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Fig. 1 Process flow diagram for preparation of Cu-Ni-Sn-P

alloy strip
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Table 1 Chemical composition of C19040 alloy

GaTTE Ni Sn Zn P Cu
AR EU%  0.7~09  1.0~2.0 0~0.8  0.02~0.09 AiE

&2 AEMESH Cu-Ni-Sn-PEE
Table 2 Different chemical compositions of Cu-Ni-Sn-P

alloy ( %, mass fraction )

HHITHR Ni Sn p Cu

Snl.2 44 0.75 12 0.08 At
Snl.5/Ni0.75 &4 0.75 1.5 0.08 A
Snl.8 44 0.75 1.8 0.08 At
Ni0.85 44 0.85 1.5 0.08 PN
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Fig. 2 Surface distribution of Sn and Ni on finished strip samples with different Sn mass fractions:

(a)1.2%; (b) 1.5%; (¢) 1.8%

#£3 A FESn/RESHH Cu-Ni-Sn-P K @I /1 E R
Table 3 Mechanical properties of Cu-Ni-Sn-P alloys with
different Sn mass fractions

SnJREM /% YERFERE(HY)  FiRisR)E /MPa SEMHR /%

1.8 181+ 1 576 +4 3.8+0.1
1.5 171+3 557+5 43+0.2
1.2 1583 523+3 45+0.2
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Table 4 Softening resistance and thermal contraction

rate of Cu-Ni-Sn-P alloys with different Sn mass

fractions
Sn iU 5280/ % HLALRERE (HV) AT 2 1%
1.8 1512 0.010+£0
1.5 130+ 1 0.006 + 0.001
1.2 107 £3 0.002+£0
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K3 Cu-Ni-Sn-P& 45 “AHMIFRMEE R : () J5EL; (b)Sn; (¢)Ni; (d)Cu
Fig. 3 Secondary phase surface scanning results of Cu-Ni-Sn-P alloy: (a) Original image; (b)Sn; (¢) Ni; (d) Cu

El 4 A Ni 05T Cu-Ni-Sn-P &4 B i 4%
Fig. 4 Scanning results of Cu-Ni-Sn-P strip samples with different Ni mass fractions: (a)0.75%; (b) 0.85%

x5 BE4RHBPE_MAETEEFALL
Table 5 Atomic proportions in the second phase for

different positions in Fig.4 ( %, auto fraction )

S ARDT A Ni Sn p Cu
11.42 0.58 5.23 82.95
2 10.13 0.53 4.72 84.62
3 10.6 0.47 4.93 83.84
4 10.96 0.54 4.98 83.57

*®6 ARENiRESHEH Cu-Ni-Sn-PEEEEERE
Table 6 Comprehensive properties of Cu-Ni-Sn-P alloy

with different Ni mass fractions

NFR B WHORRES GEMRS Mg Do
5 i
I3%0% (HV)  MPa % % )

0.75 172+1 558+3 43+02 0.006+0 130 +2
0.85 174+2  565+3 43+0.1 0.006+0 141+3

AL AERHLASF FAT FLAT A A2 3l , DD A T K, A
M4 1% A 4 P BE

22 6 2} P FPAS 7] Ni J5t £ 43 5 1) Cu-Ni-Sn-P &
Gl M EE A TR RE . NiJBE 43 5 h 0.75% 34 Jin &2
0.85% Bt , A JE FPL L5 B WA T, 4E i R A

P s AR AN, A B I R,
130HV 3 /il 2 141HV, Cu-Ni-Sn-P & 4x Ni i & 43
B 0.75% 411 % 0.85% I, NigG &R i 050 &
IREERL/N, RS TPERESZ A K, (HNiJCE BTt 7

B mAe e il T 2 Ni-PSE A1, F B E N
45



Total 197

ook TR

197 1)

A E PR GE

X Cu-Ni-Sn-P & 41 &, 24 Ni Bt - 80k
0.75% . SnJCE i it 43 B 1.2% 35 0 2 1.8% i,
o F A AL B PE L, Y Sn it 43 50 1.2% 1)
2B A XE LI 5 I A SRR ) 2 R 2K
£ Cu-Ni-Sn-P & &85 FeH, Sn TR AEEIRATIY
L, Sn BT SR 4508 = AT ™ B, %A SRR
PR I A v A R B AR, R Sn B 434K
R S SRR G, 2 Sn BT i A BN 1.8% B, #A
W4 A A TR B 5 R HE SR 2K [ FR{H 0.011%,
MELAWE RS A R . 2 Sn TR T 4 AU
1.5% B}, A RS FE X LA 2 5 | R AE 22 132HV 1
LR, (AT A B NG T A AR v b A A B
BE, Ni 5t 43 B 38 4 45 K5 2 100~300 nm ()
Ni-PE5 MG 22, MR S5 & 4 BT P B
24 Sn TR 1.5% 5, Ni 20 B0 0.75% 3
% 0.85%, %A U RE AT % 1411V,
RE A | ZHEZE XL R AL BRI LK

h T TR sH 5 LR AE SRR Sy | Bk
BE I 48 K Y 3R, Cu-Ni-Sn-PE5 46K Sn 5
Ni Jo 5 50 003 900 A 1.5% F10.85% e fd:, LIz &
SRR 1740V, PLhiskE R 565 MPa, LEff15 )
4.3%, HAALRERE K 141HV, $Ul4E %4 0.006%,
AT BB AT RE T 2 5 | ZEHE QPR 2K
3 % #®

T A X6 7K P 3 B B B R AT 2 VR FL AR K
J& il % T AN TR Sn BT 43 £ Ni J i 43 20 Cu-
Ni-Sn-P & 4 iy b1, 58T Sn FINi G i i
IR IZ A A 8L SR kRE . Bri bk RE
A ERE M RZ I, 2R DU S5 8

1) 7€ Cu-Ni-Sn-P & & iU il M h, Snot R
BLPLEE B A TR h, MiNio R 2%
FE B NiLP 55 A ;

2) #£ Cu-Ni-Sn-P & 4 Bt A4, Sn BT 2 4y
B 1.2% 3480 22 1.8% i, i By 158HV 34 i &
181HV, L5 B 1 523 MPa 425 & 576 MPa, Jt
AL E BE B 107HV 3 0 2= 151HV, #4048 % |
0.002% ¥4 1122 0.010%;

3) 1E Cu-Ni-Sn-P & 4 B a4 M 1, NiJG &R H
0.75% F+15 %2 0.85% I, 100~300 nm [ Ni-P %5 — 4
46

o B3 L %G 4 PTEb il B i 1300V 1
JnZE 141HV,

SELH -

(1] ZEMEt, SR, 250, % G iR g | S AL T4 &
SWFFEIUR (1], 40 TR, 2024(3); 131-144.

(2] SK3CH, B &, W/NE. D20 e 5 1L 5 | S AE A
LA MBI [T]. A s pkS TR, 2020,
41(3): 1-6.

(3] BRSCH, LAl 4RNHL I 5 i | 2 AR AR A, 14
PRPRIFTEBERE (1], BOEHR, 2002, 16(7): 29-30.

(4] REMS, REM, E2A, 5. b Cu-Ni-Si G
G N IR S AT AR ST ()] R s el B G
4, 2023, 43(9): 1230-1234.

[5] X%, R, K4, 5. SR Cu-Ni-Si R G &
FEIVIR B R SRt [T]. 8l T/, 2024(3): 152-
162.

(6] k3%, w U, JrBefH, 4%, Cu-Ni-Sify 4 b R i 1
LRBA R A0 [T]. Al TR, 2023(2): 92-100.

(7] 3K3E, X175, FREUK. Cu-Ni-Sid 4o st A ™
PERBSZ I R Z A5 [T ], ik TR, 2022(3): 10-13.

[8] HANSZ, JEONGIS, RYU B, et al. Enhanced strength
of Cu-Ni-Si alloy via heterogeneous nucleation at grain
boundaries during homogenization [J]. Materials
Characterization, 2024, 215; 114198.

(9] XM, Zenide, BRmig, 4. 52 7% 24 5T Cu-Cr-Zr-Ni-
Si-Co-Zn & 4 I RT3 Jy 2 W58 [T, f ik T2,
2024(5): 1-10.

[10] KM, JAZHr, Ak, 5. ECAP RO FIXTd %
M Cu-Cr-Zr 45 AT Pl PE BRI B2 A [T ). o L2,
2021, 50(23): 11-16.

[11] SEG, Sk, BREE. B HIRT Cu-Cr-Zr G4
HAUGPEREMEm (1], &R#AbaE, 2022, 47(1):
163-166.

[12] SONG Y L, WANG G C, NI JJ, et al. First-principles
study on the structural, mechanical and thermodynamic
properties of Cu-Cr-Zr alloy [J]. Physica B: Condensed
Matter, 2024, 685: 416029.

[13] ey, i, mHns, . ek wss i Cu-
Cr-Zr-Si 5 AUV RE [J]. ik T/, 2023(5):
1-9.

[14] BEF, @, ml, % . B Cu-Fe-P & 441
SURPERERIBIEST [J]. FeRhi5 s oA 44, 2007,



AN Cu-Ni-Sn-P A4 Sn I Ni T02 0 =45 A MR i 52 2026445 11

27(12): 975-978, 902. 4%, 2024, 34(9): 2955-2965.

[15] BAKE, FRUES, HFEF. AgXf C19210 G4 M1y [19] BRI, 3K, Cu-Ni-Sn-P& A PRI (1],
WORAH LR PERE Y2 [J]. 4l T/, 2023(3): Hil T, 2019(3): 12-15.
64-69. [20] feHfR, T, Brak, 5. 641K Cu-Ni-Sn-P &

[16] ZENGDL, QIUY T, YI'Y L, et al. Effect of current SrHL MR [J]. &RMAIE, 2022, 47(9):
on the tribological behavior of Cu-Fe-P immiscible 164-170.
alloy produced by laser powder bed fusion [J]. Wear, [21] RE43{R. Cu-Ni-Sn-P(-Si) & 4 B4 14 5 e 41 4L i
2024, 558: 205591. WFFE [D]. M . TLPHET R, 2022,

[17] BRI, 58, 2655 . RSB0 TE R & A K [22] E#ME, S, K, & G KT EGR
- IR B S VEBE A RZ I [T ], ARl AL HE 2 S AT B XS EL R e [T, AR TR, 2025,
e, 2024, 45(12): 121-129. 53(3): 70-82.

(18] MRaEFE, xlig, ®4&w, 5. W4l -R AR Cu-7.55n- [23] HYES. B WKV & H RN IRHLAN I S F
0.1PHF AT ZH LU Sy 2R s [J]. o EA (4 )8 TRBT RIS (D). il fedeFE TR, 2024.

Optimization of Sn and Ni on Comprehensive Properties of Cu-Ni-Sn-P Alloy

ZHAO Jiuhui, LIU Yufei, LIU Chengyi
(Jiangxi Copper Strip and Foil Corporation Limited, Nanchang 330096, China)

Abstract: In this study, Cu-Ni-Sn-P (C19040) alloy strip materials with different compositions were prepared by horizontal continuous
casting followed by multiple cold rolling and heat treatment processes. Effects of Sn and Ni mass fraction variations on the mechanical
properties, softening resistance, and thermal contraction of Cu-Ni-Sn-P alloy strip materials were investigated. Results indicated that
an increase in Sn mass fraction enhanced mechanical properties and softening resistance of Cu-Ni-Sn-P alloy through solid solution
strengthening. However, excessive Sn mass fraction exacerbated Sn segregation, which worsened the thermal contraction behavior.
An increase in Ni mass fraction promoted the formation of more Ni-P precipitates, significantly improving the softening resistance.
When mass fraction of Sn was 1.5% and that of Ni was 0.85%, the alloy exhibited superior comprehensive properties, with a hardness
of 174HV, tensile strength of 565 MPa, elongation of 4.3%, thermal contraction rate of 0.006%, and softening resistance hardness of
141HV. These properties met the requirements for lead frame materials.

Key words: Cu-Ni-Sn-P alloy; mechanical property; softening resistance; thermal contraction rate; comprehensive property
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