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Fig. 1. Original atom structure of the nano-polycrystal
iron sample with four hexagonal grains. Atoms are
colored with the CNA method.
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Fig. 2. (color online) Stress-strain curves of nano-

polycrystal iron with different grain sizes under ten-

sion loading.

9.0
8.5 A =
8.0 - \

7.5+ =~

Peak stress/GPa

7.0 ~

6.5 I -

0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55
d=1/2/nm~1/2
B3 AR5 SRR ST R

Fig. 3. Relationship between peak stress and grain size.
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Fig. 4. (color online) Snapshots of nano-polycrystal iron
under different tensile strains (circle A shows the nucle-
ation of deformed twins, circle B shows the nucleation of
a grain boundary crack): (a) Grain size of 3.95 nm, strain
of 0.06; (b) grain size of 3.95 nm, strain of 0.105; (c) grain
size of 17.50 nm, strain of 0.06; (d) grain size of 17.50 nm,
strain of 0.105.

236201-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 38 % 3k Acta Phys. Sin.

Vol. 65, No. 23 (2016) 236201

TEAKZ &/, A e 2 U AH 48
eRLR . HR, Y5 T2 RS )R AR AR T B
A B H N 738 B SR R R S 2 B A,
FARTE B8 0 220k 55, A 2 CAY R AH A0 kL AR T,
b 5 AR B, 5 22 5 B0R SR IR, AT Y R
g P TR I W T K Z e E . A
Kl 4 (d) /T RAE Y, 7E 35 diohi Al 4 -5 SR AH 4R Y i
R EHG NS, KRBT ZS A58
) 2E B, A 552 B AR R AR K, B 7 éf Ak
£ 26270 Ak ok 4 b R 2R A TR A R
Ak, Wl FEBEAG, TR ZE, 2 i Rl A AL B 4
w281 R 7 B P A 0 T SR T L . R
T, AT/ SRR AR A, B R AR TA 3] 0.2 I
B RGO T AT R /N
JUS A (1) BB VAR T DA S 8 o =, RSS2
A7 AE T LT N T A R A, T R e
T i T AL IE B 77 5 A JE DS i 5 52 B 4
3, SRR R VIR AR AT S RIS T, i S A 2 T
FREREC. RT K SRR RST T EAL, L0 TE e
JIEVERE AR — A E B ER. B2 p Ry -
5 {2 1 BB BRI DA S U2 3], K AR R~
BRI ) B AR /) R RSB R B A B, 7T
DLIE I 980 df R RS BEAS 90oK 2 8 4 J8 A RE R L
FITE R, 1% 5 Jeon %5 4] (R 7045 S —2K

YK 2 S ERTE SV AR T G R R S e A AR T AR
i, BEE NN, BRAEGSRAETE. B
28RV {112} 22 I, (111) 2B 5 R AR5
B PON RS I OIS W F VAN LD NE AT S
TS AR T 1ok R AR G AR TR, B 5 A T
B RSF M 17.50 nm BI4HK 2 &b kA8 S A 8248 73 5l
50.095, 0.108 A1 0.144 R 454 1. W 5 (a)
5 (c) AT LA H, 76 25 Skl A 40 e 5 Sk 45 1 )
AR REE R WES (d) BBOCE]
DB H, 245 1/12(111) AR {112} 2851 k-
P B Sk A8 7 AR R R B, T80 R EIT
B 129501 3 bee HR U, S IR T 1 HE B
JEHERE/N T B8 25 i T BT 7 B I HE U S g
T CATE bee 942K 22 ik Hh B8 A T % B S 2 1Y) 28
Gl 5 (d) FoR. BeAh, k2 Sk e R AR
e I TR, XEH TSR
20 i THT RN 25 gt ot 300 4, 2 o THD A A S T g A
siry ity S A Sl e ST U AR o 0 o S A )
X IR AR5 R AR R, B T 2R i P R B
P, B ZE S RE B, 25 S T K B2 4

K5 (a)—(c) B, BEE SR IE N, i Fel A i 22 i
S 748 0 e oL P9 SRS Bl 22t T IZ ARG /D, 247 it g
P8 FITA X L ity FI 2 g T 7 4 2K

5 (MFIRA) &k RF N 17.50 nm MR 2 ke
ANTF RAE T R A B (R AR ERRIRAE ) (a) M
2574 0.095; (b) BiAEN 0.108; (c) MAEN 0.144; (d) 2545
L ONGET AN

Fig. 5. (color online) Snapshots of nano-polycrystal

iron with grain size of 17.50 nm under different ten-
sile strains (circles in black show detwinning in nano-
polycrystal iron): (a) The tensile strain is 0.095;
(b) the tensile strain is 0.108; (c) the tensile strain

is 0.144; (d) magnified view of deformed twins.
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Fig. 6. (color online) Snapshots of nano-polycrystal
iron with grain size of 9.70 nm under different ten-
sile stains (circles show the nucleation of deformed
twins, red arrows show migration of deformed twins,
and black arrows show dislocation): (a) The tensile
strain is 0.058; (b) the tensile strain is 0.106.
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Abstract

The nanocrystalline metals are widely investigated due to their unique mechanical properties. Currently, the
available studies about deformation mechanisms of metals mainly focus on face-centered cubic metals such as Ni, Cu
and Au. However, the body-centered cubic metals are still very limited, despite their industrial importance. Here, we
investigate the effects of grain size and temperature on the mechanical behavior of nano-polycrystal a-Fe under uniaxial
tensile loading by using molecular dynamics (MD) simulation. The models of nanocrystalline a-Fe with the grain sizes of
3.95, 6.80, 9.70, 12.50, 15.50, 17.50, 20.70 and 26.00 nm are geometrically created in three dimensions by using Voronoi
construction, and these models are relaxed to reach an equilibrium state. Then, each of them has a strain of 0.001 along
the Z-direction in each step, keeping zero pressure in the X- and Y-directions until the strain increases up to 0.2. A
1.0 fs time step is used in all of the MD simulations. Based on the data output, the stress-strain curves at different
grain sizes are obtained. The results indicate that the peak stresses of nano-polycrystal a-Fe decrease with the decrease
of grain size, exhibiting a breakdown in the Hall-Petch relation when the grain size is smaller than a critical size. The
major deformation mechanism is found to change from dislocation slips and twinning-mediated plasticity in a model with
a larger grain size to grain boundary sliding in a model with a smaller grain size. It should be noted that twinning is
formed by the emission of 1/6(111) partial dislocations along the {112} slip plane. The results show that crack formation
during tension is a cause of reducing the flow stress of nano-polycrystal a-Fe with a large grain size and that the Young’s
modulus of nano-polycrystal a-Fe decreases with the grain size decreasing. The main reason for the crack nucleation is
here that grain boundaries perpendicular to the loading direction bear higher stress and the twin band interacts with
grain boundaries at a larger grain size, causing the stress to concentrate at the intersections of grain boundaries. The
results also show the detwinning behavior and migration of deformed twins in nano-polycrystal a-Fe. The detwinning
behavior occurs via the migration of the intersection of grain boundary and twin, and this intersection is incoherent
boundary. The migration of deformed twins proceeds by repeating initiation and glide of 1/6(111) partial dislocations on
adjacent {112} planes. In addition, we find that the nucleation and propagation of dislocation become easier at higher

temperature than at lower temperature.
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