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Fig. 1. Initial model of BCC iron impact.
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Fig. 2. The simulation of a single crystal iron model which
was impacted along [101] crystal direction (the impact
speed was 1.05 km/s): (a) The stress in the impacted
sample at different times; (b) the impacted sample at 8 ps.
Blue and red parts represent BCC and HCP phase, respect-
ively; green part represents FCC or stacking fault of HCP
phase.
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Fig. 3. The atoms’ configuration on the (101) plane after

impaction (blue, red and green balls represent the iron
atoms in BCC phase, HCP phase and FCC phase (or stack-
ing fault of HCP), respectively.
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Fig. 4. The formation mechanisms of HCP and FCC phase under impact of BCC iron along [101] direction: (a) The BCC-HCP
phase transition mechanism of a structural unit; (b) the atomic motion of (101) plane (yellow arrow represents the contraction dir-
ection of (101) plane, and black arrow represents the relative sliding direction of (101) plane (atoms 1—6 and 7—9 correspond to
the first and second atomic planes in (a) respectively; u is the relative sliding distance of (101) plane); (c) the change of atomic dis-
tance with impact time; (d) BCC-FCC phase transition mechanism (set the face center atom in the structural unit to yellow for

easy observation); (e) the change of lattice constant with impact time.
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Fig. 5. The transformation mechanism of BCC iron under uniaxial compression along [101] direction: (a) Three snapshots during

compression (b) the variation of stress, lattice constant and energy of single atom ( Eiory ) with loading time; (c) the phase trans-

ition process of a structural unit (set the face center atom in the structural unit to yellow for easy observation).
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Fig. 6. The phase transformation mechanism of BCC iron under simultaneous compression along [101] and [101] directions:

(a) Three snapshots during compression; (b) the variation of stress, lattice constant and energy of single atom with loading time;

(c) the phase transition process of a structural unit (set the face center atom in the structural unit to yellow for easy observation).
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Fig. 7. The transformation mechanism of BCC iron under simultaneous compression along [101] and [010] directions: (a) Three

snapshots during compression (blue and red spheres represent the iron atoms of BCC and HCP phases respectively); (b) the vari-

ation of stress, atomic distance and energy of single atom with loading time (the atomic distance corresponds to the atom in (c));

(c) BCC-HCP phase transformation process (yellow arrow represents the contraction direction of (101) plane, and black arrow rep-

resents the relative sliding direction of (101) plane).
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(b) 40 P
Q‘f 30 1-—3.90 3
.’% 20 4 —4.05 ;
= 10 : 1420 3
o s e
: qm
g : = '
a Pl — do—y — do-s
g 2.8 : i = do—2 — do—5
P do—s — dog
X 26 i
;’;;’ié
2.4
nZ 1 I .
0 5 10 15 20
JnZketa) /ps

3.5 ps

Kl 8 BCCHKTE = MRS N A HLIL  (a) M4 2 i = AP B8 (5 @R £r & i Bk 4 5148 3 BCC AR HCP A7 I 265 ),
(b) KL J3 | SR B B DL B B i Al B 28 B 18] 9 A8 0k (R FEEES 5 (c) WP B ARXT BE); (c) BCC-HCP MAZ ML (35 (5 kA%

2 (101) I Wi Jr ), PR, S A3 (101) T AR X A% 77 1m) )

Fig. 8. The phase transformation mechanism of BCC iron under triaxial compression: (a) Three snapshots during compression (blue

and red spheres represent the iron atoms of BCC and HCP phases respectively); (b) the variation of stress, atomic distance and en-

ergy of single atom with loading time (the atomic distance corresponds to the atom in (c)); (¢) BCC-HCP phase transformation pro-

cess ( yellow arrow indicates the contraction direction of (101) plane atom, and black arrow indicates the relative sliding direction of

(101) plane atom).
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Fig. 9. Gibbs free energies of BCC, HCP and FCC phases

change with pressure.
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Formation mechanism of face-centered cubic phase in impact
process of single crystal iron along [101] direction”
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Abstract

The impact phase transformation of body-centered-cubic iron is one of the hotspots in current research.
Many studies demonstrated that when iron is impacted along the [100] direction, body-centered-cubic phase will
transform into hexagonal close-packed phase; while when it is impacted along the [101] direction, a certain
amount of face-centered-cubic phase will also appear besides hexagonal close-packed phase. The transformation
from body-centered-cubic to hexagonal close-packed phase has been clarified, however, the transformation from
body-centered-cubic to face-centered-cubic phase still needs further exploring. In the present work, molecular
dynamics simulation is used to study the phase transformation of body-centered-cubic iron impacted along the
[101] direction. The results show that the body-centered-cubic phase will transform into a close-packed structure
including hexagonal close-packed phase and face-centered-cubic phase). The formation mechanism of face-
centered-cubic phase is as follow. In the loading process, single crystal iron suddenly contracts along the [101]
and [101] directions, and expands along the [010] direction, leading to the transformation from body-centered-
cubic phase to face-centered-cubic phase. The formation mechanism of hexagonal close-packed phase can be
divided into two stages: first, (101) plane is compressed into close-packed plane, then hexagonal close-packed
phase is obtained by the relative sliding of adjacent close-packed planes. To further investigate the formation
mechanism of the close packed structure, the effect of stress state on the phase transformation of body-centered-
cubic iron is further studied. Under one-dimensional (along the [101] direction) or two-dimensional loading
(along [101] and [101] directions), the body-centered-cubic iron transforms into face-centered-cubic iron. In the
loading process the lattice constants along the three dimensions are monitored. When the transformation from
body-centered-cubic phase to face-centered-cubic phase finishes, the ratio of lattice constants along three
directions is 1:1:1.31 under one-dimensional loading; while the ratio of lattice constants is 1:1:1 under two-
dimensional loading. Obviously, the body-centered-cubic phase transforms into distorted face-centered-cubic
phase under one-dimensional loading. Under two-dimensional (along the [101] and [010] direction) and three-
dimensional loading (along the [101], [010] and [101] direction), the body-centered-cubic phase transforms into
hexagonal close-packed phase. Gibbs free energy value for each of BCC, HCP and FCC phase is calculated. The
calculation results show that the BCC phase is stable under low pressure, while the HCP and FCC phase are
stable under high pressure. Finally, based on Gibbs free energy and the effect of stress state on the phase
transformation, the phase transformation mechanism of body-centered-cubic iron under [101] impaction is

investigated, and a reasonable explanation for the phase transformation is obtained.
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