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A cluster-plus-glue-atom model for composition design of
complex alloys
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Abstract: A “cluster-plus-glue-atom” model for description of the structures of complex metallic alloys was proposed.
The model atomic clusters were referred to be as the basic first coordination polyhedra of the structures having the point
symmetries of cuboctahedral, trigonal prismatical, Archimedean quadrangular anti-prismatical or icosahedral. The
compositions of the atomic clusters were derived from a structure sharing consideration. The glue atoms were viewed to
be as an interstitial-like structure component, the nature and the number of which were determined by the structural
stability principles. Accordingly, the salient structure and composition features of quasicrystals, bulk metallic glasses and
multicomponent solid solution alloys were illustrated with the resultant cluster formula. The present “cluster-plus-
glue-atom” model was expected to be applicable for the composition design of complex metallic alloys in a quantitative
manner.
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1 AINiZr(Fe,P ). ALNiZro(InMg, 2% i A& AH,
— L FAT RO R PE I 45 R4 - NiZe(BCr) 45 i A4 AH o
WAFAESA %, (H X AR BTk . CNO Al
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Fig.1 Cluster type in alloy phases: (a) CN12 cuboctahedron; (b) CN14 rhombic dodecahedron; (c) CN6 trigonal prism; (d) CN6

trigonal antiprism; (e¢) CN12 twinned cuboctahedron; (f) CN9 three-capped trigonal prism; (g) CN11 five-capped trigonal prism; (h)

CN10 capped Arichimedean antiprism; (i) CN12 icosahedron
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Fig.2 Al;Zrg and Ni3Zrg clusters in Al,NiZrg hexagonal phase
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F 1 NigNb; Fl Ni;Nb FE fhH o i 25 3 7%
Table 1 Close-packed clusters in NigNb; and NizNb eutectic phases
Phase Central At.0m Atom Total Bond ro1/ pa/i \ Cluster Model
(type) atom site number  number  length/nm nm nm
M Ni! 6 7 0.248 3 0.248 3 109.1
Nb! 6 13 0.284 5 0.266 4 164.1 MNiNbg
Nb’ 6 19 0.416 1 0.3163 143.3
Ni 13 0.2655 165.8 NisNb,M ‘
NigNb,
(Fe;We) Nb! 17 0.288 5 169.1 NbsNigM;
Nb? 16 02937 1508 Nb(Nig
Nb? 15 0.287 5 150.7 Nb,Nig ‘
Ni! 13 0.258 0 180.7 NigNb, ‘
N13Nb .2 .
(ALSTi) Ni 13 0.258 0 180.7 NigNby ‘
Nb 13 0.258 0 180.7 NbNi;» .
Ni! 13 0.2590 178.7 NigNb, .
N13Nb ) .
(CusTi) Ni 13 0.258 9 178.8 NigNby, g
Nb 13 0.260 4 175.8 NbNi;» ‘

5 M Z ) 4K 0.416 1 nme 415 LA J5 15 ol
M PRI o VBN AREEAR, THE %R A s 744
W par pa K, PEBEEME. DL M OB, 6 A4
Ni 571 6 /> Nb Jii b 76 )2 J5L ¥ ) M-NigNby [417%,
Hop iR, h164.1nm >, Fk, BAM AL 5%
il M-NigNbe T4, [AH, AT H NigNb, Fl

NisNb A LAAS [RREAE AT B R A O AR, 41
T 1.

W BRI, AR A A T R SR U, B A R
TARBERE po (BRI, AEBEAN R AEAT B R 1AL #
AT E H AR HEIR 7% . 71 NigNb; Fl NisNb AH
o, SEE 1 MR AR, AR 1 TAIr 1L
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TGN EL AT FE i RFAE s 3t e Al A AH DG 1A% 1)k
PEIE 3R 2 T8 36+ 11 FPE#% 1 NigNb; 5 Ni;Nb
FHIT AR 300 35 HRT Y. 1A 255 A A v 1) s - 4
HAF0 T3 2. A3 2 Hmr i, LA M A0 1) M-NigNbg
RRR AL M de i, 2 NigNb, AHI T 7%, HIL S5
A #4415 MNigNb,, =22 13/9=1.44. 31l
fifi 72 M-NigNbs 1754 Ni-Nb =JE §hAH G 7%

2 NigNby(Fe;We T4) 1 NizNb(AL;Ti %Y K CuyTi BY) 3 A
TR ey =X

Table 2 Cluster formulae of NigNb; (Fe;Ws type) and Ni;Nb
(Al;Ti and Cu;Ti type) eutectic phases

Phase (type) CN cluster Cluster formulae (2)"

CN13 Ni-Ni,Nb;M  [NiNbM, 4] (2.17)

CN12 M-NigNbs  [MNigNb,]Nb, (9)

NigNb, (Fe;We) CN16 Nb-NigNb,M; [Nb,Ni;M,,»]Nb (5.5)

CN15 Nb-NigNbg  [Nb,Niz]NbM,, (5)
CN14 Nb-NigNbg [Nb;Ni;]M (6)
CN12 Ni-NigNb, [Ni;Nb] (4)

NisNb (Al Ti)  CN12 Ni-NigNb, [Ni; sNbys] (2)
CN12 Nb-Niy, [NbNi;] (4)
CN12 Ni-NigNby, [Ni3Nb] (4)

NisNb (CusTi)  CNI2 Ni-NigNby [Ni; sNbys] (2)

CN12 Nb-Ni;, [NbNis] (4)

1) Z is number of atoms in effective cluster unit.
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Fig.3 Room-temperature stress—strain curves of newly-

developed Ni-Nb-based glassy rods with diameter of 2 mm
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Table 3 Thermal properties of newly-designed Ni-Nb-based bulk metallic glasses

Cluster formulae

and compositions/%" T,k LYK T?/K T?/K ATI/K T, Y
[Ni;NbsZr]Ni; = Nig, sNbs; 5Zr4 5 898 927 1414 1434 29 0.626 0.398
[Ni,NbsTa]Ni; = Nig sNb3 25Tag 5 935 952 1471 1492 17 0.627 0.392

[Nig.4Cug ¢Nbe]Ni; = Nisg 75Nbs7 sCus 75 895 916 1 441 1 469 21 0.609 0.388
[Ni;Nbs 9sAgo.05]Ni3 = Nigz sNb37.1875A 803125 919 935 1 454 1477 16 0.622 0.390

1) Mole fraction.

2) T, is glass transition temperature; 7 is onset temperature of crystallization; AT, (=T—T,) is undercooled liquid region; T}, us onset

temperature of melting; 7; is offset temperature of melting; 7., is (=7,/T}) reduced glass transition temperature and y=1./(7;+T).
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