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Abstract: The crystallization of Ag-Cu alloys was studied by molecular dynamics method (MD) with embedded atom
potential (EAM). The structural developments of Ag-Cu alloys were analyzed based on the variations of internal energy;,
common neighbor analysis (CNA), and atomic visualization technique. The simulation results showed that with the in-
crease in Cu composition, the critical cooling rate of amorphous formation decreased and the glass-transition tempera-
ture of amorphous increased under the same heating rate. The results of CNA showed that the amorphous structure is
main, and a few crystal clusters (bcc and fcc) are in it. Among the amorphous bond pairs, the pairs 1551 increases with
the increase in Cu composition, which is the character of regular icosahedrons cluster. Meanwhile, the pairs 1541 and
1431, which are the character of defect icosahedrons clusters, reduce correspondingly. These show that the stability of
amorphous increases. With the increase in Cu composition, the pairs 1441, 1661 and 1421 are all reduced, the 1441 and
1661 decrease little and the 1421 decreases great, which implies that the nuclei reduce during the crystallization of
amorphous and the glass-transition temperature increases. After crystallization, the fcc structure is dominant but there
are a few defect icosahedrons clusters between the eutectic boundaries. Moreover, the eutectic structure of Ag-Cu alloys
can be transformed from solid solution, net-like into the lamellar morphologies with composition during the solidifica-
tion and crystallization.
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Table 1. The relationship of structure and CNA
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Figure 1. Variations of internal energy of Ag-Cu alloys during melting and liquidus: (a) melting process; (b) liquidus of Ag-Cu alloys
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Figure 2. Variations of internal energy of Ags,Cuy alloy during cooling and crystallization process: (a) cooling process; (b) crystallization
process
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Table 2. Critical cooling rates and glass transition temperature for
Ag-Cu alloys with different Cu composition
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Figure 3. Variations of pairs of AgsCu, amorphous alloy during
heating
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Table 3. The number of pairs of Ag-Cu amorphous alloys before
crystallization with different Cu composition
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1421 1422 1551 1541 1431 1441 1661

AgooCuyp 1532 1918 6476 6294 4815 1520 2061
AggoCuy 1074 1749 7995 5842 4412 1415 2112
AgnCuzp 996 1673 8499 5488 4476 1241 1941

AgeoCus 752 1571 9285 5065 4085 1252 2063

Table 4. The number of pairs of Ag-Cu amorphous alloys after
crystallization with different Cu composition
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Figure 6. Morphology diagram of AgzCuso alloy after crystalliza-
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B 6. AgrCusn &L RILENEER

Figure 4. Morphology diagram of Agy,Cuy, alloy after crystalliza-
tion

B 4. AgsoCu B &R BRI

Figure 7. Morphology diagram of Ag60Cu40 alloy (a) with slow

Figure 5. Morphology diagram of AgsoCuso alloy after crystalliza- cooling rate; (b) after crystallization
tion B 7. AgooCun BB RIFRELEHER (o) EBRAT; ()
5. AgsoCUun & E&RIEHHR ERMALE

Copyright © 2013 Hanspub 153



Ag-Cu 3§

(] 6), —Fh HLR ) Ag + (Ag + Cu) P 3L LI T,
HAEFL S S 28T Ag/Cu N AZ & HEF I FEAR

71:'%ZI<TV3§$EF7F|§J%1¢~FE/‘JA960CU4OQ SRR
2, B 7(@)ABIEREIFIE T, AdeoCus A &t S
LA Z, T 7(0) A AgeoCus &4 ST AR
e GBI IL RN aTRUE , TR H 41
SRR LR AU IR B EAR I B, TR A SR A
JER R, AEONEPIT PR R IR Ag
WA AN 2 18] ) Ag-Cu 3 ff 254 o IX B R 7E RS
IR BT, R TA B/ W IR BEA T8, AT
R3] 7wt R ait . (ER AR,
AR PR #2 2IBCRIBE Y, IR R 126
AT BRVA 2% At T I 3 SR A 2R

4, g5ig

1) BE% Cu &=, Ag-Cu &4 HITE AR
Vo H KR B ARG, 7E AggoClgg i i B ik
B/, A1 x 10°K/s. BEF Cu Sramm, Ik
EEAE S R S

2) fEAES ST, JEdn G & IR S R A R
HIIE IR AR ERE Cu S g m, =*
B Cu & &3 = [ 8145 Ag-Cu JE & IFsE tEdegm. C

SRR, EREET RO, y\ffﬁﬁﬁﬂ?
o n IR P 5

3) Ag-Cu kA & antb 5 3t fni Ak, f7fE—
86 I e A SR T M RO R TR, Cu SR,
A P THASE R Z , HAE AdeoCuUs JL i RUALIE E
K.

4) 4 Cu &2 M 10%35 I E] 40%H}, Ag-Cu 3t
RITES M ENEARTE AR I it ) 2RI i A . R
X T 07 IR 3 i 1R AgeoClao & 4K H Ze Ak &b 5 1 &
W7, BEINILEHSR RV EME & Ag F
Ag-Cu 3 & (1) 3L S H 2B

154

(e IR L LA e VA U E )

£EHk (References)

[1]

[

31

(4

[5]

(6]

[71

(8]

[]

[10]
[11]
[12]

[13]

[14]

[15]

[16]

[17]

(18]

S. McDonald, K. Nogita, J. Read, et al. Influence of composition
on the morphology of primary CugSns in Sn-4Cu alloys. Journal
of Electronic Materials, 2013, 42(2): 256-262.

L. R. Garcia, W. R. Osorio and A. Garcia. The effect of cooling
rate on the dendritic spacing and morphology of AgsSn inter-
metallic particles of a SnAg solder alloy. Materials & Design,
2011, 32(5): 3008-3012.

P. R. tenWolde, M. J. RuizMontero and D. Frenkel. Numerical
calculation of the rate of crystal nucleation in a Lennard-Jones
system at moderate undercooling. The Journal of Chemical
Physics, 1996, 104(24): 9932-9947.

N. Igbal, N. H. Van Dijk, S. E. Offerman, et al. Real-time ob-
servation of grain nucleation and growth during solidification of
aluminium alloys. Acta Materialia, 2005, 53(10): 2875-2880.

L. Qi, L. F. Dong, S. L. Zhang, et al. Glass formation and local
structure evolution in rapidly cooled PdssNiss alloy melt: Mo-
lecular dynamics simulation. Computational Materials Science,
2008, 42(4): 713-716.

J. Liu, J. Z. Zhao, Z. Q. Hu. MD study of the glass transition in
binary liquid metals: NigCu, and AgsCu,. Intermetallics. 2007,
15(10): 1361-1366.

S. H. Kim, T. H. Kim, J. W. Bae, et al. Thermal stability of
AgxCui alloys and Pt capping layers for GaN vertical light
emitting diodes. Thin Solid Films, 2012, 521: 54-59.

K. Shin, D. H. Kim, S. C. Yeo, et al. Structural stability of AgCu
bimetallic nanoparticles and their application as a catalyst: A
DFT study. Catalysis Today, 2012, 185(1): 94-98.

J. J. Morrier, G. Suchett-Kaye, D. Nguyen, et al. Antimicrobial
activity of amalgams, alloys and their elements and phases.
Dental Materials, 1998, 14(2): 150-157.

S. Takayama. Amorphous structures and their formation and
stability. Journal of Materials Science. 1976, 11(1): 164-185.

W. G. Hoover. Canonical dynamics: Equilibrium phase-space
distributions. Physical Review A, 1985, 31(3): 1695-1697.

W. G. Hoover. Constant-pressure equations of motion. Physical
Review A, 1986, 34(3): 2499-2500.

L. Verlet. Computer “Experiments” on Classical Fluids. I. Ther-
modynamical Properties of Lennard-Jones Molecules. Physical
Review, 1967, 159(1): 98-103.

M. S. Daw, M. I. Baskes. Semiempirical, Quantum Mechanical
Calculation of Hydrogen Embrittlement in Metals. Physical Re-
view Letters, 1983, 50(17): 1285-1288.

M. S. Daw, M. |. Baskes. Embedded-atom method: Derivation
and application to impurities, surfaces, and other defects in met-
als. Physical Review B, 1984, 29(12): 6443-6453.

X. W. Zhou, H. N. G. Wadley, R. A. Johnson, et al. Atomic scale
structure of sputtered metal multilayers. Acta Mater, 2001,
49(19): 4005-4015.

J. D. Honeycutt, H. C. Andersen. Molecular dynamics study of
melting and freezing of small Lennard-Jones clusters. The jour-
nal of physical chemistry, 1987, 91(19): 4950-4963.

H. Tsuzuki, P. S. Branicio, J. P. Rino. Structural characterization
of deformed crystals by analysis of common atomic neighbor-
hood. Computer Physics Communications, 2007, 177(6): 518-
523.

Copyright © 2013 Hanspub



