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ABSTRACT

This paper presents results and observations obtained from a study of sintering behavior and crystallization in Li,0-AL05-Si0,
(LAS) Glass by screen printing method. The variable experimental conditions were determined carefully by Thermal-Mechanical
Analyzer (TMA), Differential Thermal Analyzer (DTA) for setting the optimum transparent sintering conditions in LAS glass system,
10.5Li,0-14.7A1,05-58.18i0,-16.7B,05(Wt%), such as glass-ceramics which usually have low crystallization temperatures. Cry-
stallization glasses generated during sintering was observed from diffraction patterns by X-Ray Diffraction (XRD), transmittance by
UV-Vis spectrometer. Finally, the optimum sintering condition of LAS glass and the relation between factors and results in several
sintering conditions were given by using Response Surface Methodology (RSM). From this study, we confirmed that crystallization
interrupted densification during glass powder sintering. Furthermore, we observed that main effect of factors in glass powder sintering
with concurrent crystallization depended on experimental conditions from main effects plot by MINTAB-14.
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Fig. 1. Schematic diagram of crystallization interrupting densi-
fication.
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Fig. 2. Schematic diagram of optimum sintering condition of
glass-ceramics.
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Fig. 3. Schematic diagram of experiment procedure.

Table 1. Thermal Property of 10.5Li,0-14.7A1,05-58.18i0,-

16.7B,0; (wt %) Glass
GlE.IS'S Deformation Crystallization Crystallization
Property transition oint (Td) onset temp. peak temp.
point (Tg) P (Tx) (Tp)
Value 521°C 572°C 683°C 792°C
oF &FA1A & fol o FEE A=A AxH
FEE ol BT F, sieve #300)0] TAAA &
o]zl Burg ulelrye} 2:1 H|E& 2 EFs}e] pasted} AlZ
. 99 pastes YeEA 2 FA4EEH S A 10omx
o]

10cm @Fuv 7183 &8 7B 22 FAR 72
screen-printingdted A|H-S A Q3 F, Table 19 Yeplid
zpzrol L9} AlZtel| uwhzt ZF A|HE HI|ZoAM EA
2t

22. 28583

Glass frits®] f2] #o]&5(Glass transition tempera-
ture) ¥ 3} =(Deformation temperature)= 10°C/min®]
22452 TMA(Shimadzu TMA-60)E HZ8197, A4
3} 7AA R (Crystallization onset temperature)t Hol 274
3} X (Crystallization peak temperature)x= 10°C/min®]
%2&5 2 DTA(Shimadzu TG/DTA-60)2 2339 th 1
A2 ZAAE ANHe AANE #E3] s XRD
(Rigaku. Cu Ka, 25KV, 30mA)= 4°minZ= 104 80°
7] 238tk AlHe] YEE alumina substrate $19
ZEYH AHE lemx1om®E FY8HA Ahdted  Archi-
medest o] W2l ES A2 A3 (2)9F 22 W
o= JiE= e dch
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Table 2. Factors and Levels of Selected Sintering Condition of
Glass Frits

Factor X; (Sintering Temp). X, (Sintering Time)
A A, By B, B,
600°C  650°C  700°C 60min 120 min 180 min

Level

p,(sample density)
ps(full sintered density)

Relative density =

AN pr= S AL AR 2R, pE 7 27
o Ao dxlald AW "ot} AHe] FHEE UV-
Vis spectrometer(Agilent8453)0ll <]3] =4€ 589 nm @<=
ARE-EFA T

2.3. Response Surface Methodology (RSM)

274 33 F s F89 A FA s
3 xdsl Ao nHE g ATE FA Y
9] Minitab-14& AF&-ste] B7hatsich AF2 &4 W9
o7 s EE I oY AT wkean e 74
A% BAS ZgeA FHst dAS 2Fstete] HH
3 5 gy 248 2EY F-4F Hinkelmannt Kemp-
thomneo] &3] At (3)2] F7A4 D] &t wHEEAR
g ol &t

k k k
Y= Bt ¥ Bt P+ B tetna . x) )
i=1 i=1 i<j
A7 A, x Mg dF e vEe g 8 BT
linear, square, interaction regression coefficient Ztol™, e
= error Ftolth ol H¥eMe MF i B =9 A
ko2 T3 M9 E Table 29} 7o) A3 o]HF
w oz Jdojx AHRE EHE(Surface Ploting), ¥H8 3
23} = (Response Optimization) 28] 3L F & 7% (Main
Effect Ploting)Z o] &3t A9 2AE& 2 w3t
AR ] AntEel #AAE I RS

.Y IFE
ol AF A U fIY FF AL #FF 2
7 Table 13 28 AFE 45 F UNUTh Fig 49

fo "

o
TMA ZH2EE FA0) 25 (Tg), A2 E(Td)= Tg=
521°C, Td=572°C9& #&5E + AN Fig 54 DTA
AzzRg Ag 2Rs &5 (Tpe 792°C, 27338t 7AA
LE(Tx)E 683°CYS Flstdn). o3 AHAZFH
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Fig. 4. TMA curve of 10.5Li,0-14.7A1,0,-58.18i0,-16.7B,0;
(wt %) glass.
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Fig. 5. DTA curve of 10.5Li,0-14.7A1,05-58.1510,-16.7B,0;
(wt %) glass.
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Fig. 6. XRD patterns of heat-treated glasses at each temperature.
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Fig. 7. Transmittance changes of screen printed glass samples
heat treated at different conditions.
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Table 3. Response Surface Regression Analysis of Variance for Relative Density

Source DF Seq SS Adj SS Adj MS F P
Regression 5 0.040378 0.040378 0.008076 34.07 0.008
Linear 2 0.008333 0.008333 0.004167 17.58 0.022
Square 2 0.030444 0.030444 0.015222 6422 0.003
Interaction 1 0.0016 0.0016 0.0016 6.75 0.081
Residual Error 3 0.000711 0.000711 0.000237
Total 8 0.041089
S=0.01540 R-Sq=98.3% R-Sq (adj)=95.4%
Table 4. Response Surface Regression Analysis of Variance for Transmittance
Source DF Seq SS Adj SS Adj MS F P
Regression 5 2153.49 2153.49 430.698 79.35 0.002
Linear 2 294.94 294.94 147.471 27.17 0.012
Square 2 1781.11 1781.11 890.555 164.06 0.001
Interaction 1 77.44 77.44 77.44 1427 0.033
Residual Error 3 16.28 16.28 5.428
Total 8 2169.78

$=2.330 R-Sq=99.2% R-Sq (adj)=98.0%
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Fig. 9. Surface Plot of transmittance according to time &
temperature.
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Fig. 10. Surface Plot of relative density according to time &
temperature.
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Fig. 11. Response Optimization for relative density according
to time & temperature.
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Fig. 12. Main Effects Plot for relative density according to time
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