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Table 1 Chemical composition of pure titanium TA1 and pure nickel N6 board (/%)

TA1 Fe Si C N H (0] Ti
0.15 0.1 0.05 0.03 0.015 0.15 Bal.
N6 Cu Fe Mn C Si S Ni+Co
<0.06 <0.1 <0.05 <0.1 <0.1 <0.005 =99.5
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Fig.2 Microstructures of Ti/Ni interface at different temperatures for 2 h: (a) 550 ‘C, (b) 600 C, (¢) 650 ‘C, and (d) 700 C
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Fig.3 Microstructures of Ti/Ni interface after 5 ARB pass and heat treatment at 700 C for different time: (a) 0 h, (b) 0.5 h, (¢) 1 h, (d) 2 h,
(e)4h,and (f) 8 h
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Fig.4 Microstructures of Ti/Ni interface after the 5 ARB pass and heat treatment at different temperatures for 2 h: (a) RM, (b) 550 C,
(¢) 600 C, and (d) 650 'C
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Fig.5 Interface microstructures and EDS composition distributions of specimens after the 5 ARB pass and annealing at 700 ‘C for different

time: (a) 0 h, (b) 0.5 h, (¢)1 h, (d) 2 h, (¢) 4 h, and (f) 8 h
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Table 2 EPMA results of the marked points 1~10 in Fig.5 (at%)

t/h

Element contents and corresponding phases of marked points

Elements 1 2 3 4 5 6 7 8 9 10

Ti 2. 02 1.93 5.99 33.36 37.76 60.44 68.62 97.52 99.11 99.22

0.5 Ni 97.98 98.07 94.01 6%16\# 6%12\# 3%513. 31.38 2.48 0.89 0.78
. . . 1IN\13, 1N13, 12IN1, . . . . .
Phases Ni Ni Ni TiNi TiNi TiNi Ti,Ni Ti Ti Ti

Ti 1.94 2.60 7.84 35.81 36.97 43.04 60.31 60.42 64.78 84.63

. Ni 98.06 97.4 92.16 64.19 63.03 56.96 39.69 39.58 35.22 15.37

Phases Ni Ni Ni 1’};11\11\213’ TTi‘I\II\Ii”’ TiTﬁil’ Tﬁgi TizNi Ti;Ni TipNi, Ti

Ti 2.44 4.24 32.49 33.01 40.97 63.70 63.58 65.22 79.71 99.91

5 Ni 97.56 95.76 67.51 66.99 59.03 36.30 36.42 34.78 20.29 0.09
. Ni, TiNis, TiNis,  TiNi, Ti,Ni, TiNi, o TiNi, .
Phases Ni TiNis TiNi TiNi TiNis TiNi TiNi Ti:Ni Ti Ti

Ti 2.24 8.04 33.04 34.85 34.81 59.94 61.89 68.48 90.59 99.57

4 Ni 97.76 91.96 66.96 65.15 65.19 40.06 38.11 31.52 9.41 0.43
. Ni, TiNis, TiNis, TiNis, TiNi, TiNi, o Ti, .
Phases Ni TiNis TiNi TiNi TiNi TisNi TiNi TN NG Ti

Ti 8.24 33.33 34.57 33.96 60.88 60.58 64.37 75.18 93.45 99.80

X Ni 91.76 66.67 65.43 66.04 39.12 39.42 35.63 24.82 6.55 0.20
Phases  Nb TN TN TN TINGTEND O TENG O TEND TNL

TiNi; TiNi TiNi TiNi Ti,Ni TiNi TiNi Ti Ti
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Table 3 Data of interface diffusion layer thickness and heat

temperature, holding time

——— Experimental thickness/pm th(izl]l(ilél:st/efm
Y1 »2 3 v y
0.5 1.11 1.25 0.97 1.11 1.17
1 1.38 1.52 1.66 1.52 1.71
550 2 2.22 1.66 2.5 213 2.49
4 3.88 4.16 444 4.16 3.62
8 4.99 472 499 409 5.28
0.5 2.41 2.08 1.87 2.12 1.97
1 3.88 4.16 3.88 3.98 2.79
600 2 4.72 527 499 4.99 3.95
4 6.21 6.38  6.45 6.38 5.60
8 8.05 7.77 7.7 17.86 7.94
0.5 2.85 3.91 2.73 2.82 3.08
1 6.31 576  6.31 6.13 4.25
650 2 7.99 8.27 7.99 8.08 5.85
4 10.44 10.27 10.10 10.27 8.07
8 13.04 12.76 13.32 13.04 11.11
0.5 4.35 4.14  4.14 4.21 4.54
1 7.12 7.19  6.84 7.05 6.09
700 2 9.59 9.59 9.17 945 8.16
4 12.17 12.78 12.22 125 10.94
8 15.06 14.74 14.74 14.88 14.66
0.5 5.83 5.55 6.11 5.83 6.36
1 8.05 8.33 833 8.24 8.29
750 2 999 10.27 10.27 10.18 10.81
4 13.18 13.46 13.74 13.46 14.09
8 16.65 16.93 17.21 16.93 18.36
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Fig.8 Double logarithm curves of the thickness and time of Ti/Ni

diffusion layer
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Table 4 Growth coefficient K and the growth index n of

diffusion layer at different heat treatment

temperatures
Tem%co?ture Growth coefficient, K/um Growth index, n
550 0.1502 0.57
600 0.5214 0.46
650 0.5668 0.52
700 1.0833 0.44
750 1.6616 0.38
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Interface Diffusion Behavior of Ti/Ni Multilayer Composites

Zhang Zhijuan', Zhang Bing'?, Shang Xiaodi', Wang Qiuyu', Wang Le', Wang Kuaishe'*
(1. Xi’an University of Architecture and Technology, Xi’an 710055, China)
2. National & Local Engineering Researching Center for Functional Materials Processing, Xi’an 710055, China
g g g g

Abstract: The samples of Ti/Ni multilayered composites fabricated by 5 cycles ARB (accumulative roll bonding) were treated with
different heat treatments. The microstructure, interface structure and thickness of Ti/Ni interface diffusion layer were analyzed by optical
microscope (OM) and scanning electron microscopy (SEM) combined with the dynamic theory to study the diffusion behavior of Ti/Ni
interface. The results show that the Ti/Ni interface does not diffuse during accumulative roll bonding processes. After heat treatment of
(550~750 °C)/(0.5~8 h), diffusion occurs in the Ti/Ni interface; the thickness of diffusion layer is a power function of the experimental
time, while the thickness is an exponential function of temperature. With the increase of heat treatment temperature, the growth of Ti-Ni
diffusion layer transforms gradually from the body diffusion control under 650 °C to grain boundary diffusion control. Through the

calculation and verification we can get the dynamics equation of reaction layer growth of Ti/Ni interface of Ti/Ni multi-layer structure

composite material produced by 5 cycles ARB: 78202] /12009-0.0005T -

=1.7043x10* exp| —
y o[-

Key words: Ti/Ni multilayer composites; heat treatment; interface diffusion behavior; dynamics theory
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