=21 9x2233)A], A264 A|535(2013)
J. of the Korean Society for Heat Treatment.
http://dx.doi.org/10.12656/jksht.2013.26.5.225

0

UR{B|Z20 [ Cu-Ni-Si-Sn-Fe-P MZsl8 SEiZAo)
SNuIs Su

Mechanical and Physical Property Changes of Cu-Ni-Si-Sn-Fe-P Copper
Alloy System According to the Heat Treatment Conditions.

Seung-ho Kim', Young-Jin Yum
School of Mechanical Engineering, University of Ulsan, Ulsan 680-749

Abstract The influence of aging treatment, addition elements and rolling reduction ratio on the microstructure,
mechanical, electrical and bendability properties of Cu-Ni-Si-P-x (x = Fe, Sn, Zn) alloys for connector material
application was investigated. SEM/EDS analysis exhibited that Ni2-Si precipitates with a size of 20~100 nm were
distributed in grains. Fe, Sn, Zn elemnets in Cu-Ni-Si-P alloy imporved the mechanical strength but it was not
favor in increasing of electrical conductivity. As higher final rolling reduction ratio, the strength and electrical con-
ductivity is increased after aging treatment, but it indicated excellent bendability. Especially, Cu-2Ni-0.4Si-0.5Sn-
0.1Fe-0.03P alloy show the tensile strength value of 700MPa and the electrical conductivity was observed to
reach a maximum of 40%IACS. It is optimal for lead frame and connector.
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Key words: Precipitation, Aging treatment, Bendability, Softening resistance

1. M

rhu

Corson(Cu-Ni-S)A| 352 AlaXEx g2
o3k Ni2Si =& P42 35 (Brass), &5
(Tough Pitch Copper)ell Y3l 33=E YER)H,
315 (Barss), 21745 (Phosphor copper) $=oll HI3]
e E7}E Zom Ydshdo] $r3ho= Qs &
HARE REEA gz dolu AYEE IT, 7]
AR B8 A2 F8Ea ATH1]. B3 Corosn
Age] a2 7158 s8Ee] FRE Fx Y ¢
A7} theFsh 7FsEAE e mE 54 wis)
£ AT e geelth2]. H2 wisA), A7)zt
& AdE R 1743}, A3}, HEske] FA
2 1 F3Fo A7t AopAaL Jler = ofof Ag-
He Te &A1Y AR BEslE a7kl 9o
o mEbA] % 5448 a7slal ATH3

n|efE AsA2kE AdE AAle AFsAke] 12153}

Corresponding author. E-mail : ksh3071@daum.net
Copyright © The Korean Society for Heat Treatment

o w2 HARE Fuio} tEe] AVHERE
o] &7Ea 9lom, E3] XS Hto] AYERE
2 A o YAshgo] 5Hs] o= k.
olo] whe} sEFel o AT F wAVHEE
548 A7 WdsHd, 8] Fol ofeE
Q7H} Fig. 12 9 Kobe Steele] 3= 7N
F g A el 2eiol) A & 5 2l
o] 7|A1A 73=7} 800 MPa 59| 53ra¢] #71d
5w OF 400 FA8RE AS E 4 Q) o]
Sl Udske BeE sk AlEES Cu-
Ni-Si o 2X el A7 |HdeAdS SAld =
ske 5402 71 de] AR, difte] E3e
2AE ARRE =9 GA1 T AT o] §F
ol AFEA ok =3 A5 P= Cu-Ni-Si Al
ae] =S FA A7) WiEel 7 A
S 2dsljorsit. wWEbA Cu 71A] el a8 o]

S P2 7 Hom AEAEeRH W EES

e

1 Hn



226 AsS

100

80O

40 [~

Electrical conductivity  (%1ASS)

20

- g2l

Spinodal decomposition alloy systems
1

GO0

Fig. 1. Roadmap of copper alloy in Kobe Steel [4].
Table 1. Chemical composition of specimens
No. Cu Ni Si P Sn Fe Zn H 31
1 96.49 1.85 0.43 0.4 - 0.83
96.55 1.75 041 0.5 - 0.79 OES
) 96.97 2 0.4 0.03 0.3 0.3 -
96.99 1.95 0.38 0.025 0.28 0.29 - OES
3 96.97 2 0.4 0.03 0.4 0.2 -
96.97 2.11 0.39 0.035 0.42 0.21 - OES
A 96.97 2 0.4 0.03 0.5 0.1 -
96.97 2.32 0.38 0.038 0.54 0.12 - OES
96.77 2 0.4 0.03 0.5 0.3 -
> 96.77 1.95 0.42 0.035 0.48 0.32 - OES
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Fig. 2. Experimental Procedure.
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Table 2. Mechanical & physical properties of selected alloy (Cu-2Ni-0.4Si-0.5Sn-0.1Fe-0.03P)

Mechanical Properties

Tensile Strength (Mpa)| Yield Strength (MPa) Elongation (%) Hardness (Vicker's) Spring Limit (MPa)
715 672 227 550
Physical Properties
Melting Point (°C) 1,046
Density (g/cm®, 20°C) 8.799
Coefficient of Thermal Expansion (25~100°C, 10 ® cm/cm - K) 15.9
Thermal Conductivity (W/m - K, 20°C) 161
Electrical Resistivit y (uQ - cm, 20°C) 4.3
Electrical Conductivity (%IACS) 40
Modulus of Elasticity (GPa) 132
Thermal Softening Temperature (°C) 550

e

Element | Wt% [ Ar%
SiK 02.78 [ 05.21

PK 02.78 [ 04.73
FeK 00.57 [ 00.54
NiK 11.30 [10.15
Cuk 79.51 | 65.97

Matrix Correction | ZAF

Fig. 10. Intermetallic Precipitates Ni-Si After Aging Treatment.

71578 e FHETERE T2 Qlof 2kl
o] 73} Be, Ni, Si, Mg, Ti, Fe, Z, Cr 52 9
27} Z71=7] o] Lt viv|eh HEShs B9
olX= Ate] o f5Gas WA, %1383
9 FRAPS 95h= e Atk "Wt FEt
o] A-gt delo] a7, 7154 el A
Ae T2 EoE 9T AL, 259 4
T 9 Hxd SEAE 7HAE e 4w A
7l 2 37 AxTleE giE o AL, FRIE
9 7l g A oplEE W, 201E
Y A5 Alofslar, Alazds), Ala7gs), At
2] 9@ #83} 2] 7|lE 52 ol8st 1w

S A oA 1dwslE Adske Blo] i
71zolH8]. B3 AE A2 A8 s
sl A 59 7FeAdo] R ook gtk 4t
H8olM A A9 B4& 7 e Alloy
No.4¥1?1 Cu-2Ni-0.4Si-0.5Sn-0.1Fe-0.03P2.2 77}
o} 7114 - )2 A Table 20 ERNICE. o
FAQ1 B4R A= 700 MPa, A7 1M EEE
40%IACS, WAshe = 550°CE RE=A] 2 77] -
WARES e 8ol 87k 24E S
e 5498 e S Bt ope} w3vke A
R gsle] AidEEel Ve SeeEt fEd
588 7 g ERiEh

Kl



232 Ae3

— NewalloyD 3nm)
—P- MAX251 C(0.3mm) -
A PMC26(0.25mm)
~@- TKLFS(025mm) -
V- NK2020.3nm) - \

4 MSP}O.Z‘imm)

Hardness (Hv)
538883883838

o
- A

0 100 200 30 400 D0 600
Temperature (°C, x30min)

Fig. 11. Comparison of Thermal Softening Resistance.
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