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Abstract Two types of CaO-ALO;-SiO, (CAS) glass powder applied spray coating on the surface of sintered AlL,O; were
researched for sintering behavior; (1) Si-rich, glass containing high content SiO,, (2) Ca-rich, containing high content CaO.
Foaming of bubbles remaining inside the Ca-rich glass was produced at a viscosity of approximately 10'~10° poise,
resulting in decreasing shrinkage (interfering with sintering) and increasing surface roughness. In case of Si-rich glass, there
was no serious foaming bubbles phenomenon like Ca-rich below 1000°C, however cristobalite crystals with low density
occurred at 1200°C and then produced re-foaming of bubbles, resulting in abnormal sintering behavior. These phenomenon
is considered to be a decrease in viscosity due to an increase in the Ca content of the glass according to the formation of
low-density cristobalite crystals. Therefore, in case of CAS glass, it is necessary to consider the increase of surface
roughness and the sintering interference because of foaming bubbles phenomenon at low temperature sintering. Especially,
when containing high SiO, content, abnormal foaming phenomenon due to crystallization at high temperature should be
predicted.
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Table 1
Glass compositions and Thermal properties of Ca-rich and Si-rich

Thermal properties

CAS Glass 3 12
Ca-rich Si-rich
SiO, (mol.%) 429 59.8
ALO; (mol.%) 9.1 14
Ca0 (mol.%) 48 26.2
NBO/O (%) 36 14
CTE (050300 95 6.1
Tg (°C) : 10" poise 800 827
Tdsp (°C : 10" poise 827 864

Half sphere temp (°C) : 10’ poise 1030 14007

Wolth. Ca-rich §2]E 48Ca0-9.1AL,0;-42.9Si0,(mol. %),
Si-rich 2] 26.2Ca0-14A1,0,-59.8Si0,(mol.%)°] %
e Zreth, f2) Aol SE(T), ASK(T,,) 2 IHF
Al9=(Coefficient of thermal expansion, CTE)= &7]7|
£497](Q 400EM, TA Instruments, USA)Z =733t
2]9] W 2% (Half sphere temperature)= 21|
ZA(HSM 1400%5008, Misura, Italy)>-2 =3It}
g219] ZAAst 2= AIRFEEAH (Differential thermal
analysis)(Simultaneous, TA Instruments, USA)S.Z &}
st

28] 2E2 Si04(99.9 %, Kojundo, Japan), Al(OH);
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Fig. 1. Shrinkage rate of (a) Ca-rich and (b) Si-rich glass coatings
according to sintering time (%).
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Fig. 2. Surface Roughness of glass coating according to sintering

temperature and time (a) Variation of Non-isothermal surface rough-

ness of Ca-rich glass coating, (b) Variation of Non-isothermal
surface roughness of Si-rich glass coating.
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Fig. 3. Surface microstructure of Ca-rich glass coating according to sintering temperature and time (SEI x3000).
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Fig. 4. Cross section microstructure of Ca-rich glass coating according to sintering temperature and time (BEI x3000).
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Fig. 5. Surface microstructure of Si-rich glass coating according to sintering temperature and time (SEI x3000).
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Fig. 6. Cross section microstructure of Si-rich glass coating according to sintering temperature and time (BEI x3000).
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Fig. 7. (a) HTXRD patterns of Ca-rich glass frit, (b) HTXRD patterns of Si-rich glass frit, (c) XRD patterns of Ca-rich, Si-rich glass.
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Appendix

Ca-rich, Si-rich §2]59] Non-isothermal crystalliza-
tion kineticser Jotete] 24 A AsS Iskith
Ca-rich, Si-rich glasses frit®] Tg-DTAS &3¢ o &
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o]& F3ll activation energy(E.)2} pre-exponential fac-
tor(vyS AlXFete] Table 39 JERASIE.

sk, 2 49] YERH Augis Bennett equationol] T
DTA 23%ke 28417 Avrami n 3 EZ3I3ih o]
g AxE 5 H59 Carich frit n®] & 0.76~
0.74, Si-rich frit?] n®] & 0.85~1.11°] =ZHAtH
(Table 3). Figure 3, 50014 &<13t ule} vpx7IR|2 Ca-
rich, Si-rich &4 RET Il 24 AL s,
EHAASIT Lodti[22-24].

ln[%J = If_”lgp + ln[%} — Inv : Kissinger equation (3)
2 £ (K/s), R: 714 2347(8.314 J/mol*K)

Ty 2R3 93 25(K)

E.: A48} Al 243} oA (J/mol)

E.: In(Tp/o) — (1000/T,)

v: Pre- exponential factor

g

Table 2
Crystallization peak temperatures (T,) of the Ca-rich and Si-rich
glasses at different heating rates (°C)

CAS glass Ca-rich Si-rich
Heating rates (°C/min) T, (°C) T, (°C)
5 1043.98 1015.16
10 1066.54 1036.47
15 1084.99 1050.75
20 1095.57 1060.18

Table 3

Calculated activation energy, pre-exponential factor and Avrami
parameters n values of the Ca-rich and Si-rich glass from
Kissinger and Augis Bennett equation

CAS Heatir_lg rates E. Ino v n

glass  (°C/min) (kJ/mol) (min ")

Ca-rich 5 374.665 28.10731 9.66052E+13 0.73
10 0.68
15 0.66
20 0.74

Si-rich 5 416.035 326.8624 1.12662E+16 1.11
10 0.85
15 0.99
20 1.00
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ATE.

Avrami n n=2.5 : Augis Bennett equation (4)

AT: Full width half maximum ¥v7FE(Teym)
n=1, 1229 24 &, n=2, 23443 24 A4
%, 0<n<3, ¥ #%s}

#Ale| =

o] AFE F47IUH(SMBA)| S5k QeI
300 ZRAE AF7RER&D) AL I A=A
[Z2AE o]F: w=At2ZY o] Az HHE 600phi
o] Al A} FE L oAt o] ZiwE RE
off tigk Fet=ut Wade] FHAE e .
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