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K H D60K 24 £ 7 4> J& H 5 56 I 5 O == =
RN RS S R il HVS-1000 B 4 R 7 1
DU i PR B B o R ) B A O Kgf mm =2,
HA BE % ) B A7 J9 1078 Qem. T 87 S 56 H 4
*1.

F1 GAUIE Moy, 4 15Nira/y 2] Crttoo—s R IIFL 555 HUBL A FCRRE
Table 1. Conductivity, resistivity and Vickers hardness of [Mo,,/y112Ni12/y412]2Cu100—2

alloys after heat treatment.

. Conductivity/ Resistivity/ Vickers hardness/
x y Compositions/wt% % TACS 10-8 Oomn Kgf-mm—2
0.3 1 Cu-0.26Ni-0.03Mo 86.96 2.07 44.27
0.5 1 Cu-0.43Ni-0.06 Mo 76.27 2.36 44.08
1 0.5 Cu-0.89Ni-0.06 Mo 60.20 2.99 43.03
1 1 Cu-0.85Ni-0.12Mo 62.28 2.89 44.63
1 2 Cu-0.79Ni-0.22Mo 63.60 2.83 42.28
1 4 Cu-0.69Ni-0.38Mo 65.45 2.75 46.23
1 6 Cu-0.62Ni-0.50Mo 66.67 2.70 45.13
3 1 Cu-2.56Ni-0.35Mo 35.57 5.06 48.61
5 1 Cu-4.27Ni-0.58Mo 25.00 7.2 50.84
7 1 Cu-5.98Ni-0.82Mo 19.31 9.32 52.58
10 1 Cu-8.55Ni-1.17Mo 14.31 12.58 59.34
15 1 Cu-12.85Ni-1.75Mo 10.23 17.59 65.97

78 /T R TR AR L R ATAF 5T T Cu-
Ni-Mo#& & M HH R MR E &/ 3 7 (1),
(2), QM@K REHEU, V, WHARKH
43 BN 1.08, 1.21, 0.09 f11.50. AR ¥ % 110 5z
5 H ¥ 45 1 [Moy /y112Ni12)y+12)e Cutoo—0 (2 =
0.3 at.%—5 at.%) F FUAE &b 1) PH 2 70 58 7 B

BB R R R, M. BT
W fEy = LB HPHRMEEEHEE RS R 2
WA AEAR A, 2400 T 45 T 2% B O N ) 4 B
53 A 1.8(x 1078 Q-m) F143.43 Kegf-mm~—2, Mt
BB il A0 R B AR 4R AR, RO R
FURE il AL T TIX, & 4 0 o FE A0 Bl BE 3 2 K &R
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30, < Hy = Mo < 3ouyrs, R#5ASM (Amer-
ican Society for Metals) T 2% 45 HH wrought 4
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scribed nominal average grain size. 0S025 (av-
erage grain size 0.025 mm); OS050 (average grain
size 0.050 mm) 2 T 50 B2 A& PR, AR 5 ff i
[ 1 2 804 79 PR R e e g 2 ERE 32, P 454 PRl
JERGRE IR RLIN Hy ~ 1.91 - o, L, R
FE 5 00 M OEUE N 1.91(<3), 13 252560 FF & 2l 1)
BEIE N o = 43.43 x 10/1.91 ~ 227 (MPa), ft LA
sty 20 14 P L 22 0 9 22 4 il 09 1.8(% 108 Q-m) Al
227 MPa.

Hvy/Kgf-mm~2

ot
T
x‘
=
[en)

0 L L L 30
0 4 8 12 16

z/at%

A1 [1\/[Oy/y+12Ni12/y+12]gccul()(),ac (x =0.3 at.%—
5 at.%) BE i B LB (A S\ VR BE (45 S0 It 7 R
S R R

Fig. 1. Resistivity and Vickers hardness vs. the total
contents of solute = of [Moy, s, 1 19Ni12/y112]eCu100—=
alloys, z = 0.3 at.%—5 at.%.
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A =150, M =1.9148N (3) M (5) 2\, "I

pr=1.08-13-z/(y + 12)
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(6) FH(7) A0 55— BTy B <6 v [ 3% 38 40 H BEL
FORI R 20, 58 TR & 4 AT B e X
BH 2 F1 o B i ok, FH (7) N5 — ik (6) UE8 —
T4 21 1 2 [ 5 38 4 1) R P EE 9 5.2-1.5/1.08 =~
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AT L) G, B SR H BE 2 A5 FE ) DT
WATE R — s 2 b, fR e o] DA B H Bt 38 40 1)
SEPH LN 5.2-B/0.09 ~ 490(x10~8 MPa/Q-m), J2&
58 A AT H T 05 B 1K) 5 FE /L BE 2R 1 R B T, 490
LN T X I et iRy L. HAILIX A4,
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2k) X BTSRRI 310, SAsE TR, EHA L ERE
SOAHT AL, AT I EVA Y, e SRR L 7 Y
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Fig. 2.
[Moy /y+12Nit2/y+12]leCut00—o alloys. The red dot-

Variation of strength vs. resistivity of

ted line corresponds to the strength resistivity ratio of
310, which is the complete precipitate line. The alloys
above this line are of the precipitation type, and those
below it are of the precipitation plus solution type.
Near the strength resistivity ratio of 7 is the complete

solid solution line (solid line).

Hy = 30, 584 M i ae R4 8 10-B/(3 -
0.09) ~ 3.3 - B/0.09 ~ 310(x10~% MPa/Q-m), ¥
‘BENITIXHITERE S L2k, Ja AT < F 2, X
ANEUE S — Pl FUIRES, 2 584 Hi B RIS 2 1 5
PRECEOTN PR, T ok 5 FELAR & < ) R R A
T ITIX (Sbr b AV o2 sl B 2l & 4
I 4 R 2 TIX), 3X LR T 310 2okt 1 AR & <tk
ATPERE A X I B [ A 8 40 AT S S 1)
REJ3 SR AT A1 AT H R 23 P PR e 4y R 2 i (2 LE
TEE S OVERE 73 SR OB R A B s ), BEWILE T
RESRTHJ7 BT HH 0 20 R S R AR R, AR 4 v B X
B VERE B e BB RE ST i, SRS X AT
R oy AT, M AR AT K, X AR R
g T BT AR RE G T THD T AT AR A
B2 Cu-Ni-Mo & < HI R iR (Mo 758 Fe A4 AN
75, 3B Ni RN, BL [Moy-Niyo] F1#% 7 2 [ %
FEAR SR b T I 52 1) Mo K LABR BT (TR 208 HY,
B &5 A 7 M o3 RV A 8 2 A0 AT ) ),
PEFRATTHE Cu-Ni-Mo & B AF AT 56 8 & <5 ¥ FE il
W 42 10 58 A [ P AS R iR B2/ WL BEL AR PR RE L 7 8
SN FE AN SRR, A A IR R FERE EE 310 %€ XN
SEANTH A TR (B PR gR). N 2k
73t Cu-Ni-Mo &< Al WL, EA 358 et i, ZRE

e PR RE LE AR T 58 A b H 5 4R (310 £k) (9 BT,
FUATE G IX 38 1) Cu-Ni-Mo & 4 A4 Re ik 2 i i e
SEOR, BRI R RESL B S s T, B ANRE
JEA T T A A . H Cu-Ni-Mo 5 4
e AR R E TR & <, SR T SR
FOR A R AR E M IR & ik, BB i A AN
VIS E N SIVARE

4 TR TR-BESK

7E Cu-Ni-Mo & 4 fi 7 A4 1) H BH 28 A8 55
4352 1.8(x 1078 Q-m) #1227 MPa, {HIX ZFATH)
G &R A EE, A — MR Tk
Gl (1% P, PH e A0 5 B B B a1, FRATTRHE S SR
J B0 FH F A F BE SRR i B AT B O . ik
PINAE R N A B PR R 1.75(x 1078 Q-m),
AR 2 AR TY Ja, R G 230—290 MPa A]
#4n%) 350—400 MPa 122 7E ASM T JJi} (207 v i 4
)15 ) BUAE R (221455 MPa), BT LAFRATT ¥y 2t 4
) 3 5 B —F 24048 M 340 MPa. i1 T 58 FH b A2
R X B Cu-Ni-Mo & & B £ 2158 15 - H B
KK 340 MPa of A1 L, 1% R b B X 07 JE T 55 BH
o B a  Re oy XA s, R T2 BT LR R
(AR G 4, FRER LTI R RH S AN 50 5 1 50 R
HERBR T2 07 A [ 0] HEL BH 28 58 B2 0% 3 1) 5%
Y AL 1 e BH 28 A B R i A B S AR AR A
(1.75 x 1078 Q-m, 340 MPa), N 5¢ 47 H 58 BH LE
T FR 310 28X} B4R A 4 Cu-Cr, Cu-Zr, Cu-Cr-Zr,
Cu-Fe-P, Cu-Ni-Si, Cu-Ag & 31T HRE 0 X, 4 RE
HHE R F SCRR [6-—10, 20,22—52).

oA BA & SR 1 Cu-(Cr, Zr, Mg,
Ag) & & UL R A 7R BT H 1) Cu-Al O3 & 42,
FHUE NS, WD i H A & 4.

Cu-Cr & 4 B A = 1) 5 5 B 55 A0 (R 4 1) 3
H S 20 R P T 5 1 g, Cr 7E Cu o [ 7 AR A,
600 °C PLFJLFAE, 1080 °CEALAR A R B
1.28 wt% ) Cr 3T Cu . gREUT H ) Cr 1T BAAE
Kk ZU AT H AL, 10 LT 46 Cu ZE AR ARAE T = 1)
S, FILZRES BN BA B &
ERm SR E SRR, Cu-Cr &Mk
EH RS, BT Cu Ml Cr (AT, T2 M
HE %, &bt %A S B2 W mT. BE%E Cr
BN IN, H BBk 58 B2 AR 20 AT AN 24 AT,
I Cu-Cr R A S b Rk il 2% i T2 R0 2 Hioas i 5 ok 7
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. Cu-Zr 545 Cu-Cr & & T, misfH
e T A S R 0L R PERE, (HEAT SR A
f, BT AR, — RAE 450 MPa 240, X 72
T Cr J& Zr MBS AR A B AT H s BEAR PR, 5 B 2%
B A KB IR DR T H, S8 ] 375 A 1 ek o 0 B2 o
K, W RUE SR BCR—AS, R T Cu-Cr-Zr &
&, HSHETEAZ, (HHREE DL s 1k fe 5
J7H53RTS 1 O3, & B R B 1t R A AR 1Y) v o
A E AR, TRy U BE R AR AR RS e Fe
dimdas Mg, FarHEERE. Cu-Cr-Zr & &M K
S VAR AL AN, 258t s Ak i 4 S B e AR #ikt
HR SR, &4 R G BA RIFr%
I C RO, 7E3E 4 BB T AT I AR B, R
AR UIE A, ZEEMUAEA RIS HE
PSR B B R AR B T HLE B B
U B L i R FI P AR S, el 2 7E 700 °C
()i T, AT5IR BEAS R R e OB 2, (H ) 26 T2
FE Cu-Cr &M EE 2. @it Cu-Cr &4 i
N B Zr e E, AEASEHT tHd 2 v Rl 7= 4 Cr
FHAN CusZr AH P F0 AT HAH, BT Cr A1 Zr 922 BAR
H, AAUAE Cr AH A Ze A B BT HAZAF 480N, R
T AR T AR e i R SR OREAR, AT A A4 R ) i
FEE R R 15 2 003 i b Cr Al Ze ZE & & =R
NV R AN, BRI ) E . B 3R
ST KRGS T AR AL KE A B
HRAL T 582 th o F 4k (SRFHLE = 310) 1 EJ7, HE
4 Cu-15Cr 1 Cu-2Cr-0.3Zr 5 ik T 2 JR A1 5 & Al
5 S AR AL R R S B R 35 A T 3
FIBARZIX. 5 R 2 9 52 X AE A v o sy S 40 5 4
MZHEAE, KN HAMESHERNGERES S
B fE. 3% HX Cu-0.9Cr-0.3Cd , Cu-0.13Zr-0.07Re
F1 Cu-0.6Cr-0.1Zr-0.03Mg & 4 /F A Cu-Cr, Cu-Zr
Al Cu-Cr-Zr &4 IRES 5 5 R X

K4 M5 —FKEmF 64 Cu-Ag, Cu-Mg LUK
AR BT H R Cu-Alo O 24 ) He BH 2 T 5 37 5%
#. Cu-Ag, Cu-Mg — ot &4 5 HMEIRE, (HyRfE
K. SRR — 0 &S T 3G T H &8 o
PIDTHR, Q0N Cr, Zr RER IFHh i 38 Cu-Ag &4 11
i & MERE, 5 Cu-Cr, Cu-Zr il Cu-Cr-Zr B 14 8 2
AL, HERe LI T, (HEEEA R KE. Cu-Ag
RGP IRE I & e AR AE S8 et th 26 B 07,
vt Bt R A & 4] DU R 58 A AT AR s i R, W)
IR B = R I = 2 SRk £ 5 TR 2%
A1 RE BRI ) Cu-0.1Ag-0.05Zr & 41N Cu-Ag &

e AR AT o ) PERE 70 X, FE AL T R 1 $2
FH Cu-(Cr, Zr) Km W E SRR IS HEXA.
Cu-Mg R %14 4 1) Cu-0.11Mg-0.06P & 4 A F
BZH XA, Ja ik iza £5108 Cu-Mg & R IR
KA E. Cu-AlLOs RIE T REr i R &
&, T et e ian B, #2450
g T me S %X EJr, B LTy
TR E RS HLZEERE™#, A AL
R, 31X BUREE RE AR U (1 Cu-0.2A1,03 & 4
TR RS & &R S 5 JE SCITERE T X

900 [ ]
15Cr in-situ composite ® CuCr
® CuZr
2Cr0.3Zr spray deposition A A CuCrZr
750
IS
[al)
s n
<
s 600 | e
s -
° ° --
° “ A --"
A ] -
450 e oy o #A4A
o A A
1 ] L . "
1.8 2.0 2.2 2.4 2.6

p/1078 Q-m

3 Cu-(Cr, Zr) R4 4 M BB X R, FE
ISR AL E, B (1.75x 1078 Q.m, 340 MPa).
Fig. 3. Variation of strength vs. resistivity for Cu-(Cr,
Zr) alloy series. The origin corresponds to pure copper
(1.75x10~8 Q-m, 340 MPa).

900
® CuAg
e CuMg
A CuAl,O3
750 1l
A
£
A
= 600 4
S~
b
[ ] _-
n aA -7 °
450 --7 °
- [ ]
-
1.8 2.0 2.2 2.4 2.6

p/1078 Q-m

4 Cu-Ag, Cu-Mg fl Cu-Al2O3 RF1E 41 L FHZ A
SREER AR, BRI IX IR 315 B[ Cu-Cr-Zr & &
PERE & X

Fig. 4. Variation of strength vs. resistivity for Cu-Ag,
Cu-Mg, and Cu-Al2O3 series alloys. The shaded area

is the properties of the Cu-Cr-Zr series alloys.

N T R R ORRFIE AR & & Cu-Be R
FE e IR R R A &, B Be BN, ££
BRI L B R AR AH SR B AN I BAR K
(HEIL 1.9) IR THR /N (155 5 7 ZERHEIR KK 3
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PEVE N AME, ISR & PERE AN EE 4] 7E Be (110
NEN 19N 58 2R 5 AT BIFE AL G54, 0 B
() 31 5% 30 [Cu-Cuia)BeaCuy = 98.1Cu-1.9Be 7],
o B 82T B E B < S C17200, BLIAETE
T8 A [V 5040 A, 35 B BAR ) 4544 1R RE (10
5F7R). AEE 5 HRl WK E 3 1K) Cu-Be & 4 &b
TN LR T 7, WY Cu-Be R 514 & HLH
M5 B 1) g A DTG C ARG BROIR 25 Dy A b R AT 72 ] v
BISea 2150 6. M Co iR M E S5 Be &M
# H24 (Cu-0.3Be-0.25Co) 3k Co f & K T Be I &
(Cu-0.5Be-2.5C0) I, REWEHLIF Hu P2 = Cu-Be & 4
() BT, IXRE IR 4 MRAHT HY S 1k R, Ak T
REAE L RE M 22 (0 07, XIS AT S A 4 I R
T B 5 BT BRI O SR e R X
J& PR T Z B 52 XA D s AR 40 & < 1) 2 25
B, RV HoAth & Sk RIVLEGRE S MR RE.
EHOZE AR IX N Cu -Be G &MAREK S5 G XL
R e 23 X

1600

- T.0Bc0.4Pb
® Cu-Be / 19Be
/ e
/7
/
/ /
1200 | ,

, 2.6Be0.5C00.35i
[ )
0.5Be2.5Co /1 7Be0.3C0® °

@
% > 2Be0.5C00.38i
~ ’
N 7 #0.3Be0.25Co
800 | / 2BelCo® @
, 2.4Be-0.5Co
Vi @ 1.5Ni0.5Be
,/
’
400 f
1 1 1 1
2 4 6 8 10
p/1078 Q-m

K5  Cu-Be &< HIBL AR WEHE R R, £ A
WX NE AR S EEX, A ERRX YRR S
X

Fig. 5. Variation of strength vs. resistivity for Cu-Be
alloys. The lower- left shaded zone is the taken from
Fig. 4, corresponding to high conductivity alloys, and
the upper-right shaded zone is the representative high
strength zone of Cu-Be alloys.

Cu-Fe tf R TR FEANELE, HEkfa —
E M. WEGH AT, Cu-Fe £ 51 & 5 K &f
rab T et AR BTy, T H RE NS Ik IR
framE, fEovm a2 e & E M < e
B g5 P RE B 4 19 N Cu-11Fe-6Ag, 1E N
Cu-Fe RN RSEREMMERD X, #
— B IINP, i Fe-P #r th, BERE— BT S H
o g, B K, Cu-Fe-P R¥IA&E T w4

Frifgim By, HE S Cu-(Cr,Zr) RAIE &K
B 82 X A 58 &, BT BAAT DLIE A & ok 5 A & f8
F. %t Cu-0.1Fe-0.03P, Cu-1Fe-0.03P 1 Cu-1Fe-
0.3P-0.3Zn, Cu-2.3Fe-0.035P-0.1Zn & 4 7] W,
N Zn H R TH BT, $EmamtEae. & TR
P A8 28 9 1B 7 ) Cu-2.3Fe-0.035P-0.1Zn (KLF194-
SHT) NIt RHE & H A R ir & 4, 1A
R FEE&MREXS S EH TG X.

Cu-Zn R &4 i 1 & 4 351 58 2
IR, VLI RAE S AR B E T, BT
PUX AN R E 4 11 ae 3 - R fed i[85 v A 45
HrnJERVEH, BT DAER& MERe B AR A, ARtk
NERE A S NMEMEN. fEmiE T, FCCH
Cu Z& & i ] DLE A 39 wt. % (i & 1 4 E) § Zn.
Cu-Zn & 4 [Zn-Cuya)Zny 5 Cu-Znfk & i £
Ak 2 25 4 26 1) i B R (¥ Cu-30Zn(C26000)
B R A I S e gy, ORI A i R
AR () JR T TR A ELAE . 6T g Ak g Sk Cu-
30Zn(C26000) & <5 1) 1 fe B 47, 1E NI R P& 6
MARES S a7 X

T Cu-Nb &4, ATt i o7, &8
TramEthS454 UNbEFENI15%20% i Cu-
Nb & &t Refm if, Nb KL S AR T & 8M )5
g1, HFKA S FHMER. Cu-Nb RIIE64E
AETERFAEVERE LR 1 5, VEREEUT, 4 Cu-18Nb &
#EAN Cu-Nb RINKEKS 5MRE X, TBEE S
Cu-15Nb & 458 & Al ik 1400 MPa, H AN H 5%
AL 75% TACS, RILH T U051 75 A P Re,
HRAE T B A B G

Cu-Cd RANHH A e T 5w e 4k
75, HAERS A Cu-(Cr, Zr) RIS EMHARXE
NB, BEEA RIS SR 5E T
H, fE45 H 1) Cu-Cd &4 Cu-1.0Cd (C16200) &
S RERE LI SE AT Y, PERE ST, 1E NI RAIHIMR
T, e T ESSEX L E.

Cu-Ni-Si R & 4 Kok T et h ke
T, Ul AR A R S A AT . BEAE NI, SiEER
B, MOEHR SR EEA BTG i, S H bR, [
I, Gl A eI Y. B T g, W R
MR SR E A S . NP, Zn, Cr, Fe, Al,
Mn, Mg S 6%, A Cu-Ni-Si & 45 E # A
ANEIFEEE B2 . A E TR & 6 - 3R R0
Eb#e 82 24, B& T Cu-0.1Ni-0.03Si fil Cu-3.2Ni-0.7Si-
0.3Zn(QSi0.7) iz T 7w atrih gk b, HAhpra &4
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HAEF T, Ui R4 E SR A H B 78 2T HAS.
24 PERE BT B9 N Cu-3.2Ni-0.7Si-0.3Zn(QSi0.7),
Ni/Si = 2.2, /E 4 Cu-Ni-Si R & &R ES 5
RETr X

1600
@ CuFe
15NDbdeformation composite)
* (deformat i ‘)’/ * CuFeP
A CuZn
v > CuCd
1200 | ) # CuNb
o a‘ho Yy ® CuNiSi
& 9o A |
El vy oo oL
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800 n n " "
/o m A
P A ;| "‘h *
2 " x A
2 L 4 a
"a
*A
400 1 Ty L
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p/1078 Q-m

K6 Cu-Fe, Cu-Fe-P, Cu-Zn, Cu-Cd, Cu-Nb 1 Cu-
Ni-Si 7 <z K HL BEL 220 9 BE 808 X &, AN R AR
PEE SYHT IR, 2 AKX IR AnmSEaX,
F B X O BA ARV E R X

Fig. 6. Variation of strength vs. resistivity for Cu-Fe,
Cu-Fe-P, Cu-Zn, Cu-Cd, Cu-Nb, and Cu-Ni-Si alloy
series. The representative alloys of each alloy series
are arrowed. The lower-left shaded zone is the taken
from Fig. 4, corresponding to high conductivity alloys,
and the upper-right shaded zone is the representative

high strength zone of Cu-Be alloys.

THANR S A4 ALTE Cu i 5K [
79.3 wt.%. Cu-Al&G&FHMRZE, BA&E®S
PUAMERT HUAR M. B 74 H T Cu-ALRFE
S 1) HL BHL R AN SR T ) Ok &R, B I 1 e AR AL
FE 584 HT HH 26 310 B ¥ U7, 1t B [ ¥4 30 4 2 P BHL
FAGRFE 1) E TR, Cu-Al R84 &1 PR
R, SRR, BIA R 9 1E & Ak
i, X T Cu-Al o & 4, MR EE R AN
[Al-Cuyo)AlyCus = 92.2Cu-7.8Al1, R UFHufERE T
A4S C61000 (Cu-8AL) 19, FEXHAE 45
1, Cu-8ALZ A XS HAF (1Y), AR -FAE A2 B
P 7 A R ) M e B T T AR ) BR
I, 7fE A B Cu-Al & EHE 5 Hil il Al TR E &
BT 7.8 ()4 4N Cu-8A1-2Ni(C61500), ik B 1 fig
. Cu-8AL-2Ni(C61500) 1F A Cu-Al & 41 &
SRESH5MRX.

Cu-Sn & 4 R 51 (16 & ¥ AL AE 58 4 B H 4%
~, B R A A 4 DURENA N, PR e B =R
o P AR IS B B UL RS, Cu-11Sn(C90700) & 4
Sn & & 1012, 86.5 Cu-12Sn-1.5Ni(C91700) & 4=

B Sn &N 11.3—12.5, fE4 74 T Cu-12Sn-1.5Ni
(C91700) & 4 1 e e e, 4 il A 7% % 1 [Cu-
Cup]Sn;Cu; = 88.2Cu-11.8Sn %), Sz 414 F,
HA R ¥R Cu-5Sn-0.2P(C51000) M A A etk S
B, BRAE R Cu-Sn RAESRES Y &Pk

1600
: = CuAl
® CuSn <
O v <« A CuNi
i v CuNiSn
12008, ¥ Y v |<cuTi
Cf v Y ° v
= <3 a'
® i .
800 « "y
‘ L4 A\ "a A
N [ ] - ] A
(] AV .
400 fo L " L .. L L
8 16 24 32 40
p/10-8 Q-m

7 Cu-Al, Cu-Sn, Cu-Ni, Cu-Ni-Sn fl Cu-Ti & 41
RS ZR AR OB R R, G BRI PR S S
B bR, Cu-(Cr, Zr) @5 XA Cu-Be /58 X A5
H

Fig. 7. Variation of strength vs. resistivity for Cu-Al,
Cu-Sn, Cu-Ni, Cu -Ni-Sn, and Cu-Ti alloy series. The
representative alloys of each alloy series are arrowed.
The high conductivity zone of Cu-(Cr, Zr) and high

strength zone of Cu-Be are also shown.

Cu-Ni & 7 & & A B0 (U8 M, Cu-
Ni & 5l & 4 % B3 4 & [ %, Bk fH 2 1)
Ko HoaE R OR R EAE A AR [Cu-
Cuyo)NigCu; = 88.3 Cu-11.7 Nill?l &
48 Cu-9-11Ni(C70600), B Ni (90 [ ¥4 75 4
B e [ BB R BR K, FG R B S 0 g T 9 T B
N7 TR, Cu-Ni 251 & & # AL 5 58 4 4 th 4%
3104 UL F, REWAEMESE, HBEAR. LR
FIVE R S 1) A 4 A5 42 Cu-9-11Ni(C70600)
AR BRI 5 % B 1) 22 6 & 42 C70400 (Cu-5.5Ni-
1.5Fe-0.6Mn), H 15 # Cu-5.5Ni-1.5Fe-0.6Mn K
1B Cu-Ni RANIARES 5 5 TH I TERE S X

Cu-Ni-Sn 1| & < #B AL £ 58 42 H7 H £ 310 £k
(T, BB R A& 6 A 9 3 s P RE IR &
4. H Cu-Ni-Sn R & 4 e SR mff 5 A2, s pE
FAPARK, BEATIE Sy m st bR . R 1 e B
1) Cu-9Ni-6Sn(C72700) & 4 AF 4 Cu-Ni-Sn R¥I&
SRERS S EHRTER > X.

Cu-Ti RN GEHEREN HLLUT, B
REAE N s 3 5 e M RHE . BEE Tim A,
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MR EAR T KRR & U Cu-Tia&m
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PERESYIX.

BEZIWREGESILATHES, MBS R
7E80% (FEFHHR N 2.16 x 1078 Qm) L L AE S &
4, 1£50%—80% A T & 4, KT 50% (FLBHZ
N 3.45x1078 Q-m) AT A 4 Fi i o B LE 500
MPa DL F N E5RA 42, 300500 MPa A H 58 &4,
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B 52 X 38 DA B A 4 v s ot 4, AT B 4

KA XA LMEGE&m T A4S Fi Y
S I R T A R AN B R 5 1(Cu-Cr &
H), 2(Cu-Zr %7%1), 3(Cu-Cr-Zr #7%1), 4(Cu-Ag R
1), 5(Cu-Mg £741), 6(Cu-Al,03 R 451) 1 7(Cu-Cd
FA), XL R HI ] DA o 2 A 4 1k A Al
H, 1 8(Cu-Fe-P %&7%1), 9(Cu-Fe £%1), 10(Cu-Nb
Z41) #11(Cu-Ni-Si & 51)) 7] LUE 9 = o o 5 46
BH#EH; 12(Cu-Be £%1)), 13(Cu-Zn &%), 14(Cu-
Ti & 1), 15(Cu-Sn & %), 16(Cu-Ni-Sn & %),
17(Cu-Al & 1) #118(Cu-Ni % 1) o] LL H {F & i
iK1 K}
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Fig. 8. General evaluation of electrical resistivity and strength for copper alloys.
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Abstract

Low electrical resistivity and high strength are a basic requirements for copper alloys. However, it has been widely
known that these two properties are contradictory to each other: high electrical resistivity means extensive electron
scattering by obstacles in the alloy, which in turn blocks dislocation movement to enhance mechanical strength. That
is to say, any increase in strength necessarily brings about an increase in electrical resistivity. Essentially, strength and
electrical resistivity are coupled in metal alloy as both are issued from a similar microstructural mechanism. That is why
it is generally difficult to evaluate these alloys comprehensively and to select the materials appropriately.

The present work addresses this fundamental problem by analyzing the dependence of hardness (in relation to
strength) and electrical resistivity on solute content for deliberately designed ternary [Moy/(y+12)Nilg/(y+12)]zCumo,z
alloys (at.%), where z = 0.3-15.0 is the total solute content, y = 0.5-6.0 is the ratio between Mo and Ni. The Mo-centered
and Ni-nearest-neighbored [Mo1-Nii2] cluster structure are used to construct a short-range-order structure model of solid
solution. The cluster [Mo1-Nii2] in solution enhances the strength, without increasing the electrical resistivity much, for
the solutes are organized into cluster-type local atomic aggregates that reduce the dislocation mobility more strongly
than electron scattering. The short-range-order structure has an essentially identical function for strength and electrical
resistivity. In this solution state, both hardness and resistivity increase linearly with solute content increasing. When
the solute constituents do not meet the requirement for ideal solution, i.e., Mo-Ni ratio exceeds 1/12, the maximum
value that the cluster [Mo1-Nij2] can accommodate, the solid solution should be destabilized and precipitation should
occur, such as Mo precipitation in this case. The deviation from the linear change of resistivity and strength with solute
content are caused by different alloy states, that is, solid solution and precipitation, which contribute to the resistivity
and strength differently. Here we define a new term, the ratio of residual tensile strength to residual electrical resistivity,
i.e. the ”strength/resistivity ratio” in short, which represents an essential property of the alloy system. This ratio is
7x10% MPa/Q-m) for the Cu-Ni-Mo alloy in complete solid solution state, and it is in a range of (310-490) 10° MPa/Q-m)
for the Cu-Ni-Mo alloys in a fully precipitation state (i.e., most of Mo solute atoms precipitate out of the Cu matrix).

Finally this new parameter is applied to the classification of common copper industrial alloys for the purpose of
laying the basis for material selection. It is found that the strength /resistivity ratio of 310 effectively marks the boundary
between the fully precipitated state and precipitation plus solution state. Using this criterion, it is concluded that alloys
based on Cu-(Cr, Zr, Mg, Ag, Cd) are suitable for high-strength and high-conductivity applications. However, alloys
based on binary systems Cu-(Be, Ni, Sn, Fe, Zn, Ti, Al) cannot realize the same purpose. The finding of the line
dividing the characteristic properties of alloy having a strength-resistivity-ratio of 310 provides a key quantitative basis
for comprehensively evaluating the alloy performance, which can effectively guide material selection and development of
high strength and high conductivity copper alloys.

Keywords: Cu alloys, short-range order, electrical resistivity, strength
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