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Abstract

Microstructural analysis and tensile testing of directly diffusion
- bonded joints of A6061(T6) to ST S316L were conducted in order to
evaluate the joinability of aluminum alloy to stainless steel. Diffusion
bonding of A6061(T6)/ STS316L was carried out at 748 883K for
30min 150min applying 1 8 MPa in vacuum degree of 10-5Torr.
SEM observation revealed that the reaction layer was formed at the
AB061(T 6)/ST S316L interface. It was refered that the intermetallic
compounds such as FeAl3 Fe2Al5 were identified in the reaction layer
in the different literature. However, various intermetallic compounds
which is not same as FeAl3 Fe2Al5 were founded in this experiment.
It was explained that the reaction layer was formed by reciprocal
action of reaction and diffusion. The tensile strength of A6061(T 6)/
ST S316L joints was risen up to about 140 MPa. The fracture modes

shifted from the ductile fracture to the brittle fracture in reaction



layer with increasing of the temperature.

XRD analysis revealed that the fracture surface contains a large
amount of Al elements in the temperature of 748 803K. It was
identified that the fracture occurred at the AG6061 side at this
temperature. However, it was identified that the fracture occurred at

the intermetallic compounds in the temperature above 813K.

Main conclusions are obtained as follows;

1. The most suitable bonding conditions which the tensile strength
of the joints was risen up to 140 MPa were clarified to be the
bonding temperature of 748 803K, the time of 90 150min, the
pressure of 1 3 MPa and vacuum degree of 10-5 Torr.

2. In the temperature of 748 803K, tensile strength of the joints
was increased by reciprocal action of reaction and diffusion with
increasing of the temperature. However, in the temperature
above 813K, tensile strength of the joints was decreased by
excessive formation of brittle intermetallic compounds and by
transmitting cracking due to thermal stress.

3. In the temperature of 748 803K, fracture occurred at the A6061
side in ductile fracture modes. However, in the temperature
above 813K, fracture occurred at the interface in brittle fracture
modes.

4. In the temperature of 748 803K, it seems that Fe, Cr, Ni and
other elements of STS 316L side diffuses into A6061 side,

therefore the tensile strength is risen by forming thin and



strongly combined reaction layer. However, in the temperature
above 813K, it seems that the above elements diffuses
excessively into A6061 side, therefore the tensile strength falls
down by forming thick and brittle reaction layer and by
inducing stress concentration at the intermetallic compounds

inside of reaction layer in the interface.
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Table 1 Chemical compositions of materials used(wt %)

Fe Al Cr Ni Mg Si Mn
16.0 12.0
STS316L bal. - - <1.0 <2.0
18.0 15.0
0.04 0.8 0.4
A6061 <0.03 bal. - <0.15
0.35 1.2 0.8
C Mo P Cu S Zn Ti
2.0
STS316L | <0.03 3.0 <0.04 - <0.03 - -
0.15
A6061 - - - - <0.25 <0.15
0.4

Table 2 Physical and mechanical properties of materials used

thermal thermal
. modulus ) load at
expansion| conductivity tensile )
m.p of 0.2% |elongation
coeff. (100 ) Jasticit strength | i
K elasticity elongation %
T w )| (car (MPa) (%)
(MPa) (MPa)
x 10-6 sec)
853
A 6061 24 0.37 68.6 310 275 12
923
1643
ST S316L 1673 16 0.05 19.3x 104 558 290 50
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Fig. 4 Effect of pressure on tensile strength

of A6061/ST S316L joints

(Bonding temp. : 748K, Bonding time : 120min)
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(Bonding temp. : 748K, Bonding time : 120min)

- 20 -



3.2

1
3M Pa( creep
), 120min
SEM Photo 4, 5
, Fig. 5 line- scanning
, 748 798K
( 21 ). : 823 883K
( 10 30 ). ,
cutting
(intermetallic compounds)
Insert metal
, line- scanning
, A 6061
, test ,
803K 140M Pa

- 21 -



140M Pa
T6-TO

9. ;

Creep

823K

Fig. 6

813K

- 22 .

748 803K

(Al

125M Pa

110



(a) at 748K

bonded zone

ZBkU X1:.0088 Brm D00BDB0

(b) at 798K

Photo 4 SEM microstructure of theA6061/ST S316L joints
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(a) Al side

(b) STS side

Photo 6 Shape of fracture surface at 748K
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(b) STS side

Photo 7 Shape of fracture surface at 783K
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(a) Al side

(b) STS side

Photo 8 Shape of fracture surface at 798K
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Photo 9 Shape of fracture at 748 803K
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(a) Al side

(b) STS side

Photo 10 Shape of fracture surface at 813K
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(b) STS zone

Photo 11 SEM microstructure of fracture surface

[ 798K, 1 3MPa, 120min ]
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(b) STS side-1

Photo 12 SEM microstructure of fracture surface

[ 813K, 1 3MPa, 120min ]
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( c) STS side-2

Photo 13 SEM microstructure of fracture surface

[ 813K, 1 3MPa, 120min ]
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Table 3 EDX analysis of fracture surface

Al STS Al STS-1 STS-2
No.
1 2 1 2 3 1 2 3 1 2 3 4 1 2
Element

Al 100({97.52| 100| 100{32.75(/67.11|97.33| 100/60.81|68.12|34.01|71.55(70.64| 78.7

Mg - - - - - - 2.67 | - - - - - - -
Si - - - - | 0.18 || 0.56 - - | 0.27 | 0.27 | 0.14 | 0.72 | 0.96 | 0.82
Fe - 2.37 - - |46.64| 25.4 - - |27.46(24.25]46.37(21.61|22.07|15.57
Cr - |01 | - - |12.65| 6.93 - - | 9.02|7.35|14.21| 6.12 | 6.33 | 4.31

Ni - - - - 7.78 - - - 2.44 - 5.27 - - 0.6

Total(wt%) 100
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