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Development of Rolled Titanium Clad Steel Sheet Using Liquid Phase in the Interface of Both Metals for Joining

Akio Yamamorto, Hiroshi Nakamura and Ryurou KuraHAsHI

Synopsis :

A technique for hot rolling of the titanium clad steel sheet in atmospheric condition has been newly developed.

The titanium and steel sheets are assembled in the atmosphere through the copper sheet as insert metal between them.
When such clad steel assembly is heated to high temperature, intermetallic compounds of titanium and copper are formed
and melted in the interface. The air bubbles and oxides generated in the interface, are squeezed out from the interface with
the aid of the melted intermetallic compound and compressive rolling pressure during hot rolling which results in the
metallurgical bonding of clean metal surfaces of titanium and copper. On the other hand, copper sheet and steel can be
easily bonded because of unstable oxides of both metals. In this technique, the most suitable heating temperature and time
for the better bonding properties are 850 to 900°C for 300 to 1800 seconds. Titanium clad steel sheet manufactured using
this technique shows approximate 180 MPa of shear strength. Such titanium clad steel is thought to have satisfactory
performance with practical use although its bonding strength is relatively lower than those of conventional titanium clad

steel manufactured in vacuum condition.

Key words : titanium clad steel sheet ; hot roll bonding ; insert metal in liquid phase ; copper-titanium inter-metalic compound ; bonding

property.
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Fig.1. Concept of joining process for titanium and steel
using with liquid phase.
(DPiling up titanium and steel sheets with thin
copper sheet before heating.
@At high temperature, inter-metallic-compounds
of titanium and copper are formed and melted.
®Remaining air bubbles and reacted oxides in
the interface are squeezed out together with
melted inter-metalic-compounds by compression.
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Table 1. Chemical compositions of specimens for joining test. [wt%]

Metal C Si Mn P S sol Al N O H Fe Ref.
Steel 0.118 0.007 0.366 0.014 0.003 0.022 0.0026 0.0013 — —
0.010 0.131 0.0054 0.004 JIS-TP35H

Ti 0.008 — — — —
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Photo. 1. Electron diffraction pattern and EDS analysis of extracted particles from interface between titanium and

steel compressed in a vacuum.
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Fig.2. Effects of heating temperature on joining

strength of titanium and steel.
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Fig. 3. Effects of heating time on joining strength of

titanium and steel.
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Optical micrographs of joining interface between titanium and steel after joinability test by compression
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Fig. 4. Joinability of titanium and steel using with

liquid phase by laboratory-scale rolling.
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B : 900°C-0.5h
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Photo. 3. Appearance of titanium clad steel sheet
rolled in laboratory by the present method in
the atmosphere at 800°C (A) and 900°C (B).
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Photo. 4 . Optical micrographs of cross section and
results of EDS analysis of solidified drop
scattered from built slab at just rolling
(etched by nital).



Photo. 5. Optical micrograph of cross section of tita-
nium clad steel sheet rolled in laboratory by
present method in the atmosphere heated at
900°C for 1800s (etched by nital).
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Fig.5. Distribution of hardness in the vicinity to join-

ing interface of hot rolled titaniun clad steel
sheet in laboratory heated at 900°C for 1800s.
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joining interface of hot rolled titanium clad
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Fig. 7.

Table 2. Tensile properties of titanium clad steel sheet
using with liquid phase by laboratory-scale

rolling.
os[MPal o,,[MPa] T-EL[%]  ElLn[%] 0s[MPa]
345.2 222.6 445 423 185.3

0oz : 0.29% Proof Stress
Elq : Elongation at Ti

oz : Tensile Strength
T-El : Total Elongation
05 : Shear Strength of Spalling
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