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Effect of Carbon Content on the Diffusion Bonding of Iron and Steel to

Titanium

Tadashi MoMoNO, Toshio EENJO and Kenji IKEUCHI

Synopsis : : »

A commericially pure titanium has been diffusion-bonded to iron and steels of various carbon contents ;
low carbon steel with 0.01%C(ULC), mild steel with 0.19%C(S20C) and spheroidal graphite cast iron with
3.75%C(FCD). The tensile strength of joints bonded below 900°C was hardly influenced by the carbon con-
tent, and increased with the rise in bonding temperature. Above 900°C, however, the strength of the
Ti-to-ULC joint showed a constant value, that of the Ti-to-S20C joint decreased, and that of the
Ti-to-FCD increased with the rise in bonding temperature. The interlayer forming along the bond inter-
face consisted only of TiC in the Ti-to-FCD joint and of TiFe and TiFe, in the Ti-to-ULC. Since Ti and
Fe diffused over much longer distances in the Ti-to-ULC than in the Ti-to-FCD, the TiC layer may be
considered to interfere with the interdiffusion of Ti and Fe, and consequently to suppress the formation of
TiFe and TiFe, which decrease the joint strength more seriously than TiC. The interlayer in the
Ti-to-S20C consisted of TiC as well as TiFe and TiFe,. The coexisting carbide and intermetallic com-
pounds in the interlayer, seems to reduce the joint strength to a more extent than those formed individually,

Key words : diffusion bonding ; composite material ; titanium ; carbon steel ; cast iron; intermetallic

compound ; joint strength ; carbide ; diffusion.
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EEE L L TRREFEIHFIEVEKM (ULC), S20C
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Table 1. Chemical composition of base metals
used (wt%).

C Si Mn P S Mg
ULC 0.01 0.26 0.19 0.011  0.008 —
S20C 0.19 0.07 0.72 0.026  0.026 —
FCD 3.75 3.00 0.13 0.038  0.010 0.042
Fe N [0} H
Ti 0.12 0.0065 0.126 0.0035
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Fig. 1. Schematic drawing of diffusion bonding
apparatus.
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(a) Bonding temperature Tg=800°C

Photo. 1.

(b) Tg=1000°C

Microstructures of FCD/Ti joints.
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Fig. 2. X-ray diffraction patterns from fractured
surfaces of a FCD/Ti joint bonded at 1 000°C.
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Fig. 3. Effect of bonding temperature on the peak
height of 111-TiC diffraction line from fractured
surfaces of FCD/Ti joints.
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Fig. 4. EPMA line-scanning profiles across the
bonding interface of a FCD/Ti joint bonded at
1 000°C.
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Fig. 5. Tensile strength of FCD/Ti joints as a
function of bonding temperature.
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Fig. 6. X-ray diffraction patterns from fractured
surfaces of a ULC/Ti joint bonded at 1 000°C.

(a) Tg=800°C (b) Tp= 900°C (¢) Ts=1000"C
Photo. 2. Microstructures of ULC/Ti joints.
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Fig. 7. EPMA line-scanning profiles across the
bonding interface of a ULC/Ti joint bonded at
1000°C. Symbols A ~ E corrsepond to those in
Photo. 2 (c).
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Fig. 8. Tensile strength of ULC/Ti joints as a
function of bonding temperature.

(a) Tg=880°C
Photo. 3. Microstructures of S20C/Ti joints.

(b) Tg=1000°C
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Fig. 9. X-ray diffraction patterhs from fractured
surfaces of a S20C/Ti joint bonded at 1 OOO;C.
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Fig. 10. Tensile strength of S20C/Ti joints as a
function of bonding temperature.

— 153 —




1596 % & M # 73 4 (1987) %5 11 &

Temperature (°C)
0 200 400 600 600 1000 1200 1400
i Ll 1 1 T T T

A G (keal/mol)

e 1

-44 I 1 L L n
200 400 600 800 1000 1200 1400 1600

Temperature (K)

Fig. 11. Standard free energy change, AG" of
TiC, TiFe, and TiFe as a function of

temperaturelﬁ)”).
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