of glass-ceramic heat treated at different temperature
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Fig. 7. Density of glass-ceramics produced under several heat
treatment conditions, at different temperature for 20~240min
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Fig. 8. Hardness of glass-ceramics before and after crystalliza-
tion at (a) 950 (b) 1000 (c) 10507 for different holding time
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Fig. 9. A schematic diagram representing overlapping nuclea-
tion rate (N) and crystal growth rate (G) curves leading to one
stage heat treatment
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Table 3. Comparison of the physical properties of glass-ceramics obtained by recycling incinerator fly ash

Crystalline phases ?ge/rli?; He(?;r:;:;zz:ec/cirillfgon CTE*(x 107%/K) Hz(aéd;;ss Reférences
Pyroxenes 2.89 950-1000°C/1-10h 6.5 7.9 3
Akermanite 2.95 1050°C /15min 9.7 5.1 11
Diopside 2.76 870°C/1-16h 8.95 6.7 12

Diopside, Akermanite 3.33 850-950°C/0.3-4h 10-11 83 Qur Work

*CTE : Coefficient Thermal Expansion
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%ig ﬂ'i}%cﬂ 568Wt% TiOz, 289Wt% F6203,
524wt P0s 7} FAlol Hodgl o2 Halt) F AA
& Fiste AHIAR YA AR EFE 2o} A
A2} Bl osted R YA S S Pl PJo 2 B
T ek el A AHYS} 7T Aol Ca0-Si0- Al
Os Ald g8l 28 843 2HF YA} NA el zg
v A QREAL R AL FHER] oo}l A o]
FoiA Ao},

Table 39 A3+ £ AT S A 2 7
< FHsle 2 AT Ao} u|my oo}, FelAg
A9 shtel AxE Ax, BAASe) vy AAS 3
LE2 2 AZE T WrtRATD 52 Ar QEE o
% 7 otk EAIAAA Y 2L Uebd, A9, 1¥
Aol wep o] Wl HEHel fale AR =
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