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ABSTRACT

For improving abrasion and acid resistance of tiles, glass-ceramics are recently introduced as a new glaze to tile industries, The glass
composition used in the present work is closed to Ca,ZrSi40), phase. The pulverized glass (CaQ-ZrO,-5i0,) powder was sintered by
microwave heating (245 GHz) in temperature range 900-1200°C for 0-20 min. The results showed that internal crystallization
occurred above 1000°C and the three crystal phases, Ca,ZrSi 0., CaSiOs, and SiO, appeared in the microstructure. The sintered
composed of a major phase, Ca,Zr$i,0,, with fine crystal size (5 um) were dependent on the glass powder size. In case of fine powder,
the sintered showed higher shrinkage and lower porosity than those of coarsc powder. As a conclusion, the microwave sintering is a
rapid heating process finishing crystallization process within about 10 min at 1000-1200°C and makes uniform volumetric heating for
the production of a new glass-ceramic CaO-Zr0,-5i0, systeni.

Key words : Glass-ceramic, Microwave, Crystallization, CaQ-Zr0»-5Si0,

1. M = '354“ AR o] Abgol R /AAS frell o]gEo] &
o-2 mlelazsE o) gdle fE7F 2FsEE AL R
AR R 7} AR At ARE ohekgt 580l &5 QeE wME T2 449 F ) o) nlel=
ARSI e, Hode Bdg feke g FHsRest 295 olgsty fIY Z2ZRPEE 2AY $ = p?
By vl gelaola Fait 93 9ok AAs-se Borosilicate 2], -4z wzojA Hg)7l #8, lithium
9] A Zoll= Y, FelERe] Ay &4 (sol-gel) B o] aluminosilicate 52, sodium aluminosilicate 2], 3 #H 7]
AMEE 5 9l o]Hsh T HE AFd elEHTE 5 ol fgdl tig rlelmEs 24 o FAo] 71EY T
o AMgEE AR feke] 28 REATH. &) A2k fele AFAHE AejA AFs] IEY, mlo]
Moz QrYsiy, FoF FHe] iy JrkRAd-e 7RI, AZu AR E ALgshe S 5 &2 A7k 24
7]74]7‘4& BEIF =& 54 52 7HAoF 3 BAA & & s A7]Z @3] AR Atk FloE 2EA
oM Hd3 dAggFAd oz vl F=EsE 3l Al >
| AAnojob g} HZol| rHgat A4 FAe mho] nlo|ZEHRE AMET ZA SR B3I BaO-

—1178—



vlolA=2 ) 4g] &J§ CaO-Zr0,-Si0A 243 fele] miA = 179

Ca0-ALO;-Si0,,2 1i,0,8i0,," Ca0-710,-
Si0,,” AI7E ZAES grort o5 AT Bl mlo|a R}
g |83 feElg 2dAAF e Z2HS @l g
A7 At 2] Y & % s A Bl f
0 24, Ca0-Zr0,-Si0-(CZS) A2l 715432 oln] A5}
93\31,}, vlola=zste] o3t fele] AAgAAel) tig A&
Al A7 dH Hol AT 53] v EHEE CZSA Y
Ao et vo|A=R o] 47 @e] ATofA] LA 9
L&A RAAG QAR A2t dALEET =2
25E o]88le 2l AAEE AR sale] BA7)
AP 7 olfe SE EAAANA sRst A AlHo
A7 HES 258 24siojol dedx H%‘éﬁ /M
o] 9] FEo)| QFo} F EE (7S 2 & AH
EX I Yol ANE HEANA 24T 7%;% g 2=
Aoz oxrt wAlsle] AARE R} W UrE}L
oz EK} b A 2uE ukﬂﬂs@% A &
CzsAlel WFk 2= A Ed &3 gz@%a.,] 17
2o Fxe} ARl Ao e BEs R
s,
B oo BEXRE mlelaRdE o]La}d cfﬂo_zloz-Sio2
A felEy] &g ejsid AARsEe 3 Fol dojuvt
g vlAxATEQ] SHANA felide] 28T

T T

s B,

ALO;,Si0,,%

rcl'

r e
rel sl e lo

=

B

ﬁu

ruiru rlr

2. Aladhy

R E(56% Si0, (99.6%, Aldrich, USA), 28% CaO
(CaCOs, 99.95%, Aldrich, USA), 16% Zr0,(99.5%,
Aldrich, USA) (wt%))Z Pt-Rh10 wt% 7] do A
712 1500°CZ 3K Bt S-§A1FTH 55 £
Yol FYAIT & fEE 4en, o $8E v"‘ 2=
Barm ghEQh Az ol 400014 (38 um)i xﬂﬂ =3k
A B (<38 pmyd FAED (45-150 pmyg ATk
2L mlo|ART(245 GHz, HWAZH1.5 KW, Ceramic
Engineering, Warragamba, Australia)s AF8-8}<] 900, 1000,
1100, 1200°Ce A 0, 5, 10, 2087k 7t} old AL
H A FZ7]E 95X20 mme]™ CIP(Cold Isostatic Press)
2 AF8IAF Az, AL AA 15 KweolH, vheE
HEU\M]L 750 W, 22|37 HEenw Tuajde ok 112
Kweg Z3Fstder z 22 fxAloe <F 500-600 W
7t & E]EE"— FEow FTIFEl 2n-F XA 25
242 AHEeEe] 37 0.5 mm F7]9] FHE ol ¢F

vjrle] BFe] LA (Nicrosil/Nisil (type N)YE 45k
A e=E FEs] SHsA. e Aolex (Tyst 2
Al AFRE (T)e 979l 38 um ¢35k &g ti7|&
A7l 10°C/min®] $e/3AEEE A RFEEA )
(differential thermal analyzer, DTA1600, TA Instrument,

USAYE ARgsld &gstoi). elal &A1) 2842 X
A BHEEA (Cu Ko, Rigaku)y2 stgict, Avks o3 4%
HF&9) 8led FALH RS WA (scanning electron micro-
scopy, SEM., Hitachi $4500, Japan)Z L Al 7ZE &zt
3ttt EDS(Energy Dispersive Spectroscopy, EDAX-Ox-
ford ISIS 300, UK)7} &&E SEM (Hitachi $4500, Field
Emission SEM, Japan)S ©ol&3l5th &4 AlHe] d%
= ol=27)db L) feE ARl St

3.4 2}

F e °?4%%91 SEHDOIAN & A
Table 1°ﬂ velt ol ME o 4E vhg 33 25
VeERf . ol2d d@42 felrTy ZHd e ¥
zpole] elsted I AA S Hido| AujHERl HeE E
Aok, EZ =AY Ty, T, (@ARE) F AWAL FHA
FEite-2 77 21 235 71AWY f@F)e &6
of #d@d Ae= +E} Table 12 7€) fE]9] &2 715
2Ee el EE (T)9) wEvHs A2k (T)el A
BB R, = u]xﬂ—‘:r'-ﬂM 738 770-940°C (AT=190°C)}
£ 800-970°C (AT_17O °C)el Y 77k o]
&% 5 ,,1914. BF23z]o] wE A= gE dEvl=
249 #27t 2guke o8 FHEAE

J-EM wlolzzsle] 1o fElEEe] 71EE dxe
of we} =-AI7H] FAFAH] tEA vEpstent
(Fw 1) %1"?‘4___% YR A3t Aujde® st 47
S zhe= 22 HAFYoHFg. § F=F). &2 £ A
, 9F 500°C 2x7kAE AAs] $7HERl et 500°C 2
ﬂl/\i FE=HA 2wt SviEiew oje) T AL oF
900°C F-ofla] & doj w3 g oz mlM 2w
9] ALE 2k 900°C FZollAgt F3AH L 2ikeo]
VeRtthFig. 1b). olAH F248E 2eibee &9 €
24} (thermal runaway)e] @4l 2]3le] dojd o=
T 2=vt o] fE2Ae] YARETYL "tk F £
Z71e wlek thE 2= - A7k AFTAAE ul/ﬂl%ﬂ:‘é‘fﬂ]*
Aeofal Fbite] dou] ghz @] gt Eve
o ZME oJHL: AR Mulom Fig. 20] A8ES T
stbd SAEE(loss tangent)’t A AGE A= oLt

_I.E‘UE‘
b o

ﬁ,
Et oo

Table 1. DTA Data of Fine and Coarse Glass Powders
Powders (um) T, T, T, Ty T
Fine (< 38) 770 940 997 1230 | 1380
Coarse (40<>150)| 800 970 1040 | 1230 | 1380

T, the glass transition temperamure,

T,; the crystallization peak temperature,

T): the liquidus temperature,

T,: the onset of the crystallization peak temperature

Al 37 A 12 32000



1180 A4XY -

G9505 Temp
1200

1000

800

200

mmmmmmm

——————————————

x100sec

F1120 Temp
1200

(b) M

_ /

200 1

Degree C

nnnnn
————————————————————

x100sec

Fig. 1. Typical thermal gradients for isothermal heating.
(a) al 900°C for 5 min and (b) at 1100°C for 20 min.
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Fig. 2. DTA and loss tangent curve® of coarse glass powders
(heating and cooling rate 10°C /m in air).
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Fig. 3. Densification of sintered samples prepared by

microwave sintering. (a) coarse and (b) fine powder.
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Fig. 7. XRD result of sintered samples at each temperature for
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Table 2. Phase Analysis of Glass-Ceramics under Different Heal
T reatment (for coarse powder)

Temperature | Time . . Unknown Phases
CC) (min) | C22540 | CaS105 | hg_n5 ¢ 9759
0 Glass
5 VS M VW
1000
10 Vs MW VW
20 VS MS AA%Y
A W VW
5 A M VW
1100
10 Vs MS VVW
20 A MS VVW
5 VS VVW M
1200 10 VS VW MW
20 A VW MW

Where, VS=very strong, 100; S=strong, 80; MS=moderately strong,
60; M=moderate,50; MW=moderately weak, 40; W=weak, 30; VW=
very weak,10; VVW=very very weak, <10, ranked [(rom visible
estimates of intensities.
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Fig. 8, SEM microstructure of etched sample sintered (for 10 min) using microwave sintering. (upper) coarse powder (lower) fine powder.
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