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Fig. 1. (color online) Nearest neighbor arrangements
of cuboctahedral clusters, either isolated (a), (b) or

overlapped (c).
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Table 1. Configurations of cluster unit cells arranged in the sequence of the number of glue atoms x. In

cases of multiple configurations corresponding to an xz, whose sequence is shown in the brackets.

R

o -

@ e hne alL Bl o R
(fira/2) By

(0, =3, 1) 72.542°

0 (737 -1, 0) m,m,\/ﬁ 72.542°
(=1,0, =3) 107.458°

(0, =3, 1) 72.542°

1 (=3, =1, 0) V10,410,410 72.542°
(=1,0, =3) 72.542°

(=1,3,0) 90.000°

2(1) (=10, =3) 10,410,410 72.542°
(=3, -1,0), 84.261°

(=3, —1,0) 90.000°

2(2) (—1,3,0) V10,410,414 65.003°
(=2,1, -3) 65.003°

(=3, —1,0) 68.583°

2(3) (-2,2, —2) V10,412,410 68.583°
(0, =1, =3) 84.261°

(-2, —2, —2) 70.529°

3(1) (-2, -2, —2) V12 412,412 109.471°
(=2,2, -2) 70.529°

(=3, —=1,0) 72.542°

3(2) (=1,0, =3) V10,410,414 65.003°
(2,3, -1 75.313°

(=3, =1, 0) 68.583°

3(3) (=2,2, —2) V10,412,412 70.529°
(=2,2,2) 68.583°

(=3, =1, 0) 72.542°

4(1) (—1,0, =3) V10,410 414 94.848°
(=23, 1) 75.313°
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#1484
(=3, —1,0) 68.583°
4(2) (=2,2, —2) J10,V12,4/14 90.000°
(-2,1,3) 65.003°
(=3, —=1,0) 72.542°
5(1) (1,0, =3) V10,410,116 90.000°
(0, —4,0) 71.565°
(=3, =1, 0) 84.261°
5(2) (0, -1, —=3) V10,410,414 90.000°
(-2,3, -1 75.313°
(=3, —1,0) 84.261°
5(3) (0, =1, =3) V10,410,416 71.565°
(0, —4,0) 71.565°
(=3, —=1,0) 68.583°
5(4) (=2,2, —2) J10,V12,4/14 72.025°
(-1,3,2) 90.000°
(=3, =1, 0) 65.003°
5(5) (=2, 1, =3) V10,414,114 110.925°
(=1,2,3) 85.152°
(=3, —1,0) 72.542°
6(1) (=1,0, =3) V10,410,418 72.654°
(—1,4, -1) 94.275°
(=3, —=1,0) 68.583°
6(2) (-2, 2, —2) V10,412,414 90.000°
(=1,2,3) 85.152°
(—3,-1,0) 65.003°
6(3) (—2,1,-3) V10,414,414 73.398°
(=231 75.313°
(=2, =2, -2) 72.025°
6(4) (=3, -1,2) V12,414,414 69.075°
(=2,3,1) 107.975°
(=3, =1, 0) 72.542°
7(1) (=1,0, =3) V10,410 ,4/18 98.573°
(=1,4, 1) 94.275°
(=3, —1,0) 90°
7(2) (_17 3, 0) \/E,\/l_o,\/l—ﬁ 90°
(0, 0, —4) 90°
(=3, —1,0) 90.000°
7(3) (-1,3,0) V10,410,418 98.573°
(=1, =1, —4) 72.654°
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#1148

(-1,1,4) 105.793°

7(4) (-2, 2, —2) V18,412,410 68.583°
(=3, -1,0) 81.427°

(=3, —1,0) 65.003°

7(5) (=2, 1, =3) V10,414,414 94.096°
(=1,3,2) 90.000°

(=3, =1, 0) 75.313°

7(6) (—2,3, —1) V10, 14,414 69.075°
(=1,2,3) 85.152°

(=3, —1,0) 90.000°

7(7) (—1,3, —2) V10,14 414 64.623°
(=1,3,2) 90.000°

(-2, —2,2) 90.000°

7(8) (—3,2,-1) V12,414 412 72.025°
(=2, =2, =2) 70.529°

(=3,—2, —1) 64.623°

7(9) (=3,2, =1) V14,314,414 106.602°
(=1, -2,3) 73.398°

M 1] LU, B B MR R A R AR
HIASR], P75 ) S B Al B A i AN [, SRR B 5 1
VR A SR BE 2 R AR s, Bl A AR AR
BOK, IR RIE K, BFEARAR ERR g s, 5% ]
B B AR AR R, BRI Hh AT AR AN IR I R )
UK 2, T S %) % 2 1T DAAE LA A BRI
Y N AT VR, S T R R RIE AR BN, AN
FAHEL IS, 2 S BUHE R EL i B % R AR A 2
PR, I IEOLR, SRR TN E ) PR
TR R R, A SRR B A B .
w, Max=0,18, LRAEMHE M (HYs = TH,
IR TR R T AR IA B O b, AR ARSI 2 AR
TR AL M AT e TS s, PR AN A A
P, LA A5 R ) 5% & nT DUAE [F) M s B L 7 ol
AR B =R AR B, BERPIMHR AR
(AN T 2B R [RIR, p o 2 1 40 J P 3 40 )5
FRABAA WG, a0 2 =1, 2, 3(1) i, EfEJR
THHAFERTT; «© = 3(2), 3(3) I, AR HER R 7
FHURZH R — AEBEIR GG, © = 5(1), 5(4) B, FT2AHY
AR TR A R IR S5 s 0 = 6(4) B, i
A ERE R T IR H R =M BOIRGE R, S =7

I, AR 1 S 2H U A O T B P A
TR TR, A RERE TS ST SE
H, BR8] R/ F 2 ok s, 34 J5 7 2 16 (1Y
VEF S BRRARGR, VARG G I S P L RE AT T 3%
BRIR T IO BURFAE, T 3RAT TN BT A A B 15 < 4
H R R oy, N T i ORE S PR 2 2R T [
TR S 1), R F A HUA BRI 0—6.

A 7% 10 o R e A1 2 =% i A 7 B MR A Y 3R 5
B —AhrdE. 1:0,1:1,1:3(1) f1:6(4)
O AN Y R A7 AE = K AR A E DD I, T 1 - 2 0
12 5(1) BRI R DU . FRAT DR R A o bk
A1 7 B i Jo S P AR B R S L, 4593 — S
7%, xof it 141 7 o 30 40 OSB3 SR T R AT A0 i, &
RA T2,

Gyt bk F 2 R A A A A, W LR
i % G AL O [R], Hofr @ e 14, 0 2 = 0,
3(1), 4(2), 6(4), B HFERHER R 2. X2 HIRC
BB 12, Wz = 1, 2(2), 5(1). M4, EFER
AL H/N T 12 168 A A I [ 4 AT 1R 2505
FERAR, E B RO R TN T 7.
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Table 2. Configurations of superclusters.

IR
” - A B, C :
ool wsEEwn 0 BO a0 R
(¥fiia/2) 7
(=2, 3, —1) 94.096°
0 (<1, -2, -3) i, Jid,Jii  94.096°
(=3, -1, 2) 85.904°
(=3, -1, 1) 90°
1 (-1,3,0)  11,410,24 104.963°
(—2, —2, —4) 90°
(0,3, —1) 07
2(2) (0, 1, 3) V10,10, /36 90°
(6,0, 0) o0°
(4,0, 0) o0
3(1) ©, 0, 4) 4,4, 4 90
(0, —4, 0) %0
(2, —1, -3) 90°
4(2) (2,-2,2) 14,412,430 77.830°
(—2, =5, —1) 78745°
(3, 3, 0) 90
—4 °
5(1) (0,0, —4) VI8, 4,422 64.761
(-3,3, ~2) oo
(~1,1, 4) 93.185°
6(4) (1.4, -1 f13,/18,J18  86.815°
(4,1, —1) 86.815°
(4,0, —2) 90°
7(9) (0, 4, 0) J20,4,+20 90°
(=2, 0, —4) 90°

M EE R 7 1o A B, RATR I, 1E i, &
3(1) BER b BB SR AR AE T AR G
R, WRIEET2RIT, 2 = 3(1),4(2),

x = 1,2(2),

6(4) AL %

b, BRAnS DUEE —FNEE
U ARG SE NS, AR RER R 7. 426

R SR A T LA 0 )\ T AR PR 75 AN T A
A8 CN18 Hl%, WJ

JRFIHL T 55 =582 (2,0,0) - a/2. £z = 5(1) B
R ST AR AR T T R T il — 4E TR 4544, 12
6(4) B b AR R 1 I AL 40, (E A2 R
1 BB G R 30 0 3 4 S5 T A R T R T
TR i T =L RS 254, A1 7535) &) b 43 A 18 I s

Ear b, BATEI 2 = 3(1), 6(4) PR #R T i
A AT 3 HE I LT I L BAT 7N U 20 FR A ) 52
SRR P (1 DX AR R R R R T
BT, T Je 5 3 40 4% S 1 = 2 2 [ A4 Jl R AR
g5,
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4 FCC4H A& 41 AT

KIALLK, Mok e aiom T k& TR
550k, 20144, Hong %5 01 HILIX S R 5 (¥ 1 43
HRAR I I FEA 7 AR L 4 46, &R ™I LR « B
R AR SR XS A & R JEAT AT B,
A LA 1% 2K [Zn-Cuyp)Zng ¢ K A# H ASM Tl
A Cu-Zn B2 4 4 19 i1 2 [Cu-Cuya) (Cu,
Ni) ¢ RARHT ASM F-Ht () Cu-Ni &4 hg 5 07, R
PR IX L5 S hi 5 1) A AR AT PR T DAY 4, 9F
W A G RS T I 1 R 5 5 A S AR 1 I A
PREE R BL R,

4.1 Cu-Zn{k#&

L AR T DA U814 & & rh Zn 1)
[V 9 38.27 at.% (HEEH /N 38.95 wt.%). K
& ZnAE FCC 4 G 1R K AR [ 75 X ], B AH B 4 T
Wb A 4 RS B A 5 2% BRI €21000, €22000,
23000, C24000, C26000, C27000 2. ASM F-fiff
BN &G YRR R A B S B AN R T A B A
A, o aER U, Prhi s Z A Zn & 1)
BN B TR R, I A R R
BA Zn & EIEF19.55 at. % (20 wt.%) Z &, 18
KA. SmErEKHEERENE 5810
KRG R TREES, B Zn S EEF9.75 at.%
(10 wt.%) J&, JFaG S K.

SCHR [19]WE B, 7E 5 A 31.1 at.% (30.5 wt.%)
A S A AR IR R G P 450, [RIRT 4R ) 78
(1, 1, 0) £ B &L ¥ Cowley i FE 4T /7 &5 ¥ 2 B Ny
o = —0.1373, A, RWHE KR & Tk
A0, 1E (2, 0, 0) 0 B &b 1) 5 — 1748 Cowley L FEH
JFZHUN ag = 0.1490, & 1E{H, RTES ZIE4ARAL
BAFZRIE PR T 48. SCik [20] F H, HEE A 4
R A I ML N HE, AHouzn < —6 kJ/mol,
I, TR —IEARE TS, T RER AR, X
5 BT A8 72 BUE AR 1) e 2R TR T AR &5
R ARG P MR iR EH T
HRAR [ I 43 TC 1A FCC RS 1A 28 0 [ Ak 1 25 44
LAY

1) K FIR A Ja 1 EE — 72 2 Cowley FAEA P
SRR AT LIS B Zn 15 57 10 B0 AR SR T R
Cu Ji 1, H A% [Zn-Cuys];

2) 25 522 Cowley HFE A T S 813 H LU T
Zn JEF RO IS AR IR o8 Zn R T, F R
A [Zn-Cuyz]Zny ¢ FKik.

ERENEET, —ExHIRERTFEAR
) 72 T PR R A B R T 5 A il dn, A
& 4 Cugg.oZngy 1 T IE K EEE 7 Cowley Z 4
BTk 5 R I A & 1 oy B A N DL Zn o0 (58
— FOEE 5% B0 B 4 43 il N Zin-Crag 4 Zmg 6
Cus 57Zmy 5, F-¥4 1% &5 #4838 R [ 702 o 32 482 iR 7 A
B BT HARL T, 7B E R R T
4, BT AR S R R R T B R — R R
J& 7, 18 E] [Zn-Cuya](CugoZns.1), X T H A8
00T 58 50 BB R 2R R B R T o5 9, HBR 2R
ZA )RR Cu R, SRR T A L B AR L
AT AR G R A FE AL L T [Zn-Cuya)Zns,
1t AT 7 5P 3 ) B 53 6 R A 4 ©27000 7 B
(65Cu-35Zn, P E).

X ASTM 21 B H (it g 4350 Tk w4 R ()
o3 32— fA AT LI FH 00 A A SR L A] HE AR
3.

B 5 A 4 C21000  (95Cu-5Zn) Fl C22000
(90Cu-10Zn) £ M & & & A, B & KX o 5 A
[Zn-Cuy3]Cug (94.6Cu-5.4Zn) Ml [Zn-Cuyz]CusZn;
(89.2Cu-10.8Zn).

m M5 A& 4 C23000, C€24000, C26000,
C27000, + % J& 7F [ 5 C26800, #1C27400
OB R 2, W] LLAE AT R AR 30 [Zn-
Cuiz]Zny 2,4.56-

B30 [Zn-Cuyo) Zng AXF NAFAT & &S, 1X
Fe RN 1A CusZn L XA & & sy, it
U, A ESRES M CusZn KIKFEH i S8
Hr HiAH.

A B A BRI 5 46 C22600 (87.5
Cu-12.5 Zn) f1C28000 (60 Cu-40 Zn). i —H&
S A TR R, (Hl T e A& E&m A
WA, ME— M SRELNRRESE, 2
WA 4 (MEAHTH B-CuZn M), WX B FTRH
P 2K R0 T AT A & 4, BT DAK T S &
SAER.

4.2 Cu-Niftc%

Cu AN A =i T AT DA LU B T, 7874 20
03 R B B A T A0 32T R R S VA 1A E
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FRVER AL, Cu-Ni AT DLJC PR B, (2% FH g
SHE SR R IEREE A T & AR B A
MWYREEsh, AR HIEER S b A A
B4 4R, C70600 (£110.74 at.% 5% 10 wt.%Ni,
FRRES B10) A1 CT1500(%) 31.69 at.% 5% 30 wt.%Ni,
b5 k5 B30) HA A L R ol ik . 5 v S 4k
PERE, 22H T AR B0l () A e 4. T N1 3
Ni-Cu &4, Monel(#]71.64 at% 570 wt.% Ni, 5
TR A 4 AILAI S PR i e 1 ol o i 2 A3 1) A
AT AR R

FLILJRE R, Cu-Ni bl 3% S2 11 [ 75 A 45 74 52 B
R E TR T RS, BURFE R A & e
JF A5 BT AN, ELAERE A A 5 Fh i e 1) A2 1L

Bl 1 b o W P2 AE NS BN 10,74 at% B
Y43 M2 KAB 160 J/em?; SR BIENI & & N
10.74 at% B, WA /AME 25 W/ (m-K). X HA
PERETE 31.69 at.% Ni o bR T A e, RIXS R/
ANRRURR, Eh G RT DA AR R R A e 1R U,
B110.74 at.% Ni B & £ ROR i s RO X
31.69 at.% Ni FE NEEE T RE ST 1o X, B
Refase, SR AR, SE&rEE P S NG
BHIGE ETF, R HAEA 7164 at.% Ni o db B
KAE. Ni fgff Cud &4k, DL Cu-Ni & & il
ACHF AT FE sk e A S A5 N P B, 7E 71,64 at. %
Ni B, Jo ke F 08 21— /M RME. BT DR
Cu-Ni & & [H AR £ 2 A1E 10.74 at. %, 31.69 at.%,
71.64 at.% (10 wt.%, 30 wt.%, 70 wt.%) Ni =AMk
I3 AL R I RFR IR BE, 200l % B B Tk i
f1 C70600 (H41B10), C71500 (B30) A1 Monel400
5%

SCHR [24] 2 H, 7E Cu-Ni e & &k, 4
EHE B3R F AR H %, HFH B ERS
GEMF T RIIERA TN, B—IEWERF
S8 a0 A EMH, BUERE F R FIRAL, HiE
A F SR 59, W Vrijen 22 @ i x5 & &N
20 at.% Ni 1] Cu-Ni & & A7 H 77 i 5256, 15 2
BIT AT Cowley B fEH F 280N a0 = +0.058,
TR AR s = —0.058. Cu-Ni KIVE S48 N 58 IE
AHcyni = +2 kJ/mol PO Rk, 7555 — L 485 1
P BT RZRJE U AR, X ANEE RS A SOk
AR P S H 3 45 R —FL

WAVAEIEFEA 7 &5/ I il 48 R i A
T B AV SR 0 BE ) FCC R 52 PR A5 [ Vs Ak 1) 45

AT RILE

1) /NI IE VR A 8 Al 28 — 52 |2 Cowley Fi F2 A
¥ 2 08 nT LS B Cu Ji7 + 1 53 2 5+ 4 Cu
Ji7, A B [Cu-Cuyg]. ¥ 2 X Fh B AR T 78
AFRXEREWm O T A& LR E6AN K
53 1 [Cu-Cupa](Cu, Ni)g: [Cu-Cupz]CusNi, [Cu-
Cuy3]CuyNig, [Cu-Cupz]CusNiz, [Cu-Cujz]Cusy
Nig, [Cu-Cuj2]CuyNis, [Cu-Cuyo]Nig;

2) £ & Niliy, 55— 70 )= Cowley FifEH 7 S %
#o ] LA 2 Ni J5 1 (0 B3 40 S 1 A Ni -, 2Rk
% [Ni-Nipo], Wi 2 X P E LR A T KRN E
B T8 0 375 2 45 T [Ni-Nio) (Cu, Ni)g Bl#ER K
Lk,

N, X ASTM B 4 ik F 4 0 T b 4 45 Ji 5
() RS 328 — fiA AT JHL 3 FH 1) A e R LA ME e A 28
N 3.

1) C70400(95Cu-5Ni) & 4x, 4b T & & b 3%
B EFRRBEH B HEFRTRELS WA
[Cug.05Nig.05-Cu11.35Nig.65] Cuis.6sNig.32, HL A1
M — 55 Z 52 )2 JR 1 10 B4y b4 % 1 3 1
THEAH, BZREREA TR, 564 #% R
TG 7 [ 9 A4 AL 3L PR A AT B — A 40 o ) Ni
WA BB AR, B A AR B Cu i N B
2R —3 48, M 3RS [Cu-Cuya]Cuy.o5Niy o5, 143
$ 1 T 8 B 1 [Cu-Cuy2)(CusNip )=CuisNiy =
Cugy.7Ni5 3(at.%) = 95.1Cu-4.9Ni(wt.%).

2) C70600 (90Cu-10Ni) &b, #r#4. B Oy
oI, T R 0P RE AR A AR AR P, XU
B & b B9 203 = (NN A3 i 2 BUR KRB
PEREARAL). Z B AT L a0 i 2 — R EE
I A8 1~ 35 B g 1) ] % U i [Cug.goNig.11-
Cuy0.71Niy.20]Cus.36Nig.64, I 20 3T 12 P 1
S, S8 AR OGP B IS AR AL B o rpae, 2B —
RS A 205 B A T HEAT R, S i B
PRI AR K £, RIS & S Cu-Cu AT Ni-Ni 424,
G Cu-Ni 148, W15 2] [Cu-Cui]Cus o6Niz o4, T
IR T EREE R [Cu-Cuya]CuyNip = CuyyNip =
Cugg 5Nijg5 (at.%) = 90.2Cu-9.8Ni(wt.%).

3) C70900 (85Cu-15Ni) & &, 1R kT & 4
AR BRI B H e riE R
[Cug.84Nig.16-Cui10.08Ni1.92] Cus.04Nig g6, L1 HAE
A1) 8 8 R [Cu-Cuy 2] Cusg.g6Nis o4, 21T T 2L
K [Cu-Cuys](CusNiz) = CuygNiz = Cugy.oNijss
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(at.%) = 85.2Cu-14.8Ni(wt.%).

4) C71000 (80Cu-20Ni) &b, # L34 TR M)
B 5 B 73 1 AR Ak Za 38 8 2 T B Sk 1 bt 0 14 B
EHENIEERIGIMEARAA. HIG 7 i #4510
N [Cug.79Nig.21-Cug.44Niz 56]Cuy.72Niy 25, 4 1L B
AL BN [Cu-Cuyz]Cuy g5 Nig o5, 3T T 8%
JE 3 [Cu-Cuy2]CugNiy = CuysNiy = CurggNigg 5
(at.%) = 80.2Cu-19.8Ni(wt.%).

5) C71300 (75Cu-25Ni) A (i\, &i ? a et
ME LM EEMN R, HiEENEE, 7
Rl LLiR = A & e %?E’J T2 25 14
A [Cu0.73Nio‘27-Cu8.82Ni3.18]CU4.41N11459, RS

[Cu-Cui2|Cug.g6Nis.04, L
Cuj2](CuyNiz) = CuyyNi; =
= 75.20Cu-24.80Ni(wt.%).

6) C71500 (70Cu-30Ni) Ak, 4 H# Hh [ pf
o W), AT R AR R AERES, XA
BRI, FRAR SN NI & B, A <A AR BN
APE XHEAFNGEM S —KASET
31.69 at.% NifJ B, B, 2% Mo Fr [ VA 18,
%G S — R 2R I AR IR N [Cug 6 Nig.32-
Cusg.20Nisz.80]Cuy.10Niy.g0, FHARIT AT 845 K 1 5y
[Cu-Cu;1.98]Nig.02, Rl [Cu-Cui2|Nig = Cugs.4Nisi 6
(at.%) = 70.1Cu-29.9Ni(wt.%).

T BB X [Cu-
CU73,7N126.3 (at.%)

#3  HEE ASTM bRtk 5 H X R %
Table 3. ASTM specifications of Cu-Ni and Cu-Zn alloys and their cluster formulas.

ASTM F&5, wt.% B T fwt. % H %z /wt.% Cu JUTHE B A5 Y
C21000 95Cu-5Zn 94 to 96Cu 0.05Pb, 0.05 Fe, bal Zn [Zn-Cu12]Cus 94.6Cu-5.4Zn 6(4)
(22000 90Cu-10Zn 89 to 91Cu0.05Pb, 0.05Fe, bal Zn [Zn-Cui2]CusZn; 89.2Cu-10.8Zn 6(4)

C23000 85Cu-15Zn

84 to 86Cu 0.05Pb, 0.05Fe, bal Zn

[Zn-Cu12]Zn; 85.4Cu-14.6Zn

(24000 80Cu-20Zn 78.5 to 81.5Cu0.05Pb, 0.05Fe, bal Zn [Zn-Cui2]Zng 79.6Cu-20.4Zn 2(2)
CuszZn 75Cu-25Zn — [Zn-Cu12]Zn3 74.5Cu-25.5Zn 3(1)
C26000 70Cu-30Zn 68.5 to 71.5Cu 0.07Pb, 0.05Fe, bal Zn [Zn-Cui2]Zny 70.0Cu-30.0Zn 4(1)
C26800 65Cu-357Z
Hrov sl 64 to 68.5C0.15Pb, 0.05Fe, bal Zn [Zn-Cuy2)Zns 66.0Cu-34.0Zn 5(1)
previously 66Cu-34Zn
C27000 65Cu-35Zn 63 to 68.5Cu0.10Pb, 0.07Fe, bal Zn [Zn-Cu12]Zns 66.0Cu-34.0Zn 5(1)
C27400 63Cu-37Zn 61 to 64Cu0.10Pb, 0.05Fe, bal Zn [Zn-Cu12]Zng 62.5Cu-37.5Zn 6(4)
4.8 to 6.2Ni+Co, 0.05Pb max,
C70400 95Cu-5Ni 1.3 to 1.7Fe, 1.0Zn max, 0.3 to 0.8Mn, [Cu-Cui2](CusNiz) 95.1Cu-4.9Ni 6(4)
0.02S, 0.02P, bal Cu
9.0 to 11Ni+Co, 0.05Pb , 1.0 to 1.8Fe,
C70600 90Cu-10Ni o HNi+Co max, LU0 RSES  Cu-Cua)(CusNiz) 90.2Cu-9.8Ni 6(4)
1.0Zn max, 1.0Mn, bal Cu
C70900 85Cu-15Ni 13.5 to 16.5Ni, 0.05Pb s
Ho © ! max [Cu-Cuy2](CusNis) 85.2Cu-14.8Ni 6(4)
(Inactive) 0.6Fe, 1.0Zn max, 0.6Mn, bal Cu
19.0 to 23.0Ni+Co, 0.05Pb max, 0.5 to 1.0Fe, , ,
71000 80Cu-20Ni © 23.08i+Co max, 050 LOKe, 0 Gupa](CusNig) 80.2Cu-19.8Ni  6(4)
1.0Zn max, 1.0Mn 0.02S, 0.02P, bal Cu
23.5 to 26.5Cu, 0.05Pb ,
C71300 75Cu-25Ni © " e [Cu-Cuy2](Cuy Nis) 75.2Cu-24.8Ni 6(4)
0.2Fe max, 1.0Zn, 1.0Mn, bal Cu
39.0 to 33.0Ni+Co, 0.05Pb s
C71500 70Cu-30Ni © 33.0Ni+Co max [Cu-Cuuy2]Nig 70.1Cu-29.9Ni 6(4)
0.4 to 1.0Fe, 1.0Zn max, 1.0Mn, bal Cu
63 to 70Ni, 0.3C, 0.5Si, 2.0Mn, Ni-Ni CusNi)-[Ni-Ni C
Monel400 30Cu-70Ni o ! t [Ni-Ni12)(CusND-[Ni-Niwo] (Cue) oy 9

2.5Fe, 0.024S, bal Cu

27.9-33.3Cu70.1-66.7Ni

036101-10
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7) LL B Tk S0 4 1 Moneld00 & 4 1 A% %
PE 4 ANi(Co) > 63.0, C < 03, S <
0.024, Cu 28.0-34.0, Mn < 2.0, Fe< 2.50, Si<
0.5, ¥ 1 Cud & N 31.0, i& i AN = J6 1k
43 M| 24 69(Ni+Co-+Mn+Fe)-31Cu(wt. %), #H4F
Nizg.7Cusg s (at.%), 315 T a0 & 1 pr 7 59 STk 9l
1 71 5 A iR B 7 16 0 S 58 AR 4 Nigg Cusg
(at.%) &b, BEAL& 5 B BB IO R, 57 R
TECAG N /IME, Ni F 52 4k ek s b, %
JEE M F - B3O8 AN B3-S e 2 A9 0] ik
Sy AU, AT DL DA e P 2 FR ) Monel & 4 1 1%
Bl e B TR A oo i R AT B
[Ni-Nijo](CusNi)—[Ni-Nijo]Nig 2 [H].

g A A1 e s I 5 A S 1 41 722 ) LA A
B P )& <l T AR RS 1Y) (A1 7 o AR Y AT
figediT, TRV A X S 4 T — Tl B 1 e 1)
Tk BTG B W B T — SR TR R R
7. ML BB aT LAE th, L F AT DR R 4
FVEREB AN L, W, FERRE SRS T, BE )
TRt A2 K ZR AT o AR R R

IV HRAN R B E AT &S0
W e X0t B A A g 1 1 XA 4, a0 s 4 & <
C23000(85Cu-15Zn), fEi# % o i o R 2 A 3
AT B B v T T ST AR 2 T A & R A st A AN
JE 455, H A #%0N [Zn-Cuya)Zng, #4164 h
5 C27400(63Cu-377Zn) X M. 35 I8 T A0 & 41
e K 5 AE, 5 181 2 i R R T ) R OR
B AR B, H % 208 [Zn-Cuya)Zng, XA FAE [A]
FEER T A& 4, 1 C70600(90Cu-10Ni)
C71500(70Cu-30N1) H A f £ (1 i ik k. & #4M
SEoRAvERe, H R M A [Cu-Cuyz)CuygNig A
[Cu-Cuy2|Nig, %F T Ni % Ni-Cu &4, Monel(30Cu-
TONi) A & H A 7 0o ik ge. HEAE U mT i e
fi BT N [Ni-Nijo](CusNi)—[Ni-Nijo]|Cug, 248 R
TN 18 615, Matlab 8RS B B oRiX
PSR PR R de v, AT R HE R AT 6 000 R,
SERRASE. AWt B T & &R Tk gE
SR T E R 8 ) R ) A A R 4 ) 1

5 % ®

ARSI E A 0S5 VR RS R R, AT

A T S HER I G5, o AR AN A SR 1A
=2 A P HE TS AT R, AR T RIRR
EERAIR I —— MR, 19 B AR A R AE 4 4T
25K B REAL S P HEGAE, 45 B SR IR T T g
T HAE DL B A3 45 JoL 5 A B B ng L ) B i K.
MIEREAT 7 R AR A, B2 B g 4%
J R o AT T PR RO AR G PR RO OML S5 44, 4
RTINS & B %R 4R, 13 28] =t CuZn
A CuNi &b BA RN S & &0
g T 3, IR A 1 5C T < [ % 5 U
BT IERR . FX SRR v AL 22 e ik & 2
J gy, W A CARAR B LT S # i 3, it —
ARG & e dt T IKYE. EAR A RR
W FE AR AL AE PR 5 e IR, A —E BRI BR
P, U3ffE 2 A6 SR R PR RIRAE, A3
TAFMIREAT BL5E 1 24,
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Abstract

It was found previously by us that the compositions of industrial alloy specializations are related to the chemical
short-range ordering in solid solution alloys, which is in accordance with the cluster-plus-glue-atom model. This model
identifies short-range-ordered chemical building units in solid solutions, which the specific alloy compositions rely on. For
instance, substitutional-type FCC solid solution alloys are described by cluster-based units formulated as [cluster](glue
atom);—g, where the bracketed cluster is the nearest-neighbor coordination polyhedral cluster, cuboctahedron in this
case, and one-to-six glue atoms occupy the inter-cluster sites at the outer-shell of the cluster. In the present paper, we
investigate the atomic configurations of these local units in substitutional-type FCC solid solutions by exhausting all
possible cluster packing geometries and relevant cluster formulas. The structural model of stable FCC solid solutions is
first reviewed. Then, solute distribution configurations in FCC lattice are analyzed by idealizing the measured chemical
short-range orders within the first and second neighborhoods. Two key assumptions are made with regards to the cluster
distribution in FCC lattice. First, the clusters are isolated to avoid the short-range orders from extending to longer range
ones. Second, the clusters are at most separated by one glue atom to confine the inter-cluster distances. Accordingly, only
a few structural unit packing modes are identified. Among them, the configurations with glue atoms 0, 1, 3, and 6 show
good homogeneities which indicate special structural stabilities. Finally, compositions of FCC Cu-Zn (representative
of negative enthalpy systems) and Cu-Ni (positive enthalpy ones) industrial alloys are explained by using the structure
units of cluster packing and the cluster formulas, expressed as [Zn-Cui2]Zn;_¢ and [Zn-Cui2](Cu, Zn)g, where the cluster
is Zn-centered, shelled with Cu atoms, and glued with one to six Zn or with a mixture of six Cu and Zn. In particular,
the formula [Zn-Cui2]Zng, with the highest Zn content, corresponds to the solubility limit in Cu-Zn alpha phase zone,
which is also the composition of the specification C27400. The Cu-rich Cu-Ni alloys are explained by cluster formulas
[Cu-Cui2](Cu, Ni)g, where the cluster is Cu centered and glued with a mixture of six Cu and Ni. The Ni-rich Monel
alloy is explained by cluster formulas [Ni-Nij2](CusNi)—[Ni-Ni;2]Nig. The present work provides a new approach to alloy
composition explanation and eventually to alloy composition design from the perspective of short-range ordering in solid

solutions.

Keywords: FCC solid solution, cluster and glue atom model, structure model of geometry, composition

design of alloys
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