Low. Temp. Phys. Lett. 42, 0081 (2020)

FeCuNi £ BIEHFE " IE EH N E R R

% oo, HE R
BN R 2 KBS 515 B TR 24 BB RO B F AR5 B R B 98 BT L SR 550025
W B 41 :2020-04-20 5 820k H #1 . 2020-05-15

EEY T4 T30 1258, R T WA 53 B 50 (PDE) | f5e Kobw e A 5% (1L.SC) (37 %8 HE [ 5% (TCP 1L.SC) F1 = 4

AT AL B AR G5 TOW 45 10 AL 735 A5 T 102 K/s Bl T ARAM AR 4 4319 Fero Cuso oy Ni, (2 =0,5,10,15,20,30)

4> J8 B3 o 19w PDF 4#4F L & Ni % 24 TCP LSCs B2 M. #F 53 45 R 2 W . FeCuNi 4 J& 3¢ 35 H 19 1CO LSCs N J&

PDF 5§ Z 0 43 24109 = B 45 M2 I, T TCP LSCs R LA AH 24 57 35 Hb % B 58 — e 119 43 ZLRFAE. Ni & & %) TCP LSCs %
GER T A B 2 S . H0 AN M JE TCP LSCs 1 3 ACHFAE.

KW : FeCuNi & @B, 50 T 2 Jy A0 2 0 o3 8 300 11 M AT 7
PACS: 31.15.Qg. 61.43.Dq. 81.30.Fb
DOI.  10.13380/j. Itpl. 2020. 02. 004

Structural Origin of the Second Peak Split of FeCuNi Metallic Glass

LI Jingjing, TIAN Zean

Institute of Advanced Optoelectronic Materials and Technology . College of Big Data and Information Engineering ,

Guizhou University s Guiyang 550025, China

Received date: 2020-04-20; accepted date: 2020-05-15

[Abstract] Based on molecular dynamics simulation, the features of partial PDF and the effect of Ni atoms on TCP
LSCs in different Fe;, Cucso—,) Ni, (x =0,5,10,15,20,30) metallic glasses at the cooling rate of 10"?K/s were
studied. The simulation results were analyzed by pair distribution function (PDF), the largest standard cluster
analysis (LSC) ., the topologically closed-packed cluster (TCP LSC) and 3D visualization techniques. The results
show that the ICO LSC cannot explain the second peak split of PDF, but TCP LSC is the structural origin of the
second peak split of total PDF in FeCuNi metallic glass. The effect of Ni atoms on the microstructure of TCP L.SCs

is subtle and complex. Topology invariance is the basic characteristic of TCP LSCs.
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Table 2 The J,_, based on different-element pairs
in Fe;, Cuzy- . Ni, alloys at 300 K

left 8., (A right 8., (A) left 8., (A) right 8., (A)
* FeFe CuCu NiNi FeFe CuCu NiNi * FeCu FeNi CaNi FeCu FeNi CuNi
0 3.02 1.86 —  0.21 0.62  — 0 0.23  — - 0.62  — —
5 0 3.30  6.13  0.61 1.43 1.43 5 0.47  2.59 0.94 0.61 1.02 0.6l
10 0.47  4.74  3.79 0.61 1.64 1.02 10 0.71  1.90 0 .02 0.20 1.23
15 0.95 3.81 3.33 0 1,30 1.02 15 2.38 1.90 0.71 0.20 1.64 0.20
20 1.66 1.90 3.33 0.82 3.07 1.02 20 1.90 2.61 0.24 0.41 0.41 0.41
30 192 —  1.92 0.21  —  0.62 30 - 072 - - 021 —
average 1.34 3.12  3.70 0.41 2.21 1.02 average 1.14 1.94 0.47 0.57 0.70  0.61
median 1. 31 3. 30 3.33 0.41 1. 64 1.02 median 0. 71 1.9 0.48 0.61 0.41 0.51
sd  1.00 1.11 1.37 0.29 1.31 0.26 sd  0.85 0.69 0.37 0.27 0.56 0.38
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left &,, (A) right 8., (A)

x cICO- cICO- Other- cICO- cICO- Other-
cICO Other Other cICO Other Other

0 9.05 5.80 0.46 3.73 2.90 0.41
5 8.02 4.25 0 1.64 0.20 0
10 7.58 3.55 0.71 0.41 0.20 0.20
15 7.14  2.86 0.95 0.41 0.41 0.20
20 7.36 3.80 0.71 0.82 0.20 0.41
30 6.47 2.88 0.72 0.21 0.62 0
average 7.60 3. 86 0.59 1. 20 0.76 0. 20
median 7.47 3.68 0.71 0.62 0.31 0.20

sd 0. 80 1.0 0.30 1.22  0.97 0.17
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alCO  Other Other alCO Other Other

0 0.93 1.16 0.70 4.14 1.66 0.62
5 0.24 0.24 0.94 1.84 0.20 1.43
10 0.24 0.24 0.24 1.64 0.61 0.82
15 0 0.24  0.24 1.02 0.61 0.82
20 0.71 0.71  0.24 0.20 0 1.43
30 0 0.24 0.24 1.65 0 0.62
average 0.35 0.47 0.43 1.75 0.51 0.96
median 0.24 0.24 0.24 1.65 0.41 0.82

sd 0.35 0.35 0.28 1.20  0.57 0.34
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Table 6 The o, , based on aTCP-Other model
in Fe;, Cus— , Ni, alloys at 300 K

left 8, , (A) right 8, , (A) left 8., (A) right 8, , (A)

x c¢TCP- ¢TCP- Other- ¢TCP- ¢TCP- Other- x aTCP- aTCP- Other- aTCP- aTCP- Other-
¢cTCP  Other Other ¢TCP Other Other aTCP  Other Other aTCP Other Other
0 0.93 1.16 0.70 4.14 1. 66 0.62 0 0 3.25 0.23 0.21 - 5. 80

5 1. 89 0.71 0. 94 0.41 0. 20 0. 20 5 0 1.42 1.42 0 0. 20 0
10 0. 24 0. 24 0. 24 1. 64 0.61 0.82 10 0 2.37 0. 24 0 2.25 1. 64
15 0 0. 24 0. 24 1.02 0.61 0. 82 15 0 2. 14 0.95 0 1.43 1. 84
20 0.71 0.71 0.24 0.20 0 1.43 20 0 0.71 0.24 0 0 1.43
30 0 0.24 0.24 1. 65 0 0.62 30 0 1.68 1.68 0 0 2.06
average 0.63 0.55 0.43 1.51 0.51 0.75 average 0 1.93 0.79 0. 04 0.78 2.13
median 0. 48 0.48 0. 24 1.33 0.41 0.72 median 0 1.91 0. 60 0 0. 20 1.74
sd 0. 66 0. 34 0.28 1. 30 0.57 0.37 sd 0 0.79 0. 60 0.08  0.91 1.77
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