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Influence of Co on Strength and Microstructure of Cu-Ni-Co-Si Alloy

by

Kotaro Izawa™, Atsushi Ozawa *, Kazuhisa Kira **, Chihiro Waranase ** and Ryoichi Monzen **

Cu-2.0wt%Ni-0.5wt%Si, Cu-1.4wt%Ni-0.6wt%Co-0.5wt%Si (0.6%Co) and Cu-1.0wt%Ni-1.0wt%Co-0.5wt%Si (1.0%Co)
alloys produced by combining cold rolling to a 25% and a 90% reduction with aging treatment are employed to investigate
the effects of Co on the strength and microstructure of Cu-Ni-Co-Si alloys. Aging the 0.6%Co and 1.0%Co alloys at 525,
425 and 325°C produces orthorhombic (Ni, Co)2Si precipitates that have the same crystal system as Ni2Si precipitates
formed in the 0%Co alloy. The larger the amount of Co in the three alloys is, the higher the dislocation density in the
alloys peak-aged and rolled to a 25% and a 90% reduction is. The amounts of deformation twins observed in the 0.6%Co
and 1.0%Co alloys peak-aged at 525°C and rolled to a 90% reduction are much larger than that observed in the 0%Co
alloy peak-aged at 525°C and rolled to a 90% reduction. The strength and electrical conductivity of the three alloys initially
aged at 525°C, rolled to a 25% reduction and re-aged at 425°C (A25RA), or aged at 525°C, rolled to a 90% reduction and
re-aged at 325°C (A90RA) becomes higher as the Co content increases. The increase in strength with increasing the
Co content is attributed to decrease in the inter-precipitate spacing and increase in the dislocation density for the
A25RA alloys, and increase in the amount of deformation twins in addition to decrease in the inter-precipitate spacing
and increase in the dislocation density for the A90RA alloys.
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Fig. 1 Age-hardening curves of Cu-2%Ni-0.5%Si
(0%Co), Cu-1.4%Ni-0.6%Co-0.5%Si (0.6%Co) and Cu-
1%Ni-1%Co-0.5%Si (1.0%Co) specimens (a) aged at
525°C, (b) aged at 425°C after aging at 525°C for 3h
and subsequent 25% cold-rolling, (c) aged at 325°C
after aging at 525°C for 3h and subsequent 90%
cold-rolling and (d) aged at 425°C after aging at
525°C for 3h.

specimens.
. 0p.2 Ou &t E
Specimen (MPa)  (MPa) (%) (%IACS)
F0%Co 510 550 10 40
F0.6%Co 550 600 9 42
F1.0%Co 570 620 9 43
F0%Co-25RA 560 610 8 44
F0.6%C0-25RA 650 690 6 50
F1.0%Co-25RA 690 740 6 55
F0%Co-90RA 660 700 8 45
F0.6%C0-90RA 770 800 5 50
F1.0%Co-90RA 850 880 5 55
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Fig. 2 Boundary misorientation map of a F1.0%Co-90R

specimen.
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Fig. 3 TEM image of deformation twins in a F1.0%Co-
90R specimen. The zone axis is [011].
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Fig. 4 (a) TEM image of a large (Ni, Co)2Si and small
(Ni, Co)2Si precipitates in a F1.0%Co specimen. (b)
[001], SADP corresponding to (a).
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Fig. 5 Results of EDS analysis obtained from (a) large
(Ni, Co)2Si precipitates in 1.0%Co and 0.6%Co
specimens solution-treated at 920°C for 3min and (b)
small (Ni, Co)2Si precipitates in F1.0%Co-25R and
F0.6%Co-25R specimens aged at 425°C for 100h.
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Fig. 6 HRTEM image of a (Ni, Co)2Si precipitate in a
F1.0%Co-25RA specimen. The zone axis is [001],.
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Fig. 7 TEM images of (a) Ni2Si precipitates in a
F0%Co specimen and (b) (Ni, Co)2Si precipitates in
a F1.0%Co specimen.
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F0.6%Co0-90RA 770 0.014 2.8 1.5 29 04 7.9
F1.0%Co-90RA 850 0.016 2.6 22 26 03 9.5
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90MPa, 140MPa S CT& 5. ZhoDfEik, FHBED
FfR5R % 3% 90MPa, 130MPa &IEIF 3L T3,
90% HAEA L7z & 21X, Co & mIEMNIIE S nhr st &
EWF R B OBINAZIN A, 2SR EAIZL S
AL BOMM Sy % RAEE 208 H»%H 5. Gertsman 5 2
1Al Cu OFEIRIB T OSSR R 2 G L TR D,
ZOFERLD 1.3um 75 0.4um F TOR SRR IZ X
B[ R58% O FFIZH 40MPa, 1.3um #*5 0.3um £ T
DIFAIEHKI 50MPa L RS 5 2 &M TES, HE->T3D
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DAL BEDOBEIN S DAFHE 0.6%Co, 1.0%Co AETZN
Z3H 150MPa, 220MPa & iR CT% , FEROREIREE
3, 120MPa, 190MPa (230>,

4-2 FERHICKDIEEDEM

Table 2 T, 3 fHDKAETONHMOEZEE N IZ
PRI IEML, Z ORI 90% LA EL 7z & D)
MPHFH TH 5. Cu-2.0Ni-0.5Si A4 A& FELEIZ e  THEY
2179 & NioSi Mt At B erichritid 2 2 &
PHE XN TS 0D T, N ORI X 2803
AR BRI LR T h B L R S h 5.
FEE, WD < 25% & 721d 90% [ AETR 425°C & 7=
13 325°C TR A2 92hE 3 5 Ll X I3 5 DITH L,
JEAE 1T 4 28\ T 425°C TRIFER &2 JEhE L 72 & i & 4
FEAEEML W EWS FIH (Fig. 1) 75, AR
A X NIRRT DS FHRIEE 350 F B AT I DR AE B 4
MZzh, MBI TR Z BN TH B,
I L2 NOMMAZ87-63EF 415, 7272
L, F0%Co-25RA, F0.6%Co-25RA, F1.0%Co-25RA &kt
%l 5T TEM 8IS & 920 U 7228, FIHRRhIZ & 0 K
NN EER AP S £ 5 TNBDN, HBUVIIEI
PN L DA EISRERR L 2D &5 2 &1k
Kt Td > 7=. Fig. 8 1% F1.0Co%-25RA FkHZ Fou T
IR HERT AR U 72 &Iy X o B e (RETT
FoR) OTEM & TH 5. ZhoOfdno~HkizEy
£3.1nm (Table 2) & —fI/hE N Z &IZ5ifH<.

Fig. 1(h)&@IZR6Nb &5, MRHIKEEED
I D NELEL O BN X DIl X345, FHEtk
DOEIRNZ & % 0.2% it 1 & 5158 X OB, #lxE,
F1.0%Co0-90RA 7k} Ti 110MPa & 100MPa T - 7.
Z O S OBENNL, BN X 200 £ & N ORI
(Table 2) 12k % A DOWISHEKT 5.

Table 2 2%V T Co BHED L WAEIRE, VIR
B A, FRFREIRO FRREL BoTW5, X51C,
Co & BEDOBNMNIZE, RN & 2 fORMTEI K Z
W, 5T, Co BAERDZVAEIRE, BERIVNEL
B0, Lag 525°CE 425°C £ 7213 325°CI $517 B [ PR
DENKRELS LIS 5. BHE, 0%Co,
0.6%Co, 1.0%Co &4:1ZF W T 525°C & 425°C D [EIVEIR %
FERTHY, XONREE#TITETHS.

> .
-

gl

20nm
h_

Fig. 8 TEM image of (Ni, Co)2Si precipitates in a
F1.0%Co-25RA specimen.
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Table 2 1ZR65NB XS, Co BHRNPLWAEIZE
PR RO S p NEL B> Tk, TOMEIE
90% IEAE A FENi L 7= & ZWH#E Th 5. Table 3I1ZKAE
OYIHREZNIZAE < 90% [EIER D p Z/nd. FHRERhs: & [l
MO ZRTH, YRNThOAEIZKENWTE plds
W, RRIZ, Co BAREDPLZOVAEIFE 90% LR D p
DO R 2 BET T 5.

5 ~ 90% DHPH T Co [EERDOEIMIZ Y Cu OFERE K
FAT 3L F =245 2L P FE72 CurHiZ 0~ 32% D
Si 2EE T 5 ERRERT AL F—AVNEL kBT LD
PG XM TS, W, Cu hao Ni [EE RO &
HICRE R AL E—DREL BB ZERRMBINT
W37 CuthAd Al OFEROR &Iz, $&
b5 Cu DRERERIAT F L E—DK T & 4hic, HREK
5 AL EOENEENEL £ Z ARG ST
EBING EHETHEETIE, WIHEIROBZAED
7% Ni, Co, SiiREAMEL D EASORMEKRIGT XL
F—EPNE U720, [EHERORNEEIEVSAE L
7zlEE IS, ZOZLERNDLZOIC, KT, 4 1
TREB U 72HHIR NioSi & (Ni, Co)2Si #r i Ok RL Sy
RO DO LRI SN S, YIRED%O 3 5
DAEEDOME NI, Co, SiREAR L. B5h7
% Table 4 1239, Zho DMK EF>AEAEH
L, 80% MifE4ER 1000°C T 5min D ALALEE %47 5
ZETCHERTETNTCCuhiCliA 872, 2oL %
DOFERRIRIETNTOAETH 60um Th -7z, 2D
% 90% IEAE U 28 #3108 L2451, wihoAsd
33 x 10M'm? TH O ERIZRDOEhEN 7. o
T, VIR OB AEIZHNT Cu D Ni, Co, SiD
AR OEOE, TEER IS U3 KA S DIRN % 0%
(Table2) 247256 FEDTIIAENWEF L 5.

Table 4 (2RI % & DAE EERILLBLH 90% IE
HEAAT 5 72 & ORI 3.3 x 10*m~2 2 Table 3 Dz
MR K DR Z &2k T ab b IOEIEE
NS ORMAE L 725 3R D 5. WehBEE L 72
LEXOHD, WL R OEEET - 72354 &

Table 3 Dislocation density p in F0%Co-90R, F0.6%Co- 90R
and F1.0%Co-90R specimens.

. P
Specimen (X10“m2)
F0%Co-90R 6.8
F0.6%Co-90R 8.4
F1.0%Co-90R 9.8

Table 4 Ni, Co and Si concentrations in the matrix of Cu
for FO%Co, F0.6%Co and F1.0%Co specimens.

Specimen Ni (at%) Co (at%) Si (at%)
F0%Co 0.80 0 0.40
F0.6%Co 0.42 0.13 0.27
F1.0%Co 0.05 0.29 0.17
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D YRR B E DS & D FARL U 22 FEERAS A Cu-Ni-P &
2L CuNiSi &&iIcsnTHE N TWS, HiliWs
TFAES 5 LHrf 2 A3 < 7 RN & 2 Tld s,
ORI S 28 & 0 BB LT B IE Sl 81 A3 <
B5HZENMEEXNS, Table 212 6n 3 L5, H
Iy % DM 1 O BB E N A8 FO%Co A 4T 0.5 x
10%m=, F0.6%Co A4 0.7 x 10®m=, F1.0%Co A4
T09x10%m> Th v, EMNEEIZZONIMNL Tk
D, ZOWEE -3/ LT3,
5 #

25% F 7213 90% M FELE & 325 ~ 525°C TORFHALER
DOMABIZ X > TER X N7z Cu-2.0wt%Ni-0.5wt%Si
(0%Co), Cu-1.4wt%Ni-0.6wt%Co-0.5wt%Si (0.6%Co), Cu-
1.0wt%Ni-1.0wt%Co-0.5wt%Si (1.0%Co) A&tk A fliH L
T, Cu-Ni-Co-Si A<EDHE & MR ~D Co DFH
AR, BoNERIIL TOX S ICEH NS,

(1) Co HHAEDEARNZ L VB X N2 BN
1, 0%Co AZ4IZIEIR X5 NigSi M it & [6] USSR D
FH RO NI, Co)Si #HTH Y, 1.0%Co A& O HHIT
1ZCo:Ni=1:2, 0.6%Co A&EHDZENTIECo: Ni=
2:5ThH-7-.

(2) 525°CTHIHARERN & 1T 90% [EAEF% , Co Effis
DL VAEIZEWATEE AE, ZAUIHIED% O Co
EREN L OVASIEENIIIPEICHTHR L TWE I &I
RTBIENTES,

(3) 525°C CHIHHZN . D 90% JFAEIZ & 1 3 FREHDA
SRR E Nz, 0.6%, 1.0% A& TIEZZOE
EEARY

(4) 525°CORNHEERNIZHE < 25% IEAEZ LT 425°CD
PRI , WIS < 90% FEAEZ L C 325°C D Hi
Wk, Co BARDLZVAEIZE, WE LEERNE L
otz 25% AT - 72354 Co R EDOHME L &
IZHRIE NG < o 7o DId, DT R s A L
RSN L 22 &2k b, ZThoiTiA, 90%
JEIE 4T 5 72856 Co B AEIIT L RDETE NG
B E 72728 Co A EOMMNIEVEE NEL Ko7z,
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