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Table 1 Chemical composition of the base and cladding metals (w/%)

Material C N H (0] Mn

Ni Cr Nb Cu Fe Ti

Q390 0.10  0.003 - 0.002 0.91
TA2 0.01 0.0071 0.00135 0.11

0.46 0.76 0.66 0.02 0.49 Bal. 0.012

0.034 Bal.
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Fig.1 Schematic diagram of the cross-section of assembled slab
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Fig.2 Schematic diagram of main assembling procedure

*2 EAWMIHEENELER
Table 2 Results of rolling temperature measurement
for slabs (C)
Heating temperature 850 875 900 925 950 1000
Initial rolling temperature 843 866 886 920 939 987
Finish rolling temperature 804 821 842 875 896 932
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Fig.3 Microstructures of steel at different heating temperatures of roll bonding: (a) 850 °C, (b) 875 C, (¢) 900 C,
(d) 925 C, (e) 950 C, and (f) 1000 C

100" um

B4 AN Nl 8 46 11 R BRUZ 1 B i 1 21
Fig.4 Microstructures of titanium cladding at different heating temperatures of roll bonding: (a) 850 C, (b) 875 C,
(c) 900 C, (d) 925 C, (e) 950 C, and (f) 1000 C
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Fig.7 Back-scattered electron micrographs of Ti/steel bonding interface at heating temperatures of 850 C (a), 875 C (b) and 900 C (c);

(d~1) are the high magnification of corresponding position 1~3
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Fig.8 Back-scattered electron micrographs of Ti/steel bonding interface at heating temperatures of 925 °C (a), 950 C (b) and 1000 C (c);

(d~1) are the high magnification of corresponding position 4~6
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Fig.11 Macrographs of the specimens at heating temperature of 1000 °C after bending test:

(a) internal bend, (b) external bend, and (c) side bend
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Fig.12 Standard free Gibbs energy change AG’ of TiC, Fe,Ti and

FeTi as a function of temperature
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Table 3 Diffusion coefficient of C, Ti and Fe in steel and titanium

Diffusion coefficient Diffusion coefficient Diffusion coefficient

Temperature

SYSEm 900 Cy/ms (850 ‘C)/m’-s”! (800 C)/m’-s! Expression range/k  ererence
Cla-Fe - - 7.8x10™" 8.1x10exp(82500/RT) 623~1123 [13]
Cly-Fe 6.1x10™"? 3.0x10™" 7.38x107exp(158980/RT)  1173~1333 [13]
C/p-Ti 9.6x10™" - 3.2x107exp(79100/RT)  1223~1923 [14]
Cla-Ti - 9.1x10™" 4.8x107" 7.9x10%exp(127700/RT) ~ 873~1073 [14]
Fe/p-Ti 1.0x10™"? - 7.8x107exp(132300/RT)  1193~1923 [15]
Fe/a-Ti - 8.7x107" 5.0x107" 1.2x10%exp(110500/RT) ~ 973~1123 [15]
Ti/y-Fe 1.0x107"¢ 3.2x10™7 1.5x107exp(251000/RT)  1348~1498 [16]
Ti/a-Fe - - 1.1x107" 2.1x10"exp(293200/RT)  948~1042 [15]
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Fig.13  Variation of diffusion coefficient with temperature at three different systems: (a) f-Ti/y-Fe, (b) a-Ti/y-Fe, and (c) a-Ti/a-Fe
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Effect of Heating Temperature on Microstructure and Mechanical Properties
of Titanium Clad Steel by Hot Roll Bonding

Chai Xiyang'?, Shi Zhongran', Chai Feng', Su Hang', Yang Zhigang®, Yang Caifu'
(1. Central Iron and Steel Research Institute, Beijing 100081, China)
(2. Tsinghua University, Beijing 100084, China)

Abstract: A symmetry slab of steel/titanium/separating agent/titanium/steel was assembled for fabricating titanium clad steel by hot roll
bonding. The effect of heating temperature on microstructure, strength-toughness and bonding properties of clad steel plates were
investigated at condition of 850~1000 C. The results show that with the increase of temperature, the shear strength decreases obviously.
The heating temperature has an important effect on the variety and thickness of interfacial phase. At temperatures of 850, 875 and 900 C,
carbon can easily enrich at the bonding interface and the reaction diffusion of Fe in titanium is weak. Consequently, TiC and S-Ti form at
the Ti/steel interface. While at temperatures of 925 and 950 ‘C, carbon enrichment at bonding interface stays at low degree and the
diffusion reaction of Fe in titanium is strong. As a result, a-f Ti, -Ti, TiC and Fe,Ti are generated at bonding interface. At temperature of
1000 ‘C, the diffusion reaction of Fe in titanium gets stronger. Therefore, the interface products consisted of a-f# Ti, -Ti, TiC, FeTi and
Fe,Ti form. In addition, the increase of heating temperature promotes the rise of brittle phase layer thickness. The reduction of shear
strength is attributed to the increase of variety and thickness of brittle phase.
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