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Fig.1 Simulation model for titanium nano-pillars

JR T RIS TAES | AR R R R T AL
A, ATBLRIR N

pi=2.p;(1) (2

piry) & j AT A AN FAES @ AN A DTk
HLfr 5 B2,y 250 i NIRRT 528 j AN R 2 I ER ES
X ANE R 8, 1N B RR BBONDRS 34 e 0 75 40 1 40
4 & I WS BRI GE .

Ackland S5AE ELAM b I8 Gk FOLA 4 i 1) s R R

RBEEE. PAERGEE. BERE AR mABICRSG H Ti
12 RSk . o (1)U (1) 22 R I8 S 0 #4510 43 ) 2 =
pi(r}j):iAk(Rk_rZ'j)3H(Rk_r;'j) (3)
;)= Y a(~r HO; ~1,) @)
k=1
fnx)={0’ =0 (5)
1, x<0

X 4 R aw re AFEEL FFH R>R,, ri>r>
>re, EATHRHARE S B A F AT A . B 2 AT
TR H EAM B0 A he th e . v 8% R it 2 ik
ANBEHIZE, & T # 68 2 AP,

2 ZREVE

2.1 R ELH

Kl 3 AU RS () B T P R ) TR A -
FAR 2k . v AR R AR AR TR, N ) BE A AR ) R
P& K . AEIE BB TR X ], BERLI ARG, IR
T B CRFFRCUHE S, U B A 1) 457 B8 A (4R R
MRV e R A BT . A RN 1k 4.55 GPa &
BESR T IR — B ME, THARKEBRE.

Kl 4 Pror g AR5 b 2 K AELE 0001 7] b7 A 7
NI TSR AE (1120) 8 T 3tk b 2, SR CNAT
JNEMN R FHATE 6, B4R hep HHEN
Ji s R, SR TARE fec SiMIMEHE, KEIR
TREELM R T B AL . SALEEE . 9D RIA 5
3.98% Jii A RLHE N AR B Y BE, fE (1100) 3% 10 5
(1120) R T [ A8 FAb A Jay 38 b A & 1), B AR 2R AR
WK 4a fion. M 4b ITLUER], M4BT E N 4.06%
I, 28 BT AR A, 2 g R AR L IR R
KNEH B OISR SR EILT 9.62%, 2F
fi o PR E  aT B g X, i R e S IE R
SR R 66.85%M, FEAR Y i HH B LT 2
PRI B4R NS, il 4d Fios. BbJE, S48 % o i
o AT F LA PAEIMATIAL, S A E AR
ARAAE B4 DRI W g A, A AN TR ek /)



% 6 1 F P

¢ BRE AR AR IR AN BRI 50 T30 73 27 B4

* 1837

18

161 a 25k b c
14 20l
12+
%10- ,:15-
5 8¢ ‘5110_
6-
4t 5
o 0
0 \ \ \ \ . ! . . . . . . -25 R S S
0 1 2 3 4 5 0 1 2 3 4 5 0 5 10 15 20 25
7/ x 10" nm 7/ x 10" nm p/x 10 eV-nm’!

K2 EAM #HRERBCRAC L : T8 aEmsl; BT ® M AR

Fig.2 Variation curves of EAM potential energy function: (a) pair potential function; (b) electron density function;

(c) embedding energy function

(9]

w B
T T

[\

Stress/GPa

—_

0
0.0 0.1 02 03 04 05 0.6 0.7
Strain

B3 el o v i B g - A i 2

Fig.3 Typical stress-strain curves subjected to uniaxial tension

A8 g AT FH T 5 R HE S 1 TR R Tl R Bk 1) e
AR LT e 2R S IR AR A AR SRR S I, R 2R i X
BRI BEAR DX 35 T, HLIX AN ST 5 1 ) £ B A ]
B, IS AL RL S A G5 R B R T e T, e gtk
an R, SR I AR T AR e B A (1102) Bz {2 g A
(1122) He i 2m g U517 7 [l — P 1T P 32k B 0 9 47 T 3
AFIZE ¢ Bl 2 AU T IR 2 AN a AT b, A
de T bR, Wik OVITO 15 2 410 &8I f o 84.7°,
Bl Sa Fron ek i RS L, 0 h(0001)3E 1 15
(1102) 22 & T 2 18] (1) 9 £ -

tan@zﬁ (6)
A, a HEHS TR ALK, ¢ b FRIIK

. THEAEE 0 N 85°, SRHI4 RITA, )
B A {1102} A2 o SR, 3 3o o 3 B 1 T LA
BH, {1102} 22 5 S BR T {1102} 242 il , A7 (6L H/
}E: 1fil (basal/prismatic, B/P)1 A% /2 [fil (prismatic/basal,
P/B)AT I AT 1T, B St 16 A 2 i s ) W2 A4 A 1

AR T X 8 2 B T R B A G R o 2015 4, Tu 201
TERFFUER . AT AZ31 B B AR 2R Sk v, oW
SR T AN T . B A AT, SR TE S
DA SRR B R T 3300, Bz X 38N AL
CORAERERK K, ¥Rk SO A e, %
B AT 2T 2L
IR A AR TEAT 0 5 3 BT A R
07 5 WA N ARE AR A7 A Sk 35 1R S AE QI o 4T hep &2,
A B HITE R R D, SN A NI RS A LUK R
SR, DA hep 4@ 28 AE N AR S LRAAR, i ZR2E SIS
IARREAN S® RIE L, BT AN i RAEER RS . 224
AT 0 n] LA Jog 30 AR 5 0 ml [) B Bl R A 1) R A
) (R AR, AR B R R SR AT o 28 A 00 78 R Y 4
AL TEAZ, 28 i TG A% BT 75 B2 0 . ) 3z LA 4 i A R
P NCSHINPN < R BNA S 2 S A DU~ ECF B2 Rota
INf R g - M2 2 AT TSR N I, AR AE B g - AR i
TR IR IR AR XS AR T R AR
(1) N T3 AR b, TR SN - AR e b A2 AH I R e AR o
Kk — BT AR AR R R s s A, R
— A Ik (1120) 1 J57HE 51 W IR N 53 T hep-Ti (1)
AR JUfTRFAE « ] Sby S s TR AR AR AR i R
J[O001TER i) 3] [1100] B 17) (1548 FE WL o e o sz 2k ROR
B KRR AR FHES, BERn o REDEE
DSk I SR HES . AR (6) TS 0 M(E R 85°, 2
1 90°. AR/t 4 FPEUEARR B A A A 4
K7, W sb k. W, #[1101] & A 1)
PN 3 A8 R 2 A $E R IR BN AR T -
_\/ga—c

zz

=0.09 D)

C
MG 2C(7) T S VR 0001 ] 4 ) (O YA & =0.09 5 [7] B
WAH [1100] 4 L IR AR & = —0.09 o i BV RE A



© 1838 -

Wy @A RS TR

848

Bl 4 BRA G N K AE B AR TE AN [ B BE [1120] & 1 J5 7 HE 51 1)

Fig.4  Schematic diagram of atoms arrangement along the

[1120] direction on the single-crystal titanium pillar
under tension loading of ¢=3.98% (a), ¢=4.06% (b), &=
9.62% (c), and £=66.85% (d); a close-up of the boundary
marked by a rectangle in Fig.4b (e), and a close-up of the
necking marked by a rectangle in Fig.4d (f)
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(d) atomic configuration view from [0001] direction
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Unsymmetry of Tension and Compression in Titanium Single-crystal
Nanopillars Based on Molecular Dynamics Simulation

Li Ping, Chu Qian, Yan Siliang, Ji Xiaohu, Xue Kemin
(Hefei University of Technology, Hefei 230009, China)

Abstract: The plastic deformation mechanisms of the titanium single-crystal nanopillars under both tension and compression were studied
with the molecular dynamics simulation method. In this work, the research focuses on two aspects around the microscopic deformation
mechanisms: stress-strain analysis and the evolution of atomistic configuration. The results indicate that the {1012} twinning and
stacking fault dominate the tension deformation along the [0001] direction. The <a> slip is the principal factor leading to the initial
yielding and then the <c+a> pyramidal slip occurs to coordinate both vertical and horizontal strains for the compression condition along the
[0001] direction. Additionally, no twinning is found in compression. Besides the conventional {I012} plane, semi-coherent
basal-prismatic interfaces between parent and reoriented crystal are also observed under tensile loading.
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