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Mechanical Property of Amorphous Metal
with Dispersed Nanocrystalline Particle
(Molecular Dynamics Study on Crystal Volume Fraction and Size Effects)
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In this paper, large scale molecular dynamics simulations of tensile deformation of amorphous
metals with a nanocrystalline particle were performed in order to clarify the effect of particle size
and crystal volume fraction on the deformation property and the strength. It became clear that the
size effects of particle are very small, and the influence of the crystal volume fraction is large. The
elastic modulus and the flow stress become large as the crystal volume fraction increases. After
yielding of the amorphous phase, the stress of the crystal phase still increases. Thus, the flow stress
of the composite increases after yielding. It prevents plastic localization and improves the ductility.
When the crystal volume fraction is small, the stress distribution is homogeneous in the particle
including near the amorphous-crystal interface. Therefore, chances of the originating deformation
are small, the inside-particle plastic deformation hardly occurs. When the crystal volume fraction
is high, the particles undergo plastic deformation even with small global deformations. After
yielding of the crystal parti:le, the flow stress decreases, because defects are introduced into the
crystal. It is expected that the ideal crystal volume fraction which improve the ductility may exist.
Lennard-Jones potential which is modified to enforce the continuity at the cut off distance was used.
The potential parametes were defined based on Inoue’s three basic principles.

Key Words: Molecular Dynamics, Computational Mechanics, Material Design, Size Effect, Plastic-
ity, Amorphous Metal, Deformation Mechanism, Nanocrystalline Metal, Material
Modeling, Nano-Composite
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Table 1 Potential parameters

Kind of atom a b C

o [nm] 025 | 03 | 035
€[10719]) 0.6

re (nm] 0.786
m[10~2 kg] [ 0.5787 | 1.000 | 1.5880
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Table 2 _Simulation condition
Temperature T [K] 300
Time step At [fs] 2

External stress Oxx, Oz; [MPa] -0.1
Mass of virtual wall M [kg] 2x 10724
Strain rate &y [1/5] 2%10% 2 x 108
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Fig. 2 Potential curve
2-6 MTRG HREFNDOTHEERIICEED

5. ZIZT, NIRIIEENDLFEFHTHD, Ny,
Namo BRENENFHRBICEBNT, &EHE, 7T
Ty AMIIEENZIETFOEETHB. F3 IR
URFROBAMIZ 100 AETHS. i, L3
RETOFEAIETHS. BRRTTE ARIR
DORETIE, TNETRHARINTVBELDTF/#
BT ENT 7 AR T, RENTEN3ImmMS
50 nm, AFETRNS N5 40 BDWETHZD %25
BL7. ‘Model B’ & ‘Model C’, ‘Model D’ & ‘Model
E' & ‘Model F i3, TR ZNEERFERIIFRLTH
O, BHESBENERZDESITHELTHD, ‘Model A
& ‘Model C’ & ‘Model F, ‘Model B’ & ‘Model D’ &
‘Model G’ 1, TNTHHEIENFR LT, EbITFE
BENRBDEIOIIH/ELTVS. ZDEIIZ, FHE
Tid, RN TTHREESEERSEOREBLMEGICH
BLUTGERTEZREREIZILTWS, i, ‘Model
H B&EEHESERWTENT 7 AHDBDETIVT
H5. 2B, TITRIARbMNSRIERMERNT
Wi, BEHOERZBIEVWIZEREETOR
b OFEMWML T3, F—HROMETOHLE
ETRS DI, BEICL, SEAOERYRITE
CTT7ENT 7 AHOLHED DBRIEEE(LERILE
NH5. LMLENS, THEbIIITKa & c OFMHH

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

F RS TENT 7 ARBO RN 35

REEEHE->THBY, TEalcDHENSRBTEIN
77 ADWH — T HEERN, TITHWTWSTE
W77 ADHDEFIF—BT DI ELERBLTNST
EMS, TRLDEEOXBINZINEELSND. 5]
BOTHEEL, BEFEDDIZVModel A’ &’Model
B IZHMLUTIL, £y =2.0x10°1/s & &y =2.0x10% 1/s
D@D EL, EBRNFEFRODPBNVNETINTULT A
HEOFEBERMNTS. FNUSNDOETIIICHL T,
&y =2.0x10° 1/s £ 3.

B, PEISECTETINVRIZHRE TOYET
FEL RSN TEER BRGEREIER F 2HRLL
THIL, ‘A(LI19R6f10) R EERELTHIEITT 3.
ZOHTIE, ‘Model A’ DA~FH: L~ 19 nm, & RKL
FEBER~6nm, HREEIE f~10%EE%RT 5.

Table 3 _Sizes of simulation models

Model || N(Nery/Namo)(mill.] | Lnm] | R[nm] | f[%]

A 0.258(0.029/0.230) | 19.4 5.6 10

0.263(0.096/0.170) | 19.4 8.4 34

0.871(0.096/0.778) | 29.0 8.4 10

0.890(0.325/0.572) | 29.0 12.6 34

1.714(0.325/1.396) | 36.4 12.6 17

2.942(0.325/2.624) | 43.7 12.6 10

3.013(1.097/1.932) | 43.6 18.9 34
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0.860(0/0.860) 29.1 0 0
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(iv) F(L43R12f10) (& = 2 x 10° 1/s)

(v) GILA3R1934) (g, =2 x 10° 1/s)  (vi) A(LI9R6f10) (gy =2 x 108 1/s)
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(vii) B(L19R6f34) (gjy = 2 x 108 1/5)

Fig. 3
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(viii) Relationship between f and E
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(ix) Relationship between f and o¢

(i) and (ii) the stress-strain relations of the composite with the same volume fraction and different

particle radius; (iii) comparison of the influence of the crystal volume fraction while the size
of the crystal particle is the same; (iv) and (v) the stress-strain relation of amorphous phase,
crystal phase and averaged body of ‘Model F’ and ‘Model G’, respectively, for faster strain
rate &y = 2 x 10° 1/s; (vi) and (vii) the stress-strain relation of ‘Model A’ and ‘Model B’,
respectively, for slower strain rate &y = 2 x 108 1/s; (viii) the relationship between the volume

fraction f and the tensile elastic constant E; and (ix) the relationship between f and the flow

stress O¢
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Fig. 4 Equivalent stress distribution in the cross-section z = L, /2: The stress was evaluated by the use

of the weighted function scheme®?.
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Fig. 5 Defects distribution in the crystal particle: The local structures were analyzed by common
neighbor analysis(CNA). The gray atoms have the hcp structure, and the dark atoms have another

structure than hcp and fcc structure.
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