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The Effect of Interfacial Structure on the Bonding Strength in Al,Os/STS304 Joint

B. M. Kim, C. Y. Kang, and S. L. Lee
Department of Metallurgical Engineering, Pusan National University, Pusan 609-735
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Abstract . Joining Al:Q; and STS 304 stainless steel by active metal brazing method with using Cu-
10wt% Ti and Cu-7.5wt% Zr insert metal, their interfaces were analyzed and strength of the joint
brazed with Cu-7.5wt% Zr insert metal also investigated with shear strength testing method. In brazing
with Cu-10wt% Ti insert metal, the single reaction layer was formed by the reaction with Ti and Al,O;
at the interface between Al;O; and insert metal, but the double reaction layer was found in brazing with
Cu-7.5wt% Zr insert metal because of the difference of their wettability on the surface of Al,O;. Frac-
ture shear strength about 86MPa was obtained from AlLQO:;/Cu-7.5wt% Zr/STS 304 stainless steel joint
and reasonable strength of the joints is attributed to the formation of double reaction layer at the inter-

face.
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Table 1. Bonding Strength of Al,Os; to metal joints at room temperature

Ceramics] Metal Boind Bonding Conditions Results Ref.
method
Pt : (1823K, 100s, 0.03MPa) [FB 250MPa]
Pt. Fe Fe : (1647K, 100s, 0.07Mpa) [FB 220Mpa]
Ni, Cu S Ni : (1623K, 1.2ks, 0.148MPa) [FB 200Mpa ] ’
Al’ Pb Al : (873K, 100s, 0.736MPa) [FB 95MPa]
’ Cu : (1298K, 900s, 0.148MPa) [FB 153MPa]
| Pb 1 (563K, 120s, 0.98MPa) [FB 56MPal]
SS41 B {Cu} (1523K, 1.8ks) [Sh 92MPa] 8
Al M Metallizing : {Al-4%Cu}(1373K, 3.6ks) [Sh 75MPa} 9
(A1050) Brazing . {BA4004} (883K, 180s) 1
SM50B g {Cl.l} (1173K, 600s, 20MPa) [Te 33MPa] 10
{Ni} (1373K, 300s, 20MPa) [Te 20MPa}
Steel, B {96% Ag-4%Cu0} (1273K, 60s, in air) [To 48Nm] 1
Ag {V.03} (1053K, 60s, in air) [To 10Nm]
AlO, . {Ag} (1173K, 1.8ks) [Te 3.4MPa]
SUs304 S {Cu} (1073K, 1.8ks) [Te 9MPa] 1z
Nb S (1873K, 3.6ks, 8.8MPa) [Te 125MPa] 13
Ti s (1173K, 3.6ks, 3.1MPa+820K, 7.2ks) [Te 13MPa}] u
SUS410S {Ti+Mo} (1273K, 10.8ks, 9.4MPa) [Te 47MPa]
Kovar, B {Cu+Cu,0+ Ag-Cu-Ti}(1113K, 600s) [Sh 53MPa] 15
SUS410S {Cu+Cu0+ Ag-Cu-Ti}(1113K, 600s) [Sh 65MPa]
SUS321 TiC precipitation treatment [Te 22MPal] 16
(200K, 3.6ks, 7.4MPa) i

S : Solid state bonding B : Brazing M . Metallizing

< >
[ ]: Bonding strength

{ 1} : Insert metal . Inter layer (
* . Using solid soft metal

Te : Tensile test Sh . Shear test To : Torsion test

) . Bonding conditions

B ! Bending test TB : Three point bending test FB : Four point bending test
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Test specimen Sharp edges

Fig. 1. Jig for shear strength test recomended in
ASTMBS565

d=nominal diameter of specimen

di=actual diameter of hole

d;=actual diameter of specimen
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Photo.l. a) Microstructure of the Al;03/Cu-10wt
% Ti/STS304 joint brazed at 1423K for 3.6ks

b) Microstructure of the ALOs/Cu-7.5wt% Zr/

STS304 joint brazed at 1373K for 1.8ks
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Photo. 2. a) SEM micrograph of the interface be-
tween Al:O; and Cu-10wt% Ti insert metal brazed
at 1373K for 3.6ks

b) SEM micrograph of the interface between Al
203 and Cu-7.5wt% Zr insert metal brazed at
1323K for 0.6ks
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Fig. 2. Results of EDX and XRD analysis

a) AlLQOs;/Cu-10wt% Ti/STS304 joint

b) ALO;/Cu-7.5wt% Zr/STS304 joint shown in
Photo. 2
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Photo. 3. a) Illustration of the crack initiated in
the edge of Al;O; of ALOF/Cu-10wt% Ti/STS304
joints

b) Illustration of the crack-free in Al:O; of AL,O
3/Cu-7.5wt% Zr/STS304 joints

¢) lllustration of the crack initiated on the cen-
ter of ALO; of AlLO;/Cu-7.5wt% Ti/STS304 joints
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Fig.3. Results of the observation on crack forma-

tion
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Photo. 4. a) Microstructure of the reaction layer
with little Zr oxide in AlOs;/Cu-7.5wt% Zr/
STS304 joint brazed at 1232K for 1.8ks

b) Microstructure of the reaction layer with
much Zr oxide in ALO;/Cu-7.5wt% Zr/STS304
joint brazed at 1373K for 1.8ks
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Fig. 4. a) Deformation of Al,0;/Cu-10wt% Ti/
STS304 joint by thermal stresses (a;=Coefficient
of Thermal Stress of Al,0;, a;=C.T.S. of Cu ¢;=C.
T.S. of STS304)

b) Deformation of AlOy/Cu-75wt% Zr/
STS304 joint by thermal stresses (a,=Coefficient

of Thermal Stress of Zr Oxide)
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Fig. 5. a) Dependance of brazing temperature on
shear strength of ALQO;/Cu-7.5wt% Zr/STS30
joints brazed for Osec, 0.6ks, 1.8ks and 3.6ks

b) Dependance of brazing time on shear
strength of AlQs;/Cu-7.5wt% Zr/STS304 joints
brazed at 1323K, 1373K and 1423K
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Fig. 6. Variation of Thickness of Zr oxide Layer

as a Fuction of brazing conditions
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