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Abstract The influence of CaO addition on the crystallization temperature, crystal types, and microstructure of L-A-S
(Li,0-AL,05-Si0,) glass-ceramics system fabricated from a coal bottom ash, produced at thermal power plant, was studied.
The glass transition and crystallization temperatures were shifted to the higher temperature position with increasing CaO
content in a non-isothermal analysis using a DTA. The major crystalline phases of L-A-S glass-ceramics system produced
were identified as B-spodumene (LiAlSi,O;) and eucryptite (LiAlSiO,). The glass-ceramics showed a bulk and surface
crystallization behavior at a time. With increasing CaO content, the -spodumene peak in XRD increased and some CaO-
related phases were formed. The surface crystal grown from the exterior to the center in glass-ceramics showed various
shapes by amount of CaO added. Some cracks were generated at the glass-ceramics containing CaO above 9 wt% due to
the mismatch of thermal expansion coefficients between a f-spodumene and CaO-related crystal phases.
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Table 1
Composition of raw materials

Sio, PO, ZtO, TiO, ALO, FeO; Na0O KO MgO CaO0 MnO Li,O
Calcined B/A* 586 0.1 0.4 1.7 239 104 03 0.6 1.0 2.8 0.1 0
BL10' 527 0.1 0.4 15 215 94 0.3 0.5 0.9 25 0.1 10

*B/A = bottom ash
"BL10 = bottom ash containing 10 wt% Li,O
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Fig. 1. DTA plot of glass containing various CaO content. The
symbols, ¥ and VV mean a glass transition and a crystallization
temperature respectively.

Table 2
Glass transition and crystallization temperature at different heating
rates

T, (K) T, K)
BL10-C3 785 941
BL10-C6 792 957
BL10-C9 795 982
BL10-C12 799 995
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Fig. 2. XRD patterns of glass-ceramics with various CaO contents.
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Fig. 3. Microstructural observation for the interior part of glass-ceramics containing various CaO: (a) BL10-C3, (b) BL10-Cé6,
{c) BL10-C9 and (d) BL.10-C12.
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Fig. 4. Microstructural observation for the crystals grown from a surface of glass-ceramics containing various CaO: (a) BL10-C3,
(b) BL10-C6, (c) BL10-C9 and, (d) and (e) BL10-C12.



Effect of modifiers on the properties of glass~ceramics containing coal bottom ash 57

8- Fig. 39 vebd WiaA = @] Ca0 #71ekol
wet tfst JelE 1ok 3 wi% CaO7t H7ke 2
A3t fel(ae, EHAMEEHRER] 92%) 240 HAE
7] ARl Al QBRI 2E2EE VR R d)
%, 77 (dendrite) Bk 2 ARSI A AAEH o
7 7lto g me worel ARS Al Hgd A3}
NAA7F Sz, o] gl vehb= 2 (latent heat)
o] F uj Uehdth & 24 A% 2ot mig- =1, o]
of wE wEgo] AW, WAH Fe wa) WEEy) 9}
of BlEHAAo] Yo x4 AAo] A E= Holuls].

CaO7} 6 wi% 71 Al DRI APH x4

7ol AAEALE 28yt CaO H71HE 9wt
o] At(c), FHAAL oY Wom AFSNUL A
ol Aolx oF 10um AEE HwA 3ZX U
CaO7} 12wt% 7 AJHe] ZH4ade 390 wet
FAVEel AA A F(d) B T3 dApE 539
e A(e) ToE theFsiA YeRsT)

T ¥ =R UeERA] EUAT, CaO7t 9 wi%
ol H7FE AlHAAM FEAHOT cracko] 347“5]04‘:}
°]& B-spodumene, eucriptite L& CaOol] HHH 2
s e 9 A Aol 2dle] sl A
o7 A7iE

oide] XS 3, L-A-S AloA] & ExJo] 94
g B-spodumene®] HFEL 0|7] sl CaO H7}
7F HEE AL & S U ok, e g Hrked,

CaO ¥ o] S8k B-spodumenete] B3 A4

Zpo| 2 1% FEo] U WA 4= IS I B A
TollA Alxd A4t 'rr?/]oﬂ/ﬂ*‘: WA o xHEA
o] FAl WAEPerng, ¥H AAE Wsl 3Y
g i AAsle] 2es l.':°]7] fleliA ake 2dst o
3“4]1]7} A7k AAs f8o) Azl BHE AT

b B asry Az,

2 88 2 Mg H}‘j’?ﬂoﬂ Li,0% CaOE 2]

WE 2EoA gg3k] vAAY
gle] feE At A, eﬂﬂe g3l AAst f A
e AU Ca02] Hrhge] S7lsha, fal Ao
A3 283t vt A0 7 olFElen T@"é*o@i
B-spodumenc®} eucryptite 712]3L k7] CaO & A

—

o] AT}, Ca02] H7bge] 716l B-spodumene
3} eucryptite®] XRD 3 =7t EopA] Al YH-A74 2
P2 27 g B ARgol mokdth A4St Al

Aol U weko g st T A4S iR 424
FHE 2 Wor}, CaO A7H] ule} teoket Hes v

AT}, CaO A7HEo] 9 wi% olAke] ATelN= AR &
do] #HAE % d%+=dl o]+ P-spodumened CaO
W AR e dEiAA zfolo] &gk Zlo® A7bd
th L-A-S Al frElell CaO 7ot 371 A-s 3 74
AL ES3ttbA, B-spodumene A& Eo|HAE H#U

H L
@O 20 Be U 5 9 Aoz e,

H#HARR| 2
Eo=Rel 20099 A7|gn wf dukakA] A9

o ofa) 4= LU,

E

I
o
ror

i

[ 1] S.U. Shin, S. Kumar, T.U. Jung and B.W. Shin, “The
strength and characteristic of PCC bottom ash”, J. Kor.
Geo-Environ. Soc. 8(2) (2007) 57.

[2] D.U. Lee and Y.S. Kim, “A study on the strength prop-
erties of concrete containing bottom ash as a part of fine
aggregate”, J. Architectural Institute of Korea 22(6)
(2006) 79.

[3] Carlos P. Bergmann, “Sinterability study of ceramic
bodies made from a mixture of mineral coal bottom ash
and soda-lime glass cullet”, Waste Manage Res. 25
(2007) 77.

[4] C.T. Kniess, C.D.G. de Borba, E. Neves, N.C. Kuhnen
and H.G. Riella, “Obtaining and characterizing Li,O-
ALO;-Si0, glass-ceramics using bottom ash as raw
material”, Interceram 51 (2002) 140.

[5] S.J. Jang and S.G. Kang, “Microstructural analysis for
hybrid materials composing of nepheline crystal and
glass matrix fabricated from coal bottom ash”, J. Ceram.
Proc. Res. 10(1) (2009) s59.

[6] S.G Kang, “Microstructure of glass-ceramics made from
bottom ash produced at a thermal power plant”, Kor. .
Mater. Res. 19(2) (2009) 95.

[71 Y. Masauki, “Glasses”, Translated to Korean by W.H.
Kang, et al., Chungmoongak, Korea (2202) 34.

[8] M.F. Berard and D.R. Wider, Fundamentals of Phase
Equilibria in Ceramic Systems, p.25, R.AN., USA
(1990).



