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Table 1.  Parameters of single crystal Ce sample for

MD simulation.

e x ARy AR R 2 R A

g RS /mm Rsf/mm RoF/nm JFH

[001] [100] [010] [001] 5.00x 106
25.8 25.8 255.5

[011] [100] [011] [011] 4.83x108
25.8 25.5 251.9

[111] [112] [110] [111] 4.88x10°
25.9 25.6 253.7
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Fig. 1. Density profiles of different loading orientation and
strength (u,) for ¢ = 80 ps.

116202-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 11 (2020) 116202

HE 1 AT RUE Y, ERSS R T, whis
W W T R B A A, AN — A SR TR AR . v, =
50 m-s ' 8 w, = 100 m-s ' I}, 7 [001] & [a] 02
T, BT A R R SR R O T, R
AR [L11] ] 04T 4 8 4 T 5 i A L
S U R [011) R R P T LT
e E BT O RS u, = 150 mes LY,
[011] o 4% A5 Sy 2R3 45 4, AU — > 5k ik
(111] o2 i) P 8 Js F- 5 A B R A AR, P XS 45
FFEAT o3 BIRBR T fee @ik ZAMEA L5 | )25
SEGREE (AN 2), BB 7.4 grem ? (WL 1),
KR EL v — o HHAE, AR R EAR N BB YEAS B
A5 R

2 [111] A1 e R SR T RS (a) 2ATIR
T (b) DXA 737 W AL AE I KL 5 T foe Z5H 1. 20 ()5
F R R fee, L0604 hep, # (44 bee. (b) H & &R 7
B £k Shockley fi i 5 , T (8 A fr g, B 0 A
FFOL4S. w, = 150 m-s !, B[] ¢ = 80 ps

Fig. 2. Microstructure of the sample shocked along [111]:
(a) All atoms are shown; (b) only non-fcc atoms are shown.
Color coding: Green for local fcc atoms; red for hep; blue
for bee. Dislocations are illustrated with tubes in (b): Green
for Shockley partials; deep blue for perfect fec dislocations;
light blue for stair-rod dislocations. u, = 150 m-s!, t =
80 ps.
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Fig. 3. Microstructure of the shocked samples. The shock
orientation is along (a) [001], (b) and (c) [011], (d) and
(e) [111], respectively. Atoms in fcc structure are hidden in
(c) and (e). u, = 200 m-s !, t = 80 ps.
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Fig. 4. Shock Hugoniot for single crystal Ce: (a) Shock
speed vs. piston velocity; (b) pressure vs. particle velocity.
Experimental data is cited from Ref.[20]. The — symbol in
(b) represents the statistical standard error.
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Fig. 5. Pressure profile for each loading orientation at u, =
200 m-s! and ¢t = 80 ps.
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Fig. 6. Temperature-pressure condition of shock-induced
and hydrostatic phase transition.
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Fig. 7. Radial distribution function of the sample before and
after the shocks.
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Fig. 8. Phase boundary of shock induced transition. Shock
orientation: (a) [001]; (b) [011]; (c) [111]. The atoms of fcc
structure with larger atomic volume are hidden. u, =
200 m-s!, t = 80 ps.
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Abstract

Cerium (Ce), a rare earth metal, undergoes a significant (14%—17%) and discontinuous volume shrinkage
when subjected to ~0.7 GPa compression at ambient temperature: there happens a first-order isostructural
phase transition from 7-Ce phase to a-Ce phase (these two phases are both face-centered-cubic (fcc) phase).
Because of the a— 7 transition in Ce under shock compression, the shock front in cerium exhibits a 3-wave
configuration: elastic precursor, plastic shock wave in 7-Ce, and phase transition wave corresponding to the
Y — « transition according to the experimental observation. In this paper, a recently developed embedded-
atom-method (EAM) potential for fcc Ce is employed in the large-scale molecular dynamics simulations of shock
loading onto single crystal Ce to study its dynamic behavior, especially the shock-induced a— 7 phase
transition, and the orientation dependence with [001], [011] and [111] shock loading. The simulation results show
single-wave or multi-wave configuration for shock wave profiles. Under the shock loading along the [001] or [011]
crystallographic orientation, the shock wave possesses a 2-wave structure: an elastic precursor and a phase
transition wave, while under shock loading along the [111] crystallographic orientation, the obtained shock wave
shows a 3-wave profile as observed experimentally. Thus the shock wave structure is obviously dependent on
loading orientation. The Hugoniot data obtained in MD simulation show good agreement with the experimental
results. The shock loading MD simulation shows lower phase transition pressure than hydrostatic loading,
indicating an accelerant role of the deviatoric stress played in the shock induced ¥ — « phase transition in Ce.
The local lattice structure before and after shocked are recognized with polyhedral template matching and
confirmed with radial distribution functions. Under the [011] and [111] loading, the lattice structure maintains
the fcc before and after the shocks, and experiences a collapse during the last shock (the second shock for the
[011] loading and the third shock for the [111] loading). The lattice structure also maintains fcc before and after
the first shock for the [001] loading, while after the second shock the structure type is considered to be body-
centered-tetragonal (bct) which is a meta-stable structure resulting from the used EAM potential for Ce. The
fce lattice rotation after shock is observed in the [011] and [111] loading after the phase transition, while no re-

orientation occurs in the [001] loading.

Keywords: shock induced phase transition, isostructural phase transition, molecular dynamics, cerium

PACS: 62.50.Ef, 61.50.Ks, 71.15.Pd, 71.20.Eh DOI: 10.7498/aps.69.20200323
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