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Visualization of Metal Flow and Adhering of Aluminum Alloy
in Three-Layer Clad Rolling*

Gaku Torikai **, Yoshinori Yoshida®**, Mineo Asano**** and Akio Niikura*****

In cold and hot pressure welding, the mechanism based on oxide film breakage by surface expansion and
diffusion through newly formed surface is suggested. It is explained that the mechanisms of the
dissimilar metals joining in pressure welding and clad rolling are same, although the deformation in
pressure welding and clad rolling is different. In this paper, the mechanism of the dissimilar metals
joining in clad rolling was investigated with visualization of metal flow and adhering of aluminum alloy
in three-layer clad rolling.

The clad metal consisting of the upper liner material of 4000 series aluminum alloy, the core material of
3000 series aluminum alloy and the lower liner material of 7000 series aluminum alloy was hot-rolled at
813K. The upper-and-lower surfaces of the core and liner materials were trimmed after casting in order
to remove the inhomogeneous layers. The cutter marks of the core material remained in the upper-and-
lower surface. The upper-and-lower surfaces of the liner materials were flat, because they were hot-rolled.
Firstly, the metal flow in clad rolling was visualized. It was clear that the interface condition between
core and liner materials changed from slip to stick. Secondly, the interfaces between core and liner
materials were observed. It was recognized that the newly formed surfaces after the breaking of the
oxide films were contacted like pressure welding. Finally, the fracture surfaces of core and liner
materials were studied. Both surface profiles of core and liner materials were deformed and many
dimples were formed in the newly formed surfaces. The manganese elements which only existed in core
material were detected in many dimples of the upper liner material. Those parts were considered to
adhering of core and upper liner material.

From the above results, it was suggested that the liner materials were joined to the core material,
because the oxide films of the real contact surfaces were broken in the roll gap with high pressure at
first pass in rolling. After second pass in rolling, the adhesion parts were increasing by setting rolling
reduction as the strength of the adhesion parts formed at before pass in rolling was not exceeded.
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Table 1 Chemical compositions of sample materials (mass %).

Part Alloy Si Fe Cu Mn Mg Zn

Upper liner material Al-Si based alloy 77 0.1 - - - -
Core material Al-Mn based alloy 0.6 0.1 0.7 1.2 - -
Lower liner material Al-Zn-Mg based alloy - - - - 22 15
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Fig. 1 Laminated slab for hot-rolling, (a) photograph of laminated slab; 0 0.1 02 03 04 05 06

(b) coordinate of holes for metal flow visualization.

True strain

Fig. 2 Flow curves of sample materials.

18
E 16l
AR ,
2 10l Table 2 Rolling pass schedule.
=
S 10t Pass number Reduction ratio / % Rolling direction
= 3| 1 0.1 One-way
g .
= 6f 2 0.1 One-way
o g4l 3 0.2 Reverse
°
Kool 4 0.2 Reverse
o
0 ) 5 0.4 Reverse
Upper liner Core Lower liner 6 04 Reverse
material material material 7 05 Reverse
Fig. 3 Oxide film thicknesses on sample 3 05 Reverse
materials.
Table 3 Influence of rolling pass schedule on bonding between core and liner materials.
Pass number 1 2 3 4 5 6 7 8
Total reduction ratio / % 0.1 0.2 04 0.5 0.9 12 1.7 2.3
Upper liner material bonded bonded bonded bonded bonded bonded bonded bonded
Lower liner material separated | separated | separated bonded (bonded) bonded bonded bonded
(bonded) : separated partially
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Fig. 4 Metal flow inside laminated slab after first, second Fig. 5 Surface expansion ratio after hot-rolling.
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Fig. 6 Bonding surfaces after second pass, Fig. 7 SEM image of bonding surfaces after second pass,
(a) upper liner material; (b) core material. (a) upper liner material; (b) core material.
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Fig. 8 Surface profiles on core material and upper liner material before and after rolling,
(a) upper liner material; (b) core material.
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(a) After second pass (b) After 8th pass 1 mm
Fig. 9 EPMA elemental maps showing concentration of Mn remained on bonding
surfaces of upper liner material, (a) after second pass; (b) after 8th pass.
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Fig. 11 SEM image of bonding surfaces after 8th pass,
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Fig. 12 Surface profiles on core material and lower liner material before and after rolling,

(a) lower liner material; (b) core material.
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Fig. 13 EPMA elemental maps showing concentration of Mn remained on bonding
surfaces of lower liner material, (a) after second pass; (b) after 8th pass.
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Fig. 14 EPMA elemental maps showing concentration of Mn obtained from the interface after 8th pass,
(a) between core and upper liner material; (b) between core and lower liner material.
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Fig. 15 STEM and TEM image of the newly formed interface after 8th pass,
(a) between core and upper liner material; (b) between core and lower liner material.
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Fig. 17 Schematic diagram of surface deformation.
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