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Formation and Growth of Intermetallic Compound at Interface of Steel/Aluminum Bonding Sheet

Hatsuhiko Owawa, Tohru Sarron, Takao Nacase and Tadao Kirivama

Synopsis : This paper deals with the formation and growth of intermetallic compound (IMC) at the interface of steel/aluminum
bonding sheet. The bonding sheets were produced by hot rolling and diffusion bonding.

The heating conditions which let to the formation of the IMC depended on the combinations of steel and aluminum
sheets. The growth of the IMC layer was obeyed by parabolic law and the activation energy in the growth of the IMC
layer were estimated to be 116 to 235k]/mol. The growth rate of the IMC increased with the increase of magnesium
content and the reduction of aluminum sheet. However, it decreased in case of using stainless steel sheet. The peel
strength decreased with the increase of the IMC layer thickness (heating temperature) and the bonding sheets were
peeled easily at the IMC/aluminum interface when the IMC layer thickness were more than 2zm. The IMC formed
at the interface were FeAl,;, Fe,Als and FeAl,.

Key words : cold rolled steel sheet ; stainless steel sheet ; aluminum sheet ; bonding ; interface ; heat treatment ; diffusion ; inter-
metallic compound ; bonding strength.
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Table 1. Chemical composition of steel and aluminum
sheets used in roll bonding and diffusion bond-
ing. (mass%).

Steel c Si Mn P S Al N Ti
CS (EDDQ) (0.0039 | 0.015 | 0.14 | 0.013 | 0.017 | 0.057 |0.0022| 0.051
Steel Cc Si Mn P S Ni Cr -

SS (SUS304) | 0.067 | 0.47 | 0.89 | 0.027 | 0.008 | 8.73 | 18.14 -

Aluminum Si Fe Cu Mn Mg Cr Zn Ti
A1(A1050-0) | 0.07 | 0.34 | <0.01 | <0.01 | <0.01 - <0.01 | 0.03
A3 (A3004-0) | 0.21 0.45 | 0.14 | 1.06 1.01 0.02 | 0.06 | 0.02
A5 (A5052-0) | 0.09 | 0.27 | 0.03 | 0.04 | 248 | 0.19 | 0.01 0.01
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Table 2. Types of bonding sheets and roll bonding conditions.

Mark Thickness | Reduction | Heating Heating | Bonding | Atmosphere
[Sheet (mm) (%) method | condition | method
type] [Al ratio]

CS/A1(R) 0.88 6.0 (CS) 1143K (CS)
[CS/A1/CS] | [0.57) 16.3 (A1) D_irect

camam) | 088 | a3(es) |"\ I Mtk (c) Nitrogen
[CS/IA3/CS]| [0.57) 16.7 (A3) Rolling gas

CS/AS(R) 0.90 9.3 (CS) 1158K (CS)
[CS/AS/CS] [0.60] 10.0 (A5)

SS/A1(R) 1.18 5.3 (SS) Furnace |723K, 1.8ks Air
[SS/A1/SS] [0.36] 304 (A1) (SS, A1)

Table 3. Types of bonding sheets and diffusion bonding conditions.

Mark Thickness | Reduction | Heating | Heating | Bonding | Atmosphere
[Sheet (mm) (%) method | condition | pressure
type] | [Al ratio] (MPa)
CS/A1(D) | 1.10-1.22 25 (CS) 723-873 K| 30-52
[CS/A1/CS] | [0.29-0.36] | 27.0-46.6(A1) 0.3-3.6 ks
CS/A5(D) | 1.09-1.26 25 (CS) 723-823 K| 83-115
[CS/A5/CS] | [0.28-0.38] | 20.0-48.3(A5) Induction 0.3-3.6 ks Vacuum
SS/A1(D) | 1.11-1.20 0 (SS) | heating |773-873 K| 30-45 103Pa
[SS/A1/SS] | [0.28-0.38] | 18.0-48.3(A1) 0.3-3.6 ks
SS/A5(D) | 1.10-1.25 0 (SS) 723-823 K| 83-115
[SS/A5/SS] | [0.27-0.36] | 25.0-50.0(A5) 0.3-3.6 ks
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Fig. 1. SEM micrographs of intermetallic compound
(IMC) formed at interfaces of bonding

sheets.
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(c)CS/AL(R) 773K, 0.3ks (d)CS/A5(R) 723K, 1.8ks
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Fig. 2. EPMA line analysis at interfaces of bonding sheets after heating.
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Fig. 3. Relation between square root of holding
time and thickness of intermetallic com-
pound(IMC) layers.
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Fig. 4. Comparison of growth rate of intermetallic
compound (IMC) layers. (at 773K)
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Table 4. Comparison of K, and Q values. 2 i T T r
Bonding | Temperature Ko Q 1.8ks CS/A1(R) SS/A1(R)
specimen (9] (mals) (KJ/mol) ° 1.5 ' + J \£
CS/AI(R) | 773-873 2.50X10-7 116 s R
Y
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[ ]
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T : SR (K) Fig. 5. Effect of heating temperature on peel

strength of bonding sheets.
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Table 5. Relation between heating temperature and
t}ges of intermetallic compound (IMC)
(O ; Present, A ; Possible, X ; Non).
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