Chinese Physical Society

ME#E Acta Physica Sinica

€D Institute of Physics, CAS

—+EREFERRE — N SHRE CuseZry A ERIEBRREEHB XN HFESH

oA KK HH FEZT A% P

Heredity of icosahedrons: a kinetic parameter related to glass-forming abilities of rapidly solidified
CusgZryy alloys

Deng Yong-He Wen Da-Dong Peng Chao Wei Yan-Ding Zhao Rui Peng Ping

5| 18 & Citation: Acta Physica Sinica, 65, 066401 (2016) DOI: 10.7498/aps.65.066401
1E 25 1%)15 View online:  http://dx.doi.org/10.7498/aps.65.066401
23y 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/16

A RERR AR A S &
Articles you may be interested in

iy AR FHHC AR I Zrrss CuzoAloNis BRKAE & d AT 9 IR 2

Influence of powdered state on crystallization during laser solid forming Zrs5CusoAlgNis bulk metallic
glasses

PP 27 H%.2015, 64(16): 166402  http://dx.doi.org/10.7498/aps.64.166402

Fe-Pb & Gt il 22 AH 1A 28 N AT T e 75 i = ZEH0E B30,

Three-dimensional modelling and numerical simulation on segregation during Fe-Pb alloy solidification in
a multiphase system

YE = 4.2014, 63(7): 076101 http://dx.doi.org/10.7498/aps.63.076101

AI-Ni-RE FF & & <6 1 S A AT A Bz 2 1t
Crystallization behavior and thermal stability of Al-Ni-RE metallic glasses
YE % 4.2013, 62(13): 136401  http://dx.doi.org/10.7498/aps.62.136401

PR B[] Ti-Cu-Fe < (AR B 2H 2 A FiL
Phase constitution and microstructure evolution of rapidly solidified Ti-Cu-Fe alloy
YH 22422012, 61(21): 216102  http://dx.doi.org/10.7498/aps.61.216102

CaroMgso &8 IS I B30 25 Bl 3 2 RN G5 K R At 2 AR LB PR ASE UL 5

Simulation study on thermodynamic dynamic and structural transition mechanisms during the formation
of Ca;yMgsy metallic glass

YE4.2012, 61(13): 136401  http://dx.doi.org/10.7498/aps.61.136401


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.066401
http://dx.doi.org/10.7498/aps.65.066401
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I6
http://wulixb.iphy.ac.cn/CN/abstract/abstract65047.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65047.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65047.shtml
http://dx.doi.org/10.7498/aps.64.166402
http://wulixb.iphy.ac.cn/CN/abstract/abstract58431.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract58431.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract58431.shtml
http://dx.doi.org/10.7498/aps.63.076101
http://wulixb.iphy.ac.cn/CN/abstract/abstract54552.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract54552.shtml
http://dx.doi.org/10.7498/aps.62.136401
http://wulixb.iphy.ac.cn/CN/abstract/abstract50837.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract50837.shtml
http://dx.doi.org/10.7498/aps.61.216102
http://wulixb.iphy.ac.cn/CN/abstract/abstract47761.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract47761.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract47761.shtml
http://dx.doi.org/10.7498/aps.61.136401

38 % 4R Acta Phys. Sin.

Vol. 65, No. 6 (2016) 066401

T EFERNEE: 1N 5RECuseZry BE
WIBT RRBENNB RN NFSHT

MAaFLD AR

2R

FETY RED B

1) (R K2 MR RRE S TR 22RE, Kb 410082)

2) (1R LR B H 5B, IR 411104)

(20154 8 A 2 Hilk#l; 2015 4 11 A 16 HUFMEHH )

KH 0 T3 1505 BT AL T A CuseZras BEERRWE v 5577 P POEEEE AR, il
5T Honeycutt-Andersen S AR H 14 & BRI B F e BOE 0 HAUGE MR R EREAT T 70, 45 SRR tRiEt
BHE I R 1 A B2 (12 12/1551) BN -1 LR (12 8/1551 2/1541 2/1431) 5 (12 2/1441
8/1551 2/1661) B —-THifA. @I 5 FH02 F ) BRER BT R B M Ik A o 38 A R SR - TR P
B BT RGRE 7T (GFA) BAT S ZUm, AU L 8 Fi = Nioo k1, /Nr, 5 GFA B U1K, T
HILBALRINIRIE (Tonset) 5B S LN BIEHEARIRE Trg = Ty /T WAFTEIRLF IR RC R,

KA PUdEE, 2> T ah 1, BORIB e, IR R R %

PACS: 64.70.Pe, 61.25.Mv, 64.70.D, 71.15.Pd

15 =
<5 B DR LR B BE AL S LR 5
R U3 e T H R A5 5 B A8

BAST U2 R 1), Y g NS B
K4 4 BB IR B AR 1) (GFA) 3k 473 #F 9¢ 3571,
A 21 GFARI SRR B — BB Z WA T
ROl sk, ATELREESE-LES )R
(TM-TM) & 4 ) GFA 5 A% 7R 1 & 35 J5 1 45 74
SEYIAR S =1 g AR A A R OBl
N TM-TM £ I 7 B 1 bl et =l o 1k ) 2 32 5
PR TT, TR B RAN IR S5 d AT B TR A%
SRR MR U8 e Pk R s B
—SE GRS A IE S (112:05) 3 A4
A ER P IE S EA T B RS 4R B S5 8t
i [19:20] B AR V88 A A AT 48 3 B R0 o 1 — T
PR RS Y B R0t A% B PREE [ A4 (H -2 1) 35 1)

DOI: 10.7498/aps.65.066401

B R SR s 1 45 ) 1 A A B A 1 1 2 PRk
G B G R, RS I s A 1 0 U R H BILAE
T VA O X S SR BT 1 A A Ak 1920) BEAR 42 )
PR IEHE RN AR 5 BRAR 1 TR B 2
TM-TM & & f5 A (s B gh fy e 1) IR ) AS X
VAR I VAR v AR T 7 ) P 2y i st
&R AR W] e 5 Rt & 4 1) GFA fE4E SRRl N 7E 1)
BCR, B TM-TM A 41 GFA 12 0] LLE ik i ¥
M AT g A A TR AR R 5 90 AR PE A B
.

N T BAIE EIR VAR, ASTEI CuseZray B8N
WA R, KM 75730715 (MD) 773, B
CusgZr gy FIPLHEE S L2, FK 5T Honeycutt-
Andersen (H-A) 7% 5 5 P 10 Jg 1 7% 2 A 45
Bk (CTIM) P22 FRAEFNER BR T FLAas M i T L.
EX R, CoZr & MR FERET RS
S 1 Jr) 3D 45 1) RN B R T A RE ) A R &
T8 1729291 e s S R AR B TR

* [ 5 HARBLAHRE S (5251071065, 51428101) A& H AFH£H < (2013]J6070, 2015JJ5033) B BIHITRA.

T #{E/E#H. E-mail: ppeng@hnu.edu.cn

© 2016 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

066401-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.066401
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 65, No. 6 (2016) 066401

| A g R e (10— 1) B & e R e 19526281 [ AR A
7 i 3 30, 1 T A A 1 39 3 A e A i o i
TARECBIER, HEBE R 7o fE—ERE LR
TEPREE S 4 M B A AR FE R Hh 1) 5850 mT
SRATE VEAG AN [ B 43 (0 B S e 10 %5 10 %+
& J8 B B 1) Jey SR - 45 4 5 74 A g R O3 ER
B % B2 ) 4 AR B VAR %, VA5 A
S PR s BBt Cu-Zr & & fe 5 2 R 5 & & 1 56
N E, Kk, A CERFARAFAEYSEHP
B A R A TH AR AR 8 AR X CuseZrgg B 423K
AR 5 GFA KI5 .

2 WEAKEF®

MD #48LK FH LAMMPS (large-scale atomic/
molecular massively parallel simulator) f2 7 %],
T 566 10000 4 JE T (5600 4~ Cu J5L T 14400 4 Zr
JEF) BENLHE T — AL &, AR T4
5 (BE ID). KA HHR & s NPT R, I 4% F
AR FATBAT. TR 7 A AH BAE FH #R H Mendelev
25 3OV J 3 R R I AR ON JEL T 3. A S 4 i B R
1600 K (F: CuseZras & & [ S50 15 2 Th, 2
RN1191 K BT itk 71 Py Rl %R 0, 2, 4, 6,
8 GPa. WA KBNL fs. HHILATARE
N RG 7 MY IR L AF R IZ AT ns iz

8B YIL P ATDIRES, 2R )5 20l AR iy = 10,
102, 103, 10* A110° K/ns ¥ #1242 300 K, /a4
AT =10 KW — Ik ds, PLcRABEAMA &R 1) fe &
SR T 1 2 [ AAFR.

3 BUERET®]
3.1 AURBETRE T,

TR 2R 485 ) SR FH LA 43 A i 3 g () D728
KR BIAH TARABEy 5K P FHRE
CuseZray & 4 PRIE A H1 2 300 K T %A [ 44 f) s
KRG A5 R Gror. (7). HHE T AT UL goos. (1) FHZREE
UG IE oy B AN IRV, SR B VRAS A A PR E VA A
%300 K ¥ R [ 4 2 A A o 45 MR AE, JF B3
LT K E AR R e B0l @ e x
ARG THEANR T RGER FRIRE T2 i &1
1400 K A1 300 K [8] PR AN 2 14 35 4 (1 7 A0 o4 1401
R fEP =0 GPalIHEE /I F, v = 10, 102,
103, 10* A110° K /ns i, Bk CuseZray &4 BT
AR E T, 43 308 912, 926, 943, 958 F1972 K; 1
v =103 K/ns A #HIF, P =0, 2, 4, 6 18 GPa
T, 53128 943, 970, 984, 997 F11013 K. 4 &
BTy &~ 102 K/s 1S564E 674 K 17380 (H 5 5650
v = 4.9 x 10 K/ns i MD Bl 45 H 940 K 41 JE#
PRl . SRS ISR A A E.

@

(b)

Jrot./T

—— This simulation

ntl12]

o Experime

~v=10%K/ns

B 1

and (b) pressures P.

0.4 0.6 0.8

(a) AFEARE v 5 (b) )1 P F B CuseZraa G4 300 K N FRLEUE > 10 KL grot. (1)
Fig. 1. The total giot.(r) curves of rapidly solidified CuseZras alloy of 300 K at various (a) cooling rates ~y
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Fig. 2. Reduced glass transition temperatures Ty =

Tg/Tm of rapidly solidified CuseZray alloy at various

cooling rate v and pressure P.
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Fig. 3. (color online) Schematic diagraph of basic cluster (Z n/(ijkl), - - -

) identified by extended cluster-type index

method. The dark green and brown balls denote the central atom and its coordination atoms, respectively. The red

balls and light blue balls represent H-A root pair atoms and near-neighbor atoms shared in common by the root

pair, respectively. The red and blue lines denote the bond between the root pair atoms and bonds among the shared

neighbors, respectively.
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Fig. 4. (color online) The fraction of typical basic clusters in rapidly solidified CuseZraa alloys of 300 K at

(a) various cooling rates v and (b) pressures P.
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Fig. 5. (color online) Temperature T' dependences of (a), (c) the number N(T) of (12 12/1551) icosahedra
and (b), (d) the sum Newm(T) of (12 12/1551), (12 8/1551 2/1541 2/1431) and (12 2/1441 8/1551 2/1661)

icosahedral clusters during the rapid solidification of CusgZra4 alloy at various cooling rates v and pressures P.
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Fig. 6. (color online) Schematic diagram of perfect heredity (red solid arrow), core heredity (pink dashed arrow)

and segmental heredity (blue dashed arrow) of icosahedral basic clusters, in which small and big balls represent

Cu and Zr atoms, respectively.
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?
0.84} ‘ D//
—-—

g
g
E(w 0.82 Sum of perfect,
Il core and
@ 0.80 segmental
e
heredities at
0.78 P=0 GPa
and v
0.76 —0- Sum of perfect, core and segmental heredities

at =103 K/ns and P
5 20 25 30 35 55 60 65 70
F; = Naoo ke 1/ N/ %

B8 (MTIREE) Pk CuseZras & & Trg SiEAWEH
AIEAE T HR B F AR AR

Fig. 8.
glass transition temperature Trg with the number
N?ioo K
ited from Ty to 300 K.

(color online) The correlation of reduced

T, = F; - Nt, of icosahedral clusters inher-
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AT, AR SR R 90 0 1) BRERH R,
BE— W RAS CuseZrag & S PRIE A 2 2 300 K I
ek [ [ 4 7 4% (12 12/1551) BHFEHEAT T MK E
R FESREE. fEIXE 5K 8 B o&iF 300 K
FT, PN HRES (8] 0 AT 38 4% 70 SO TR], 8 Sk 2R 38
A ARG I = A TR A TE PREE I 18] [ 8 5 S EAE AR
AL, XA, FRATTE AT 1 BIAA &R ATk
FR B AE L UA TR Tonse 2, BN & —A Z A HifE
P 7% e 0% 3% 8235 A% 25 300 K AR & [ 44 1) ¢ v 1L
RIEMIIH TAREEy 5K PR ATk H
PRI AL ORI E T oo ML N oy TEIXEL
TE et T ND oo 793R - TR A% 56 A2 a8t (1)
EC AR B A AT LS, Tiotal 5 Niotal 43 il KoK
AR BB S B AR 3 R R A
WAL UG A AT B R R H . T I, R 11k
H T BEAR RAE T, 5 300 K (12 12/1551)
RIS ECE N(T,) 5 N (300 K), LA T, i A
PRI 300 K HRIEEMEIA 58 S BALEH Ny, oy,
TR b 3 R IR A R AL B N3Gk, A
Flal W, BERIGEETY o FEAEy 5K P
R T 5, ABAE AL AL IR R E Tonser I TT 1A% —
FIHARECE NP o WS4 E v 5 5 PAR LA K
B, AR AT B AL AR IR P Tonser 18

HIULE Ty— T AR X 19201 (HA TR ~ 5%
71 P BT i BT AT BEAE Tonser 3R TH 2 & EIFAR X,
UIAEI K E]y = 10° K/ns i, HTP = 1220 K
AR IS T CuseZras A & W SLIR G & (T, = 1191
KB 23k — 25 i Je = T A 28 [ % 1) 110 358 4
BRI, FLIB R AR IR FE Tio i 25 i &,
fEP =2 GPa I, —/MM 1150 Kid v ik 58 4
WAL F] 300 K [ CurZrg (12 12/1551) AL — i
&, FTAE 1190 KB B 2 AT IRAE, B CusZrs(12
2/1441 8/1551 2/1661) ks —1-THifA. w0, 340
Ay BUE ) PR T AR TR I 7 B R Ty BA
R DX A TE R R B g A R A, X T A
i AN T 94 VIR A 1) Rt ] A 1) o 82 384 e B A iR i
YEH.

Kot — A TARAEYy S K IPT
TP oo TN 5T, 2 [H R &R, IWE9TT L, fF
BEHE Tonser J1 1, CuseZrag 48 Trg BEEZ IR, I
HA®R R BRI BN T, o, LRV KA
A RAEM TR0, &4 T 5 TR Tonser ZH]
HARLE RAFRIERTE R R, R TR B AR 138
P S — WA RO AL P CuseZras & 4 GFA
(R A B

R1 AEEEy 5E7) P RREE CuseZras G4 P AlEHE (12 12/1551) — A S THE S
Table 1. The information of inheritable (12 12/1551) icosahedral clusters in rapid solidification of CuseZras alloy

TP

at various cooling rates and pressures. Note: T . (

is the number of inheritable icosahedral clusters at T2 .. (

icosahedral clusters at Ty and 300 K, respectively,

the super-cooled liquid. Supercript

segmental heredities.

total
Tonsct

; ; p
in which Ngy, KT, (

) is the onset temperature of heredity;

NP

onset

Ttotaly. N(Ty)and N(300 K) denotes the numbers of

onset

(Ngnear)

Ntotal

is icosahedra inherited from
300 K(—Tg)

p” and “total” means the perfect heredity and the sum of perfect, core and

~v/K-ns™t P/GPa
Parameters
10t 102 103 104 10° 0 2 4 6 8
Trotal /K 1060 1100 1190 1230 1280 1190 1200 1210 1240 1260
Niotal 5 3 4 3 3 4 5 4 4 7
TP /K 1030 1070 1130 1160 1220 1130 1150 1160 1180 1210
NP . 1 2 2 2 1 2 3 2 2 3
N3oo ke, 74 108 79 62 35 76 96 121 154 158
Nggga}KHTg 267 230 164 125 70 157 191 224 282 300
N(Ty) 492 419 289 215 126 289 326 376 445 460
N (300 K) 607 544 397 357 263 397 445 517 546 576
T TP o ATt 43 I 3 ok T A 58 4 A 5 R & AL I AR AR IR BE; D oo (IVEQTRL) 3R 71k W3R 44 2 4 I B 55 300

onset onset

KR BE [ 14 7] S A 1 WA B H ;. N (Ty) A1 N (300 K) 7 Al RIS AE Ty 5 300 K IR0 0K 2 o 1) =+ A £ H ;

P total
N300 KTy (N,

sotal ) FORE 300 K HUBER U R T Ty )L foh — TS
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Fig. 9. (color online) The relationship between onset

temperatures of heredity 7% . and T%2%! of icosahe-

dral clusters and reduced glass transition temperatures

T:g of rapidly solidified CusgZraq alloy.
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Heredity of icosahedrons: a kinetic parameter related to
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Abstract

To explore the origin of glassy transition and glass-forming abilities (GFAs) of transition metal-transition metal alloys
from the microstructural point of view, a series of molecular dynamics simulation for the rapid solidification processes
of liquid CuseZrasalloys at various cooling rates v and pressures P are performed by using a LAMPS program. On the
basis of Honeycutt-Andersen bond-type index (ijkl), we propose an extended cluster-type index (Z, n/(ijkl)) method
to characterize and analyze the microstructures of the alloy melts as well as their evolution in the rapid solidification.
It is found that the majority of local atomic configurations in the rapidly solidified alloy are (12 12/1551) icosahedra,
as well as (12 8/1551 2/1541 2/1431) and (12 2/1441 8/1551 2/1661) defective icosahedra, but no relationship can
be seen between their number N (300 K) and the glassy transition temperature T of rapidly solidified CusgZrasalloys.
By an inverse tracking of atom trajectories from low temperatures to high temperatures the configuration heredity of
icosahedral clusters in liquid is discovered to be an intrinsic feature of rapidly solidified alloys; the onset of heredity
merely emerges in the super-cooled liquid rather than the initial alloy melt. Among these the (12 12/1551) standard
icosahedra inherited from the super-cooled liquids at 7;,—7; is demonstrated to play a key role in the formation of
CuseZras glassy alloys. Not only is their number N3, i e, inherited from Ty to 300 K closely related to the GFA of
rapidly solidified CuseZras alloys, but a good correspondence of the onset temperatures of heredity (Zonset) with the
reduced glass transition temperature (Tys = T5/Tm) can be also observed. As for the influence of v and P on the glassy
transition, a continuous tracking of descendible icosahedra reveals that the high GFA of rapidly solidified CuseZras alloys
caused by big v and P can be attributed to their elevated inheritable fraction (fp and fiota1) above Tyg.

Keywords: rapid solidification, molecular dynamics, glass-forming ability, icosahedral clusters
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