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Fig. 1. Cubic supercells of Coz,Y 3B 5M;, alloys at 3000 and 300 K.
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Fig. 2. PDFs between different atoms (a) Co-B; (b) B-B; (¢) Co-M; (d) Y-M; (e) B-M; (f) M-M of Cor,Y 3B 5M;, alloys at 2000 and

300 K.
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Fig. 3. The total coordination numbers (CNs) N;, partial CNs
2000 and 300 K.

j» and Warren-Cowley parameters a; of Coz,Y3Bi5M, alloys at
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E MBS HHEFR R NW G LR, ac.o = —0.18,
ap.p = —0.16, BB C FI P J5F7£E S A8 Bt fii 1)
THBERE. ConYsBisSi, &4 Sifl Co i+
MO EIBCAEEREE (Ng = 12.88, N, = 13.37),
aco.g F1-0.12 V8 /N5 -0.99, B FH Co-Si J& T 1H]
(W L 2 — 20 B, T AR R I N, F
a; SIS AR EL AR AN K. e A BRI Ak 27 e R T
IS5 5 X 3T RE AT 25 2R — 3. BT Bk
B, IS -1 B4 B i A B2, BT CogpY3B15Siyg
G4 Co-Si Jii | iy W 5 |/l ¢5 , B-B, B-Si
1 Si-Si HEHA B I - B B, AR T

B
8
f,é
=
0 _(c) C-centered Co72Y3B15C10
S P
SR
SN
SR
1
Ladbibag
[\ IR\ B\ N S RN
@ﬂbub“ @ibg’“kxg,?’“ Qg,?’“ Q«B’gﬁ Qg)?’”
(e) P-centered Co72Y3B15P10
15
X
Sl 7
A
: %
2 %
T
/ /
0

N b‘:b\ :ojm %x\ 69\ 63,\

O M T T T

)
‘P

JRy SR ZE R (AR RE PE AN S A R ) VR 2, TR I
AT RERA R GFA.

3.1.3 Voronoi % @ik 54 5 B3k 2okt
AR

R T2 T R T 25 R B 2R YRR,
K H Voronoi Z HIAFEEGE T T CornY3BisMy,
B AR, BT PRI ORI LEFS
ZH W. Bl 4(a)—(e) & 4 P EETEAE M 300 K
fif L Co, B, C, Si, P JiF kL) F 2 Voronoi
ZHARS R, WK 4(2)h Al F H, Co JF R
i) Voronoi ZiAEEIE(0, 1, 10, 2), (0,2, 8, 4),
(0,1, 10, 4), (0,3,6,4), (0, 3, 6,5)F1(0, 2,8, 5),
Hrr, (0,1, 10, 2)F1(0, 1,10, 4)fR M2 — - fAk
ZERY B (0, 3,6, 4)F1(0, 3, 6, 5) Z A FE WA

(b) B-centered

60 ¥

Cor2Y3Bas
Y Cor2Y3B15C10

N P72 Cor2Y 3B15Siio
A CoraY3BisPio

40 +

Fraction/%

10 |

Fraction/%

iy

%?’@ 2% wi”:ﬂ x*wh 26 o 6®
NS NN S S\

0.56 | () —— Cor2Y3Bos
— —— Cor2Y3B15C10
8\0 —o— Cor2Y3B1;5Si10

0.49 1 \°§ —o— ConY3B1sP1o
0/\

0.42 +

0.35} \g

0 1000 2000 3000

Temperature/K

Bl 4  (a)—(e) 300 KHf CopnYsBisMyy & 4 H L Co, B, C, Si, PJEF K08 EE Voronoi LA &, () 4F &4 W

LFFS 250 W B i % (728 1 i 3

Fig. 4. (a)—(e) Fractions of major Voronoi polyhedral centered by Co, B, C, Si, and P atoms in Co,Y3B5M;, alloys at 300 K; (f)
temperature dependence of LFFS parameters W during cooling for all of the alloys.

228102-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 71, No. 22 (2022)

228102

TS TT bee 28 BRIV Co J5i-1 8] B Y Ja S 4 44
PR AZE — - THAAR bee 258498 3. B 1A LG
% Voronoi ZHEIAZ (0, 3, 6, 0), (0, 3, 6,
1)F1(0, 2, 8, 0) (&l 4(b)), Z3 %t RE etk = ekt . -
M2 SR =H# 4 Al Archimedian 2 =#AE45H), =
Wk B R ) R 35 4 DL = R 254 o .
Xt L Voronoi Z iR & AT LILER, 4 &4
B o O BB AR R S R (~50%),
ST R R 1 R ) T 2 A

Co7yY3B15C1 Fl CoryY3BysPyg A4 B T
G BB FE S AR Y & B, 200 61.4% il
53.6%(1& 4(b)), MIE 4(c) 1 (d) FRTLLAE H C
P i1 A F R R &i i 5 B AR, AT C AT P
TCRMYIMALE R T HAEZ & 5. CorY3B,5Siy
& ah Co J5 4 rhl i I A2 — - TR 2548 1Y 7%
BE £ (10.6%), H SiJE -7 & F 8 R 850 5
Co JE AL, BET Si TCER RYIAATF) T4 iy i A2
T TARGE A ) B . TR EE AL AT LR RR
PR, AFT R IEARS (R 25 5 8 iU i HE AR
4548, BRI SR IRAIE R ROVERT, A H] T 42
T GFABI. CosyY3By:Siy B4 Fha i & B il g Az
A mRL ] R EATE S ) GFA.

F B RS A RS A R R R T BT
ZTARSEHE, AR AE — T A2 1 & 58 R DF
Hr GFA A—JE AT EE. PRI R 1 1 ) 8 T 0
PE LFFS 280 W it— D HiRAE A& SR R 1 R
ZEFJFRAE. [ A(f) & LFFS 380 W REIR Y25 1k
FaF, nLIE Y A RS a0 WREE I A FEAR R
IR, Hort, CopYsBisPyg 5 CoryY3Bys 54 HY
WAE 534530, (HBIR T CoryY3Bos G4, T Cory

10l®

MSD/A?

0.1f

10 100 1000
Time/fs

Y3B5Cy B4 WIEHEAR, UL Z 451
SRRAR R I ZE AR I TR KRR, X &40 GFA &
T — & B AR RIS . CopyY,BisSiy, B4 W1H
e, BIWREIA Si tZ2A BTSSR IK
XTFRPER GFA.

3.1.4 ¥HFia4

HBRAEEEIEERN S 147 R, TR TR R
A9 MSD. & 5 J& CoY3BsM,, & 4 TE IR 2000
K 11100 K F MSD B[] i 28 fb fi 28, B2\ Ak
PRI log-log B X FR. X T 4 Fi &4, MSD
HHZR LG 3 BB 1) 15, 7EMJE PR [a] N 2
LM, ET T LIE BN A 5 8h; 2) b
Bf IR SE G, 32 3 4R I 14 52 i 52 20 MSD i
Ly LIRS, FRZ A TR B R B
SIS R -6, B R R 2 A ) A
e A PG 3) B MSDIlli £k 2 B4k E 4 K
BEH - wp il <S8 B SR EEUE T A iy HL
ATUL, WA 2000 K B CopYsBysP g &4 R 11
PHRE S B/, FPR IR HOE R S TR CR.
LR AR 1100 K B, 4 FE4: MSD ket 2 B
B GBS AP AR ) I R Y
R ARG 1T e 1. MISD i e 7 e J IO 26 M35 K B B
CorY3B5C B ARt m R, RIFH Y 1
AE S8R . ComyY3By5Siy, B4 EER B/ R T 1
ke S gk, oY LU B SE 2% 25 i ad AR L 4R
GFA MEH.

Zx LT, X mBE 45 B iR, C, Si,
P TR BN A& 4 )RR 450 Kk A= T ARk
Co75Y3B15C19 Fl CorY3BisPyy & 4 H B/C-C #l

1 E(b)

o 0.1}

X

~

[

0

=

001t [/ — Cor2Y3Bas
---- Cor2Y3B15C10
-== Cor2Y3B158i10
"""" Cor2Y3B15P10
10 100 1000
Time/fs

5  CopY;3BisMy &4 ¥ i B HERT B A E ka3 (a) T = 2000 K, (b) T'= 1100 K
Fig. 5. Time dependence of MSD in Coz,Y3B5M; alloys at (a) T'= 2000 K and (b) 7'= 1100 K.
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CoryY3B15C o MIIF ARG, Fe S3E MG 41
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C M PEMRIEFIESECH 5% M BILE, &4
PG A EARH 2.7 mm 2508/ E 1.2 F1 2.2 mm;
Shen % Pl 55 2 W, 5+ B2 & 40 80K 2.5% 1)
Si TR B Fer,GasP1,C B, & P TR, &
LSIERERH 0.025 mm S E 2.5 mm.

3.2 C,Si, PTEARMX Co-Y-B & &
14 BE B 2 i
AT 4 Fh G a0 SR | SRR
BE, ¥/9% C, Si, P JLRFINRT Co-Y-B AEfh G 4k
PEREBYSZIR . 32 1 /& 300 K I 4 Fh& 4 BREHE L
KA TC R B RERE . CopyYsBos B EREHE K 75.179
g, 5 Coz,Y3Bys EFA 4 RIS 66.336 pp 2
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THIARX IR G FE 4 Fh G 4 22 BUBRREVE AU RAIE.
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SR E FEIE Co-3d HUE L TR TTHR, 121k
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] 202 Y-4d BUB ML TR TTIR. PR BER BT AF
TENERERR, VLA R B JLHRrIE, J& Co-3d, Y-4d
1 B-2p HUBIEIMZALTEC C, Si, P ITRFIE, A
1 6(b)—(d) TEAEH, Coz,Y3B15C10, CoryY3By5Siyg
5 CopnY3B 5P o A 4 SV A5 B (19 3 (A ARAH AL,
TR ZREVER D TR R IR T C-2p, Si-3p LK P-
3p BLEHL 7. P-3p Bl A 31 HL T, 1 C-2p Al
Si-3p il AT 2 LT, Bl P e R Bl
WX p HLEH PR E] Co-3d Ll Mz /0, &
2 Co [T LR/, HEMME SRRV, Ah, h
T B, C, Si, PN ETEITHIN 3, 4, 4, 5, FIL
N C, Si, PICR FESORAES 0] = BB 10 #5
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AR E MR . [ 6(e) 2 4 PG S TE TR BESIMT
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J& CoryY3BisP1g > CoryY3B15Cyg > CoryYsBys >
CozyY3By5Siyg, B CoryY3BysSiy 13 & 7E 2 K AES
AL RIS, UL R h B 2 R
e 9. 54 3.1 WSS BTN, CoryY3B5Si &
& Co-3d 15 Si-3p Bl AL B0 A A FAE A
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F 1 ComYyBisMyo 24 M BB FIA TE R AR (B40: )
Table 1.  The total magnetic moments of Coz,Y 3B 5M;, alloys and the local magnetic moments for different elements (unit: pg).
Alloys Hiotal Heo Hy HB He Hsi Hp
Co7,Y3Bys 75.179 1.086 -0.133 -0.063 — — —
CozY3B5C 69.645 1.005 -0.097 -0.067 —0.042 — —
CorY3By5Siyg 72.722 1.053 -0.140 -0.059 — -0.037 —
Coz,Y3B15Pyg 68.969 0.977 -0.097 -0.057 — — -0.023
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Abstract

Co-based metallic glass (MG) is a new class of soft magnetic material and has promising applications in
high-frequency fields due to its high magnetic permeability and low coercivity. However, this kind of MG has
poor glass-formation ability (GFA) and relatively low saturated magnetic flux density, so its application scope
is limited. The atomic size of metalloid element M (B, C, Si, and P) is small, which can easily enter into the
gap between atoms, and there is a relatively large negative enthalpy of mixing between metalloid element and
metal element. Therefore, alloying with metalloid element M is an effective method to improve the GFA while
maintaining superior soft magnetic properties for Co-based MG. In this work, the formation process of
CorY3BsM;y MG is simulated by ab initio molecular dynamics (AIMD) method, and the effects of the addition
of metalloid elements C, Si, P on the GFA and magnetic properties of Co-Y-B MGs are investigated. It is
devoted to analyzing the relationship between local atomic structure and property at an atomic level.

According to the results of the characterization parameters of local atomic structure (pair distribution
function, coordination numbers, chemical short-range order, Voronoi polyhedron index, local five-fold symmetry,
and mean square displacement), it is found that the GFA of the four alloys is different due to their different
local atomic structures. Both Co;,Y3B5Co alloy and Co;,Y3B5P;y alloy possess a higher fraction of prism
structure, weaker solute segregation between B/C-C and B/P-P atoms, higher atomic diffusivity in the
supercooled state (1100 K), and hence weakening the GFA of the alloys. The Co;,Y3B5Si;, alloy has a higher
fraction of icosahedral-like structure, stronger attraction between Co-Si atoms and the solute segregation
between B/Si-Si atoms, lower atomic diffusivity in the supercooled state, thereby increasing the GFA.
Therefore, the addition of Si is beneficial for enhancing the GFA, while the addition of C or P will reduce the
GFA, that is, the GFA of the four alloys decreases in the order of Coz,Y3B 551y > Co75Y3Bos > Co75Y3B 5P >
Co7,Y3B5Cg. In terms of magnetic properties, with the addition of C, Si, P elements, the total magnetic
moment of Co,Y35BisM, (M = B, C, Si, P) alloy decreases in the following order: CoyY35Bos > Co75Y3B1551;) >
Co7Y3B5C1g > CopyY3BisPg. The stronger p-d orbital hybridization between Co-Si atoms enhances the

ferromagnetic exchange interaction, leading the total magnetic moment to be less affected by Si addition.

Keywords: Co-based metallic glasses, ab initio molecular dynamics simulations, glass-forming ability,

magnetic property
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