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Abstract: Glass base sealant is required as a ceramic-ceramic joining material between a-alumina insulation cap and
B-alumina electrolyte tube in the development of NaS battery cell package for electrical energy storage system. The
fabrication of glass frit by thermal quenching method, phase analysis, particle size analysis, coefficient of thermal
expansion and surface roughness according to the glass compositions were analyzed for the fabrication of glass sealing
paste for ceramic-ceramic joining. Also, a new evaluation method of the adhesion strength of glass sealant at the small
area in ceramic-ceramic joining component was proposed using conventional Dage bond tester that was used to measure
the adhesion of solder ball joint.
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71& oA o] % Bl F o] 22 A (lithium ion battery: LIB)<}
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Fig. 1. Schematic diagram of Na$ battery cell with (a) Cut-away view® and (b) enlarged view of ceramic-ceramic joining area.
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Table 1. Chemical compositions of sealing glass frit powders (wt%)

ALO;, B,0s, Bi,0; 2 MgOE, ©4F¥ (carbonate) o A
g

Na,CO; ¢ K,COs 5 AHE-3FSI AL, 7H2E o+t Y E=(Dso)7H
1~2 pym, =5 ASHE £8-2 >99.9%, B £

=>99%°] Jele YRS ARSI T T E Y5 Table
19] M2 AlZFste] of gh-&(ethanol) &7 & 375t
122750 2 (ball mill)2 E35t5ich B3E <ee
(slurry)= QB0 Yol 85°CollA] 6A17F A X3 v, it
2 Ea8te] ¢ =30 mm Z7]¢] AlQj o2 vHEo] Wi
71 (platinum crucible)el] 2] A 1,600°CN A <F 2A] 7F
FAIZITh o] % FYaA H& 222 &5l (glass melt)
£ 2H|l# 22" E(stainless steel roller)ol| A k& 2]
PR gFeta, dolo] AF2-2] = (deionized water)

=
Ly
-
&

Eg o]l I7F A (thermal quenching)sle] &2~ &
#lo] A (glass flake)S =T FEts o)

2 12} &2l (hand crushing)$t Ths A 2340} jardl] A
23Yo}l B3} e £33} planetary ball mill
(Pulverisette 5, Fritsch)2 1A 7F 2] 3te] AZFTOZH

St BES Azt

olZA dojzl ZEhs B2 XA B3] A (Xray
powder diffraction method: XRD)3} FAPH A& w7
(scanning electron microscopy: SEM) % ¢ =F4]7]
(particle size analyzer)= Z}z2} A3 2434 2 ¢
AA71E A s Az Fekso] AZA

(coefficient of thermal expansion: CTE)E &% 3} 7]
of ek 8ol 2% PVA vRlH 48918 7131 100

TTo T =
mesh?] A E (sieve)E AM&-3te] 1) &3 granulating) 3+

Glass code SiO, AlLO3 B,0;s Na,O K,O Bi,04 MgO Total (%)
Gl 35-40 25 20-25 3-8 1-5 - 2-7 100
G2 35-40 20 20-25 3-8 1-5 5 2-7 100
G3 35-40 15 20-25 3-8 1-5 10 2-7 100
G4 35-40 10 20-25 3-8 1-5 15 2-7 100
G5 35-40 5 20-25 3-8 1-5 20 2-7 100
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Fig. 2. Process flow chart of glass paste fabrication.
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Fig. 3. XRD patterns of thermally quenched glass frit powders.
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Fig. 4. (a) SEM micrograph and (b) particle size distribution of the planetary ball milled glass frit powders.

Table 2. Glass transition temperatures and thermal expansion
coefficients of the fabricated glasses

Glass code Gl G2 G3 G4 G5
Tg (°C) 803 760 722 672 649
CTE (ppm/°C) 3.44 3.70 4.04 4.20 5.08
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Fig. 5. Surface roughness of glass paste after heat treatment at
850°C.
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(a) Schematic illustration and (b) measuring scene of the adhesion strength of ceramic-ceramic joining using Dage bond tester.

Fig. 6.

Table 3. Adhesion strength of glass sealants evaluated by Dage bond tester

Sample 1D G5-1 G5-2 G5-3 G5-4 G5-5 Average
Adhesion area (102 cm?) 6.88 6.69 6.56 6.97 6.83 6.79
Fracture force (N) 49.97 49.57 50.05 49.68 48.61 49.58
Adhesion strength (MPa) 7.25 7.40 7.62 7.12 7.11 7.30
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