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Table 1 Chemical composition of Ti and Al sheets (Wt%)

Fe Si C N O Others Ti
TA1 Ti
0.15 0.1 0.05 0.03 0.15 0.015 Bal.
Si Fe Cu Mn Mg Others Al
1060 Al
0.25 0.35 0.05 0.03 0.03 0.13 Bal.
Explosive ND
Detonator
Flyer plate (Ti)
T ———> RD
Support ase plate (Al)
Anvil
TD

Explosive welding

Ti/Al composite sheet

Cold rolling

1 BEIEIR-V 5L TVAL SR % L 2R

Fig.1 Schematic diagram of fabrication process of EXW-cold rolled Ti/Al laminated composite sheets
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Fig.2 SEM images of Ti/Al composite sheets without annealing: (a—b) EXW-CR (0%); (c) EXW-CR (27%); (d) EXW-CR (55%)
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Fig.3 SEM images of explosive-welded Ti/Al laminated composite sheets annealed at different conditions: (a) 625 °C/1 h; (b) 625 °C/8 h;
(c) 625 °C/12 h; (d) 625 °C/64 h; (e) 625 °C/192 h; (f) 625 °C/320 h; (g) 600 °C/64 h; (h) 650 °C/64 h
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Fig.4 XRD patterns of explosive-welded Ti/Al composite sheets annealed at different temperatures for 320 h: (a) 600 °C; (b) 625 °C; (c) 650 °C
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Fig.5 AN[AJR K AF T B E AR Ti/AL & B S EBSD U 437
Fig. 5 EBSD orientation distribution maps of interface layer of explosive-welded Ti/Al composite sheets annealed at different conditions:
(a) 600 °C/384 h; (b) 625 °C/384 h; (c) 650 °C/384 h; (d—f) enlarged views of highlight white rectangle regions in Fig.5a, Fig.5b and Fig.5¢
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Annealing Time, #/h
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Fig.6 Relationship curves between average interfacial layer thickness and annealing time of explosive-welded Ti/Al composite sheets annealed at

600—650 °C under air environment: (a) 1-64 h; (b) 64-576 h
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Fig.7 Relationship curves between thickness ratio and annealing time of interfacial layer of explosive-welded Ti/Al composite sheets annealed at

600—-650 °C under air environment: (a) 1-32 h; (b) 32-576 h
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Fig.8 Schematic diagrams of Ti/Al solid phase reaction with the presence of oxide films: (a) initial contact between solid Ti and solid Al;

(b) TiAl, phase formed and TiO, consumed through chemical reaction 3TiO,+13Al—3TiAl;+2AL0;; (c) TiAl, layer becoming wavy due to

the difference in diffusion rates of Ti and Al in TiAl; layer and exhausted TiO,; (d) TiAl, phase continuing to thicken and becoming
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Fig.9 SEM images of EXW-cold rolled Ti/Al composite sheets with different reduction annealed at 600 and 650 °C for different time:
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Fig. 13 Relationship curves between average thickness of interfacial layer and annealing time of explosive-welded Ti/Al composite sheets

annealed at 625 °C under vacuum and air environment: (a) 1-32 h and (b) 32-384 h
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Fig.14 Relationship curves between thickness ratio of interfacial layer and annealing time of explosive welded Ti/Al composite sheets annealed at
625 °C under vacuum and air environment: (a) 1-32 h and (b) 32-384 h
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Growth Law of Interfacial Layer in Ti/Al Solid-State Reaction Under Different Conditions

Li Hezong'?, Wang Yue', Yang Guogqiang', Lv Zheng', Liu Hongji’, Tong Yao®, Chen Yayu', Zhang Jianyu'”
(1. School of Mechanical and Equipment Engineering, Hebei University of Engineering, Handan 056038, China)
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Abstract: The Ti/Al composite sheets were fabricated by explosive welding (EXW) and cold rolling (CR) with a reduction of 0%, 27% and 55%.
Then, the EXW-cold rolled Ti/Al composite sheets were annealed at 600, 625 and 650 °C under air and vacuum environment for different
durations, and the annealing time was up to 576 h. The effects of temperature, rolling reduction and vacuum environment on the growth of
interfacial layer of Ti/Al composite sheets were investigated. The results show that two modifications of titanium trialuminide (TiAL(h) and
TiAl (1)) are formed at Ti/Al interface, and the higher the temperature, the larger the volume fraction of TiAl,(h) phase. Furthermore, the average
grain size of TiAl, phase is alsoincreased with the increase in annealing temperature. The growth of interfacial layer at Ti/Al interface under
different conditions can be divided into three stages: the first stage is controlled by oxide films, the second stage is controlled by chemical
reaction, and the last stage is controlled by diffusion. At the stage controlled by oxide films, the kinetics constant is very little, and the interfacial
layer thickness is relatively uniform. At the stage controlled by chemical reaction, there are some large humps at the interfacial layer, and the
thickness uniformity is very poor. At the early stages controlled by oxide films and chemical reaction, the higher the annealing temperature, the
larger the kinetics constant of TiAl, phase. Due to the opposite effect of grain size and temperature on the interdiffusion coefficient of TiAl, phase,
at the early stage of diffusion-controlled growth, the higher the annealing temperature, the greater the kinetics constant. At the later stage of
diffusion-controlled growth, the higher the temperature, the smaller the kinetics constant. The thickness uniformity of interfacial layer becomes
better with the prolongation of annealing time at different temperatures, and the higher the temperature, the better the thickness uniformity at the
same annealing time. At 600 °C, cold rolling can improve the growth rate and thickness uniformity of TiAl, phase at chemical reaction-controlled
stage and early diffusion-controlled stage, and the greater the reduction, the faster the growth rate and the better the thickness uniformity.
However, at 650 °C, cold rolling has little effect on the growth rate and thickness uniformity of TiAl, phase at chemical reaction-controlled and
diffusion-controlled stages. At the stage controlled by oxide films, the kinetics constant under vacuum environment is larger than that under air
environment. At the chemical reaction-controlled and diffusion-controlled stages, the kinetics constant under vacuum environment is almost the
same as that under air environment, but the thickness uniformity of TiAl, phase under vacuum environment is better than that under air
environment.
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