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Table 1 Average grain diameter, number of grains, cell

dimensions and number of atoms in different models

Grain Grain Model Number of
Model . . 3
diameter/nm  number size/nm atoms
1 4.1 15 10X 10X 10 74144
2 8.1 15 20X20X20 593265
3 12.2 15 30X30X30 2001214
4 17.5 5 30X30X30 2002607
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Fig. 1 Models of polycrystal NiTi alloys with grain size from 4.1 nm to 17.5 nm: (a) 4.1 nm; (b) 8.1 nm; (c) 12.2 nm; (d) 17.5 nm
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Fig.2 Atom structures of B2 austenite(a) and B19'martensite(b)
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Fig. 3 Plots of atomic volume of nanocrystalline NiTi against variation in temperature during one cycle of cooling and heating

process for grain size from 4.1nm to 17.5 nm, and its corresponding atomic configuration (In each snapshot, blue atoms correspond

to B2 austenite structure, red atoms to 819’ martensite structure and gray atoms to grain and boundary): (a), (a’) 4.1 nm, (b), (b") 8.1

nm, (¢), (¢') 12.2 nm, (d), (d)17.5 nm
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Fig. 4 Grain boundary energy at 400 K and 30 K(a) for model of 8.1 nm and phase transformation of grain A and grain boundary

energy at 400 K and 190 K(b) for model of 17.5 nm and phase transformation of grain B (In each snapshot, blue atoms correspond to

B2 austenite structure, red atoms to B19’ martensite structure and gray atoms to grain and boundary)
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Fig.5 Relationship between M;and diameter of grain
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NiTi under different cooling conditions

R3O AR RS A AE AN [F) 74 20 % R AR AR IR AL
Table 3 Value of phase transformation temperature in same

model with same grain size under different cooling rates

ling rate/
Coolingratel /v MyK  AK  (MrA)K (M—MyK

(Kps)
-5 230 190 313 -117 40
-10 200 90 311 —211 110
-15 160 20 310 —290 140
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Fig. 7 Comparison among temperatures of M, My and A
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Fig. 8 Atomic configuration for model of 17.5 nm at different
temperatures under different cooling rates (In each snapshot,
blue atoms correspond to B2 austenite structure, red atoms to
B19" martensite structure and gray atoms to grain and
boundary): (a) 230 K; (b) 200 k; (c) 160 K; (d) Boundary
energy of Fig.8(c)
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Microscopic investigation to influence of grain size and
cooling rate on phase transformation temperature for
polycrystalline NiTi alloy

DING Jun', ZHAO Hao-nan', HUANG Xia', ZENG Xiang-guo’, WANG Lu-sheng', SONG Kun'

(1. College of Mechanical Engineering, Chongqing University of Technology, Chongqing, 400054, China;
2. School of Architecture and Environment, Sichuan University, Sichuan, 610065, China)

Abstract: The molecular dynamic simulation was conducted to analyze the influence of grain size and cooling rate to the
phase transformation temperature, and the phase transformation mechanism for the alloy was also studied. The result
shows that when the cooling rate is —5 K/ps, as the grain size decreases from 17.5 nm to 8.5 nm, the martensite formation
temperature decrease from 230 K to 80 K, the number of nucleation point also decreases gradually and only nucleate
inside the grain, the martensite grows towards the grain boundary in the process of cooling. When the grain size decreases
to 4.1 nm, the transformation is suppressed. In the process of heating, the nucleation point of austenits nucleates near the
grain boundary and grows towards inside of the grain. When the cooling rate increases from —5 K/ps to —15 K/ps, the
finish transformation temperature of martensite decreases from 190 K to 20 K, the grain refinement increases and the
transformation hysteresis width (4—Mjy) decreases with the increase in cooling rate in the model of 17.5 nm. While the
effect of cooling rate on martensitic phase growth mechanism is relatively small.

Key words: shape memory alloy; phase transformation temperature; cooling rate; molecular dynamics
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