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Abstract In this study we investigated the effects of process variables on the bond strength, and its dependency upon
the interfacial chemistry when we bined ZrO. toughened Na 8”-alumina to e-alumina using B,Os SiQ.- ALOs- Ca0
glass sealant. We observed that bond strength is mainly determined by the strength of the glass, which, in turn, de-
pends on the glass composition established after joining reaction. Joining at 950°C for 15min yielded the highest
average bond strength of 66MPa. Different types of interfacial reaction seem to occur at each interface. After joining at
950 for 15min we found that Ca and Si diffuse much deeper(~15/m) into the 8”-alumina composite than into the &
-alumina(< 1/m) as a result of ion exchange reaction and more effective grain boundary diffusion. Thermal expansion
coefficient of the glass was found to have changed more closely to those of the #”-alumina composite and @-alumina,

which put the glass under a slight compressive stress.
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Fig. 1. Schematic of basic construction of the Na-S cell.”
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Fig. 2. Schematic of the testing jig used for measuring shear
strength. (a) £ -alumina composite, (b)a-alumina, (c)glass, (d)
Cu tab.
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Fig. 3. Bond strength (shear) as a function of pining tempera-
ture.
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Fig. 4. Effect of joining time on bond strength (shear).
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Fig. 5. EPMA line analyses of the various elements in £”-
alumina composite/glass/@-alumina joint (915T, 15min).

7t B -dFulueArn o golA& & 4 Atk oy
T de A=l B&4E o FIEA debdoh
850 C sl & B]F Nao] el &A3] FA3tA &4t
HAe Fitgert w2/ £ -EFov B3 A"l
Na¥Z7} 950°C <) 92 Zo] ¥ vhehydr}. o] Al

& 2noAR AWARHE Ad YHYVGE AL
56k & o}, =3 f-Fod AR TEE AT
E 9249 Mgs FEAUE o= A BAikste] S
& 4 gich. wbde] fAUlAE Cad Siol 2 B~
o} B2 Ak Forke A o= yepdh o]
23 A3 842 aluminoborateA #2lE AHESlY a-%
Sojute} vieldt FojuE HiElde o felo sEldF
ohdzie] HRARAME FFH v} ok f-LFE
B3hAlo) A Ca Sio]l F2 &4atso] Uzt Agle Pl
&4 #Fst o) 950TelA 158 AP AHelA
15mA T ol=nd (28 5), 1150C el 153 Ax+ated
< 7% 30molA e Ao2 FAFH) o9 tfxA o
2 g-gFoe} felAHA A 42 Sish Caol e-¢
2ulJE gAi1gSS 2FEr). o|g} Ze] Cadt Siol e
-gRoituct f-4Fupg B E H4 o dse] &
A5t Sojzt 4 AW AL o3 o] AHEHAA 5
olch. AAZ Car A'-LFot EFAHANA Nadt o]
TEkgEted A@so] Folrby] wgelct dbAo R
Nao] 27} oFolei} o]t &5t wEr X3y
Cag B-¢Fulv} gJAhle) Ax s F&f W2 it
o Soj7kt} % e} Naol&o] Siz} & 47} o] 9
2P AY Brbsd Aoz &=A ok w24 Si
& F2 JAE 539 -2 TR FadE o Eo7}
glg} djatgich FHA) V5 olfRE B-4F oW §
AL} g-2Fovt B} WY o] 2] gEelc. £ A

T T T T T T

1600 - et ; -
{
oe e interface

—~
:I>: 1200 [~ g-alumina | Glass | B"-alumina composite 1
N’
a . .
4 0e® %% oo o 4°
£ st . ¢ % e
& .
=
S Ll
2 400 i
= ®oe

0 L i 1 1 1 ]

20 0 0 20 40 60 80 100

Distance (um)

Fig. 6. Trend in the microhardness of the joint with distance
from the glass interface.

Fig. 7. SEM micrograph of the 8”-alumina composite/glass/a-
alumina joint.
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Fig. 8. X-ray diffraction pattern of the 8 -alumina composite
surface reacted with glass at 950C for 15min ((a)near interface,
(b)in B”-alumina composite ; ~50m beneath (a)).

Fig. 9. SEM micrograph of the nearly 8”-alumina composite/
glass interfacial region found in the fracture surface.
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Fig. 11. Thermal expansion characteristics of the e-alumina,
B”-alumina composite, and glasses (glass 1:before pining, glass
2:after jpining).
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