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Fig.1 Metallographic microstructures of as-cast Ag-28Cu-0.75Ni alloys: (a) horizontal continuous casting, (b) water-cooled copper die

casting, and (c) graphite die casting
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Table 1 Grain morphology and size of as-cast Ag-28Cu-0.75Ni alloy obtained by different processes

Casting process Grain morphology

Average grain size

Horizontal continuous casting Columnar crystal

Water-cooled copper die casting Equiaxed crystal

Graphite die casting Casting tri-crystal zone

20 pmx60 pum
10 pm
5 pm surface fine crystal+20 pm>60 um columnar crystal+
30 um equiaxed crystal
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Fig.2 Fracture morphologies of as-cast Ag-28Cu-0.75Ni alloys: (a~c) columnar crystal of 20 pmx60 um; (d~f) equiaxed crystal of 10 um;

(g~i) tri-crystal zone
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Fig.3 XRD patterns of processed (diameter 2 mm) Ag-28Cu-
0.75Ni alloy
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Fig.4 Linear fitting of Bcosfp and sinfp of Ag phase (a) and Cu phase (b) in Williamson-Hall formula

T2 Ag-28Cu-0.75Ni & %M (INIE, HER2mm) Ag H8F Cu tBRIGIE R E
Table 2 Dislocation density of Ag-28Cu-0.75Ni alloy wire (processing state, diameter 2 mm) in Ag phase and Cu phase

Grain morphology

Average grain size

Dislocation density/m™

Ag phase Cu phase

Columnar crystal 20 pm*60 um 1.78x10" 1.34x10"
Equiaxed crystal 10 um 229107 1.42x10"
Casting tri-crystal zone 5 pm surface fine crystal+20 pmx60 pm columnar crystal+30 um equiaxed crystal ~ 1.71x10" 8.02x10"
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Table 3 Micro-hardness HV,, and increase rate of as-cast

(diameter 8 mm) and processed (diameter 2 mm)
Ag-28Cu-0.75Ni alloy

. As-cast/  Deformed/ Increase
Grain morphology
x10 MPa  x10 MPa rate/%
Columnar crystal 121.3 151.7 333
Equiaxed crystal 101.2 162.5 60.6
Casting tri-crystal zone 95.8 179.8 87.7

TR AR R, O 60.6%, — il X Ag-28Cu-0.75Ni
B SR AR AR A R R, Ol 87.7%
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PLES 3 B8, 30T BRI TAs = o
s (1) FENL RS2 SRR AIR S, A7 R 98 45
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Rib Ag-28Cu-0.75Ni A &M & hr 22 n T )5 1) B4
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Je: 5 LL30 pm AL E R A XA B, AR A
P RST 0 20 pm, AR RPN, S0 W) A2 T 5 (1)
Prezn UG, FOR AR I I F AR N, 0 AR BN T
TEAGAE FG . a8l DS (| 2) al i, FHR
fi Ag-28Cu-0.75Ni & G A8 4 4 by A il 56 )= W 1 G
BG4, HIBYERRE, W R B,
FER i Ag-28Cu-0.75Ni & & #ett, HhTFHyr2nT
Je (A7 685 3 B I S BT 3 A A B AIG, DA B S
Wi LG H, R T RN TR .
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FL38E RIS

5 & Ag-28Cu-0.75Ni & &bt 1 22 in ToR
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a
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A e
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Fig.5 Drawing processing diagram of Ag-28Cu-0.75Ni alloy
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ASZI T Ag. Cu K& Ni #804 fee 4589, K
T A [ DA S VR I S A A A B[00 1Tt 1) A AT AR
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FIAEIR Y Ag-28Cu-0.75Ni & & #ekt, H & 1a SRLEL A
SR, %M A 1) SRR AR L1 L i )
FHIE, AT 80HeE 7 L% ) Brhr s i
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K 4K 3FERIES . R Ag-28Cu-0.75Ni &
SREM I TWr 22 A8 R 4 W, KRS
Ag-28Cu-0.75Ni &, ARk, ¥ ET 8
mm M HA 2N T2 HA 0.1 mm k2, 5
UM T SR R A 22 n Tk RE s X AR 0.1 mm (¥ 4
22347 400 "C/10 min AR K5, wEk—Bhr e T
A2 0.05 mm. KX 100 m UL #8402 . 1 2550
il LR = X Ag-28Cu-0.75Ni & & ¥ bt Hokign 22 in 1T
PERER 2, P BIAETAR 0.15 A1 0.21 mm I H BN Ty
25 PN 22 )5, T X IX 2 B2 #433E4T 400°C/10 min

500 Columnar crystal
Equiaxed crystal
400 F— Casting tri-crystal zone

Stress/MPa

0 20 40 60 80 100
Strain/%

Kl 6 ARPIEE. R H%E Ag-28Cu-0.75Ni & & i Hr{H
I8 g - I8 AR 1 2
Fig.6 Tensile stress-strain curves of as-cast Ag-28Cu-0.75Ni alloy

with different grain morphologies and sizes
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Table 4 Broken wire diameter of ultra-fine wire processing of Ag-28Cu-0.75Ni alloy with different grain morphologies and sizes

Grain morphology

Average grain size

Broken wire diameter/mm

Columnar crystal 20 um*60 um <0.1
Equiaxed crystal 10 pm 0.15
Casting tri-crystal zone 5 um surface fine crystal + 20 pumx60 pm columnar crystal + 30 pum equiaxed crystal 0.21
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(1) Ag-28Cu-0.75Ni 74 4N 22 ¥y Fa B3 L T 0 &2
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0.75Ni &< g 22 (1) P A de sy, o4 3.68 pQ-em, 4%

Bidh (319 pQeem) L =X (3.50 pQ-em)

Ag-28Cu-0.75Ni &4 B AN 22 5 5l $e i T 15.4% K% 5.1%.
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S st
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Columnar crystal Equiaxed crystal Tri-crystal zone
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Fig.7 Resistivity change of Ag-28Cu-0.75Ni alloy ultra-fine wires

(diameter 0.1 mm) before and after continuous annealing
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LW 22
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Effects of Grain Morphology and Size on Processing and Electrical
Properties of Ag-28Cu-0.75Ni Alloy Ultra-fine Wire

Niu Haidongl, Wu Haijunl’z, Chen Jialin?, Zuo Xiaoqingl, Zhou Yun', Liu Yi*
(1. Kunming University of Science and Technology, Kunming 650093, China)

(2. State Key Laboratory of Advance Technologies for Comprehensive Utilization of Platinum Metals, Kunming 650106, China)

Abstract: In order to explain the reason why the columnar crystal precious metal has excellent ultra-fine wire processing property and high
resistivity, three kinds of Ag-28Cu-0.75Ni alloy bars, columnar crystal of 20 pmx60 um, equiaxed crystal of 10 um, and tri-crystal zone
with surface fine crystal of 5 um + columnar crystal with length diameter ratio of around 3+core equiaxed crystal of 30 pm, were obtained
by horizontal continuous casting, water-cooled copper die casting, and graphite die casting, respectively. The effects of grain morphology
and size on the ultra-fine wire processability and resistivity of Ag-28Cu-0.75Ni alloy bars were studied. The results show that compared
with the equiaxed crystal bar and the tri-crystal zone bar, the columnar crystal bar has the lower dislocation density (Ag phase is 1.78x10"
m™, Cu phase is 1.34x10'> m™), the lowest ratio of micro-hardness change (33.3%), and no cleavage step after the tensile test; thus, it
presents the lowest work hardening rate. Besides, the axial tensile strength of as-cast columnar crystal bar is up to 384.6 MPa. Therefore,
the ultra-fine wire with the diameter of 0.05 mm and the length of 100 meters or more can be obtained by the high-efficiency continuous
drawing wire of the columnar crystal bar. The resistivity of processed and annealed Ag-28Cu-0.75Ni alloy ultra-fine wires drawn from the
columnar crystal bar is higher; after twice continuous annealing, the resistivity of columnar crystal Ag-28Cu-0.75Ni alloy ultra-fine wire is
up to 3.68 pQ-cm, which is related to the lower dislocation density and work hardening rate.

Key words: Ag-28Cu-0.75Ni alloy; grain morphology; grain size; ultra-fine wire processing; resistivity
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