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Comparison between generalized stacking fault energy selected
body-centered cubic metals and alloys
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Abstract: The generalized stacking fault energy surface (y-surface) of three BCC materials, Mo, f-Ti and Ti2448
(Ti-24Nb-4Zr-8Sn (mass fraction, %)) on the two main slip planes was simulated using static method to compare their
shear deformation properties. The EAM potential for Ti2448 constructed in our group was employed to compare. The
results show that, for the metals and alloys investigated, the slip systems are {110} (111) and {112} (111), and with a
Burgers vector of 1/2(111). The [1] direction on (112) plane is twinning direction. The shear modulus, energy barrier for
dislocation and twinning nucleation and critical stress from high to low are Mo, #-Ti and Ti2448.
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embedded-atom method potential
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Fig. 1 Schematic showing slip on (001) plane (a) and (10)
plane and (112) plane (b) (u is

represent Burgers vectors in each slip plane)

slip vector, red arrows
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Fig. 3 y-surfaces of (112) plane of three kinds of
materials: (a) Mo; (b) f-Ti; (c) Ti2448 (Arrows represent

twinning and anti-twinning shear directions)
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Fig. 4
direction of three kinds of metal and alloys: (a) Mo; (b) £-Ti;

Multilayer y-surface on (112) plane along [11]

(c) Ti2448 (N layers indicate that homogeneous shear occurs
among N atomic layers; abscissa axis shows amount of shear

for each layer; b is Burgers vector)
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Table 1 Calculated twinning energy of three kinds of

materials in cases of (10)[111] and (112)[11]monolayer slip and

(112)[1] twinning
Calculated twinning energy/(J-m?)
Material (1oy[111] (112)[11] (112)[1]
monolayer slip  monolayer slip twinning
Mo 0.913 1.101 0.486
p-Ti 0.282 0.566 0.155
Ti2448 0.274 0.315 0.106
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Fig. 5 Stress—strain curves of three kinds of metal and alloys
on (10) plane along [111] direction (a) and (112) plane along
[11] direction (b)
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Table 2 Calculated yield stress of three kinds of metal and [2]

alloys
Calculated yield stress/GPa
Material
(10)[111] (112)[11] (112)[1]
Mo 12.449 13.322 13.243
(3]
p-Ti 4.465 3.866 3.569
Ti2448 2.555 3.035 3.009

Fz3 3 AR B S
Table 3 Calculated shear moduli of three kinds of metal and

alloys
Calculated shear moduli/GPa
Material
(10)[111] (112)[11] (112)[1]
Mo 194.800 89.086 86.549
5
p-Ti 52.217 12.021 24.770 1
Ti2448 26.768 10.843 11.235
3 it te)

1) XTI 3 Bhd e LA, (10)H) 32
BERETLONRR, R ZEBE LA L ERNZ )
gFs TLI2) M AAGIFR, BEBIE [ 7 1) BY DI A7
AR TEAT Ao =BT RS, WIRTREHILER (8]
PIAKIFRAT g5 T A AR 5 T, WA 107 1)

By A] P AR

2) 3 FRPRHE {1103 A0 {112} 10 AT R 2220 30 A [9]
{110} (LTDAT{1123¢111y, ARSI 1/2(111).

3) BYPIRLE | AR ANAR BB BE 22 5 e IR, )
MM Moy A-Ti H1 Ti2448. (112)[f25% 5 A
Lt R A 2235 LL(LOY I [ 111 ] 7 ) FROAEG,  1f ot I Y g 42
U, UEAAR LN PRI 3 B AL G 8 S i
BEIPPEAZTENENZ —5 RT Mo, ZRdnds/NERER 2
2, TXTB-Ti Al Ti2448, 28 i/ NERE R 3 2.

REFERENCES

[1] BRICK V F. Deformation of ferrite single crystals [J].

Transactions of the American Institute of Mining and

Metallurgical Engineers, 1953, 197(5): 700—706.

A R SRR A BN ). o A A AR,
2010, 20(S1): s1034-s1038.

LI Zhong. Applications of titanium and titanium alloys in
automotive field [J]. The Chinese Journal of Nonferrous Metals,
2010, 20(S1): s1034-s1038.

HAO YL,LISJ, SUN S Y, ZHENG C Y, HU Q M, YANG R.
Super-elastic titanium alloy with unstable plastic deformation [J].
Applied Physics Letters, 2005, 87(9): 091906

B, 2R 7%, MR, 7 Bl Ti2448 SBAEAIF AL
T IRI AL TEAUBI]. B 8 %4, 2010, 20(S1):
s83—s86.

TIAN Yu-xing, LI Shu-jun, HAO Yu-lin, YANG Rui. Elevated
temperature deformation mechanism of Ti2448 alloy at different
strain rates [J]. The Chinese Journal of Nonferrous Metals, 2010,
20(S1): s83—s86.

LU G KIOUSSIS N, BULATOV V V, KAXIRAS E.
Generalized-stacking-fault energy surface and dislocation
properties of aluminum [J]. Physical Review B, 2000, 62(5):
3099-3108.
HARTFORD J, von SYDOW B, WAHNSTROM G,
LUNDQVIST B I. Peierls barriers and stresses for edge
dislocations in Pd and Al calculated from first principles [J].
Physical Review B, 1998, 58(5): 2487-2496.

VITEK V. Intrinsic stacking faults in body-centred cubic crystals
[J]. Philosophical Magazine, 1968, 18(154): 773—786.

FINNIS M W, SINCLAIR J E. A simple empirical n-body
potential for transition-metals [J]. Philosophical Magazine A,
1984, 50(1): 45-55.

ZOPE R R, MISHIN Y. Interatomic potentials for atomistic
simulations of the Ti-Al system [J]. Physical Review B, 2003,
68(2): 024102.

WAL, M, ¥ Bi, SACHDEV A. SKEI9(011 14674
AR PRI A% S AB B 2313 0 S AU D). BRE£E AR, 2013,
58(35): 3722-3732.

XU Dong-sheng, WANG Hao, YANG Rui, SACHDEV A. MD
simulation of asymmetric nucleation and motion of (011]
superdislocations in TiAl [J]. Chinese Science Bulletin, 2013,
58(35): 3722-3732.

(%RiE  ZFiR4D)



