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TEEABE G Ag-2wt.%Cu & &Nt H 8 /1%, K
ML J5 Ag-2wt. %Cu f 4 BE CutH AT H S
fEN22.1 kJ/mol. Wang % [ B3¢ 7 KA Ag-
10wt %Cu A 4 2o A4 48 ik 55 5 ) 28RN A5 ) B 2% 114
H AR AR Je HoERE, I 2 B G S T 300 °C
Ja, RAFE SR KRR, SRR
T J 752 Cu 2T 4E R T AR i Cu kL, & & 2641
F 58 B B, SHRTEE. HEL R B R Xt
[ 95 A ] 75 -T2 AR Ag-Cu & & fER JUd FEH & Cu
A XS R A ) Ak BER 25 A 4 1 BH 26 1 S frl A
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[F) Y2, JEE P B R A R B Cu M T H 5 R R s
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FH 41 FE 25 99.99% 1 J6 %4 £ 99.97% 1 HA. fig
WP R B B TR L, BT A ST, 7
HARES T4 ZR-2 BY Hp SRR S8 0 4 4 5 i B
B, HR Ag-Twt. %Cu IR 5 4. BREE&E T
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PRV H) ) RGN AL FRRE . — 350 o [ 5 A 22
P BT B A B (SS-aged alloy), 1M 75— &6
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G? 20) &G S MO IS,

3 LK R
3.1 ECutEfthizsihzE

[ 9% b FE Ag-Twt. % Cu & 4 7 N [F) in ik %
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SR AT AT SR, [ A LA EE Ag-Twt.%Cu
HEEAFMPGER FHIDSC #iZk (K 1(c) *
B, [ - FLIRAS BIFE S 7E 290 °C—330 °C 2 [H]
WAFAE— NI, XA FLE Ag-Twt. %Cu &
G E CutHIHT AT 51, I HGR R SR EE
(290 °C—330 °C) BEAK T 8] 7 Ak B JE A% b (1)
LR FE (300 °C—350 °C), XAk H A LI 28 i fE %
T 5.

FEII T il 2 TP (U RHR B (P 1) B Cu A
R AT U A ik 8 B I #Os #E (10 °C—50 °C/min)
{1038 o 1 R R RS, AR AN [ R R (R W TR
FI Kissinger #5574 [ HES 5 Cu M RIBGE B E.:

In (é) - R% +C, (1)
Horr, v RN INHGE R, T, & DSC #h £k It 1g fE i5
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TR T (1% R 05 FRESFR), RS
HEL. 1E Kissinger fl& EHLZLH, C Rm H LM
PR HE B O R—RAKI T IR N 25, HAEE T
DRI R 1 A.

% T Kissinger 1 Y 1 In(v/Tp?) 5 1000/T;,
Z RN LR 5 R, A B [ A A 3 S B B Cu A
FRIAT H S B B BE N (111 + 1.6) kJ /mol (B 1 (b));
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Fh 22 5 HH DSC AR % 2 FE S Il i (1.5
mg) 5 25 DL K A2 i 44 22 T ) A 100101 St
T A0 A 5L Ag-Twt. %Cu & &, H O
AR, AR B IUA L R, A RN [E NS -4 5L
Ag-Twt.%Cu & 41 C{H 5 7l =& 12.66 F116.81, Al
FH C BUERGEE /N, FRFLERE T - 5LFE v Cu
AT HE BT 4] -l 42 0 6 B .
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(b)
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Fig. 1. Differential scanning calorimetric curves of (a) solid-solution Ag-7wt.%Cu samples, and (c) cold-

rolled samples after water quenched with different heating rates from 10 °C/min to 50 °C/min, (b) and (d)

showing the corresponding fitting curves of (a) and (c) between ln(v/Tg) and 1000/T} based on Kissinger

equation.

3.2 fHAELER
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ToE Cutl (B2 (a)), EDS 45 5 (B 2 (b)) sk
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Ag HEARH R IAFTE =R AR E Cutl: 1) #IR
Cutl (E2(d)), 2) R~F£5100 nm FER E Cu
HH, 3) 4H/NERIR PR & Cu A1 (K 2 (e)), X LE4H
NI E Cutls Ag FARLRRFILTT -2 07 iR 22 K &
(E2(f). IR Cutlr) ™42 T & CutifE

F 1TV O R R AL R TR, & Cu i P
fIC 7 kAN E, S A4S 5 AT VA AR PR, gk
TE B S B E, 9 E Cutl TR % 32 4k 5% 1F,
DRI T A1 AR R A T AR & Cu A 7). BRIR & Cu
FHE =, JE UK G Ag B AR A7 48 725 A 55 ik
Fea, FEIS RO fi b, IXESER A RN 'S Cu TR 5
R, BEAE RO R BT, TR SR CutHIZ#T K
K, AR TR KHE Cu . HT Cuft Ag
RN DL ST 7 OB KR, § B R UK
(2.80 x 107 em?/s 1), B ERIRGYK & Cu bk
AN e K KT T Al /N 9K & Cu 4.
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JTHE  wt%
Cu 6.84
Ag  93.16

Banded Cu-phase

K2 [V - Ag-Twt.%Cu & & P s Cu MH I 30K 04

Spherical Cu-phase

(a) #AKE; (b) HAKE Ag A EDS 4 8,

(c) 450 °C I 3R MAFIRE CuAf; (d) 450 °C JEERIRE Cutll; (e) 450 °C 4KE CutHHIMIAH; (f) 450 °C 44

KE Cu AR B HUAT 5 B A

Fig. 2. Morphology and composition of SS-aged Ag-7Twt.%Cu alloy: (a) As-solid-solution, (b) EDS result
in Ag matrix; (c¢) banded Cu-rich phase, (d) spherical Cu-rich phase, (e) nano Cu-rich phase and (f) corre-
sponding electron diffraction pattern of samples aged at 450 °C.

FE B - LB Ag-Twt. %Cu & &, Agk
RS CatHITE SR A 7 U8, Bk E
Cu i Bl A 7E K EAL R (K13 (a)), 24K T %
KEM) Ag 225 & (B 3 (). 300 °C KGR KA,
IBKEE A Ag IR R ZH KK (B3 (d)). 450 °C I
ROR K G, HI Ag B R BT & Cudl RS20
100 nm (K& 3 (c)).

3.3 BEEBTRCuEAgTHERE

SRR FE AR T 350 °C I, X S 2R AfiThf R 1A
B Ag [EEAR, S0 R0RE S T 300 °C B, fAEE

Ag EVERAE Cu bl (B4 (b)). I RER S,
Cu b 1Bk S B, 15 B B8 5 B 2800 1 7 v,
Cu AT H B Wi sE 2. a7 -v4 5L - 0P i i R0 e
5] 7 B ORI (B 5). BRIk, & Cu Al
FRIHT H 5 e G AR S IR 5K

K H Jade-6.0 B A 73 1 Ag-Twt. %Cu & < £
AN [R) B 23R BE R XRD i 28 Cu i (111) i i
Cu(200) U, 3R 73 0 {8 THTAR 1 43 b, 3 1 A D A T
FUE 43 b2 MR A Cu 787 [R] I 800 5 [T HE 5
BE G DAA S SERR T & 2 B 2 Cu i &
B350 BT 158 Cu fE Ag SR i VA S . ARG,

g
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Ag-ma{rix

Ag-matrix

Annealing-twining

AR

3 [EIVE A FLKEE A 5L - Ag-Twt. %Cu &40 TEM Blg  (a) & Cut RAi45HE; (b) Ag BTEAEZE
(c) &k 450 °CHERIIE Cutl; (d) B 25300 °C HIIR K25 dh

Fig. 3. TEM micrographs of cold-rolled and cold-rolled aged Ag-7wt.% Cu alloy: (a) Cu-rich phase morphol-
ogy and dislocation cell; (b) deformation Ag-twins; (c) Cu-rich phase in aged samples at 450 °C; (d) annealing

=W
HH;

Ag twins in aged samples at 300 °C.

(a) (Ag)fll (b)
(Ag)200 (Ag)220 (Ag)200
s 760 °C 450 °C
(Cw111 Y350 °C
450 °C
‘\ }l\ (Cuj200
> >
' (Cu)111 g
8 (Cu)200 350 C 8
o A I\ S

‘ 200 <C
A (Cunit

Water quench (Cu)200
1 1 1 1 1 1 1 1 1 1
30 40 50 60 70 80 90 42 44 46 48 50 52

20/(%) 20/(%)

4 (a) BE Ag-Twt.%Cu A S 1EAF I AL B G 1) XRD 455 K (b) B 240k B2 350 ©C #1450 ©C Bf& 4R 5 1)

Cu(111) A1 Cu(200) V& 5B Ok &
Fig. 4. (a) XRD results of Ag-Twt.%Cu alloy at different ageing temperature and (b) high magnified image

of Cu (111) and Cu (200) peak at 350 °C and 450 °C.

B Cute Ag BB E B 7 B R 1 1 7 L H CufE Ag i [l ¥ FZ 45 SRt . [ WK s,
Cuft Ag JLVK K[V N 6.8wt.%, S5 TR EDS

BIY g ] v R v -2 %L Ag-Twt. % B 4 7B A RN 2%
AR 25 R 6.84wt. % A AT, BRI FE 350 °C Al

IR CufE AgBEAR N RO ENA 2 (R 1), H5HAS
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450 °C B}, CufE AgFAAk 4 1 5 5 43 Sl o 1.4%
F10.2%. & -A5LE, CufE Ag 3Lk P i &% B
N 6.4wt. %, BEAE LK G Cu fE Ag I [E %
J& 6.8% W& A%, B 250 E A 350 °C F1450 °C B, Cu
15 Ag FEAR A B[V BE 433l 72 0.8% F1 0.1%.

(Ag)111
(Ag)200 (Ag)220
N 760 °C
(Cu)111
» M_(Cup200 | 450 °C
z
2 (Cu)111
B \A (Cwz00 ) \ 350 C
A A 200 °C
}\ JL Cold rolling

30 40 50 60 70 80 90
260/(%)
&l 5 7 - L Ag-Twt. %Cu A <6 AN 8] I 240 BE T 1
XRD 455
Fig. 5. XRD results of cold-rolled Ag-Twt.%Cu alloy

at different ageing temperatures.

F1 Ag-Twt.%Cu e AR FORE T CufE Ag i
[l
Table 1. The solubility of Cu in Ag in Ag-7Twt.%Cu

alloy at different ageing temperature.

Ageing temperature  SS-aged alloy RS-aged alloy

/°C /wt.% /wt.%
No ageing treatment 6.8 6.4
200 6.6 5.9
350 1.4 0.8
450 0.2 0.1
760 5.0 1.1

3.4 EWEESHEZR

IR E A 200 °C I, Ag-Twt. %Cu & &1 H
BH 22 0% BEAIC, S G hl P mg T = (K16 (). 4R 8: Tt
I RGE S, Ag-Twt. %Cu £ 4 0 L P 2R 4k 82 BRI
SR B 4k SR O BRI B 9 400 °C—450 °C
I, B R 2 I — AT, B IA R 150 HV
HILFRFFAAS, X /N B {6 5 Sterling £2 (Ag-
Twt.%Cu) & 4 R FE A AR 18] i 250 B ks 3
450 °C I}, ARl FE 3G N T 58%, HLBHZFEAC T
30%, HikB i MA. B R & T 450 °C, HFHZ
FRURIE K, BT T &

2.8
(a)
o {160
>0 -,/\0\) %’§
5 \O \ Jua0 %
3 ~
2 24| 2
~ Q
z =
E 4120 =
gel
2 2.2 %/ / =
= §/ 1100
2.0+
—480
1.8 L L L L L L L L
0 100 200 300 400 500 600 700 800
Ageing temperature/°C
3.0 240
“s 220
2s] f
4200
g —
S 261 4180 E
G ~
< {160 &
2 244t 3
= \ {140 F
% % <
7 221 \ {120 F
= 100
e ) /'
2.0}
\ \i 150
1'8 1 1 1 1 1 1 1 1 1 60

0 100 200 300 400 500 600 700 800
Ageing temperature/°C

6 (a) EEA (b) [V -AFL Ag-Twt. %Cu B ETEAH
2SI FEE T 1) L BEL B A S Rl

Fig. 6. Resistivity and micro-hardness of Ag-Twt.%Cu
alloy at different aging temperatures: (a) SS-aged;
(b) RS-aged.

AN [F] B 2800 B %oF [ 9 -4 #L Ag-Twt. % Cu & 42
P, B 2 A0 S5 Al Bl R 1) 52 e G ] 6 (b) B s, Bl IS
R E T v, FRH FE AR A A [ - AR Ag-
Twt.%Cuf 4 (K6 (a)) Al B HELAZTE G 1 Ag-
Twt. %Cu 5 4 1) 2 WIS 2 1R AR AL R A 5 [ 34 - I 2%
Ag-Twt. %Cu 4 (K 6 (a)) AR, 8 R AR 7E FL %I
AIE BN KAH 217 HV, B B RGR &, 2l
[E—E 2 TGS

4 ATt
4.1 Ag-Twt.%CuBEhIIEEE
4.1.1 ‘g Cu#dxt Ag-Twt.%Cud 4 & [ %
SEAD
A 4 1 HBH 2R 3 S BT O AL B

P U A0 2% SO B SE L. 2 T WE T 4 SRR
WY 190 Ag-7.5wt.%Cu & 2 14 FiL BEL %6 32 0k 1 [ VA
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T Ag FEAR B Cu = A2 2% 5 50U, BRI, ARS8 32
BT Ag-Twt.%Cu &4 HIEE T Ag ZA 1 Cu
g1 A PO I P AR T HBHZ. Ag-Twt. %Cu A4
{1y L B 2 1T LR Ay [20)
P:PO+AMmf:m+W@Q{€f} (2)
K, po B EEHEPTHFHZE Apimp 2 B 5T
SRR HEILZE, xocue® CutiiEF 2%, Ap/a
AR 5] B B HBH AR A, X B Cu fE Ag H15]
EHIHLER Ap/a = 0.68 nQ-m/at.% 1]

G G AR L TH Z m] DR & 4 ik A4 o %A P
AR B E . 2 Ag HLFHZE N pag =1.559 pQ-cm,
4l Cu P poy = 1.667 pQ-cm?. Ag-Twt.%Cu
& Ag M BT 5 AR R 7 0 91.84%, & Cu
Fr 5 AR FR 5 0 8.16%, BT BA, M4 VR & i At Ag-
Twt.%Cu A EHARHFHZE po = 1.58 pQ-cm.

¢ T HICST 51 R ) HLBE F RT DLAR 98 Cu AE Ag
[ R O A b (R 2) 1 B, TT AT Ag-

Twt.%Cu A & 760 °CIIH #2 hiFE /K& H )5,
Apimp 72 0.75 pQ-cm, B Z{0R BT+ 5 450 °C, Cu
7E Ag I A E B/, BERE A pip 2 0.02 pQ-cm.

2G4 T HRELEM Ag-Twt. %Cu &4
BHE (ARG IS O, THEAE p ELSEBRIEAE pv 2, X
A RS T U B RS T SO R S A U
2 rp R P SR I T B R A A
I, CuTE Ag B4 Hh BT HE R0 A A2 52 1) r BH % 11
FEREE. BET AgH M CuiZTHZE, AmET
FEAE R 78 v b T [ B AR 3G I, 5 35 s g
K Ag-Twt.%Cu & S 5 IR oK. I 30k
FE Tt %2 300 °CHE, & CutiFFiaMT i, KT H
1 PR AR S R B T A SO R, S80E
L1 LB 2R AR, B R0 IA 3 450 °C B, Cu e
Ag 11 [ 5 5 Bz /0, 0 B ER R A B I R R R
SHER /0, BT CAG 4 ) HLBH 27T 450 °C s/, i3
— 5 T R I R EE & 500 °C—760 °C J&, & Cu
FHREHVEM T Ag 2k S8 BH 2 5573 K.

2 [EVE - RO -V L - 2 Ag-Twt. % Cu 5 IR B BEL 26 10 THSRLAE AN 2
Table 2. Calculated and measured electrical resistivities in SS-aged and RS-aged Ag-7Twt.% Cu alloys.

SS-aged alloy

Resistivity of Solubility of Cu Resistivity of Cu

Ageing temperature

Total resistivity Measured data

/o Ag matrix pg in Ag by XRD precipitate p/u-cm pat/ i
/pQ-cm (Xa,cu/at.%) Apimp /pfd-cm

No ageing 1.58 11.04 0.75 2.33 2.68
200 1.58 10.73 0.73 2.31 2.61
350 1.58 2.36 0.16 1.74 2.43
450 1.58 0.34 0.02 1.60 1.91
760 1.58 8.22 0.56 2.14 2.33

RS-aged alloy

No ageing 1.58 10.42 0.71 2.29 291
200 1.58 9.64 0.66 2.24 2.56
350 1.58 1.35 0.09 1.67 2.05
450 1.58 0.17 0.01 1.59 1.97
760 1.58 1.86 0.13 1.71 2.21

4.1.2 g CuAdsf Ag-Twt.%Cu &4 214 K AHVrotal
UEAL = HVp + AHVss

I A A B Ag-Cu 5 < O 5 A AL ) 3 0K
H T & B4 (He ) M7 9B (AH) i 5 o
e (AHgp) ML 55 46 (Hp) M 28 & E . Ag-
Twt. %Cu & 4 B FE ) LU R 29

+ (AHVE + AHVE + AHVHY™(3)

R, n W, HMERN1—2, ZBEEEER =1,
HV, 44RO RE T HAR & 48 HV 2],
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[ R R AN 7o TT LA IR A [25]

Args = G<<5) " 210|n|)3/2m, ()

X, G & AgHARRIBT IR R, ] 29.4 GPal?d §
& AR ARG B ot T Cuds T Ag Bl i 8y
D g Ar 1290, AR szt o 20 Cu JR T T Ag 5l
7 1) BY DR 5 50, AR SCRR [25, 26] THE A
AL HS = 0.0928, AF LLH (4) 2045 [ 7 5 A

NS
ATSS = 0.028G\ / Xa7(ju/3, (5)

AT 45 IR Ag-Twt. %Cu & 4 i 8 VA 58 AL
Y F /2 158 MPa, 450 °C i 205 FE R s E A2
27 MPa. T [l -4 %L Ag-Twt. % Cu & 4 H [E 75 50
A A 89 MPa, 450 °C B 25 i [l ¥ 5 AL A F
#& 20 MPa.

M7 HH 3R AR 32 E.Orowan L AT L3 7~ A 27]

Atp = Gb/(l — 2r), (6)

X, Gt Ag IR BY DI B &, S~ 29.4 GPal?]]
b2 Ag M KR &, HAE 2 0.2887 nm, r 27
FH A2, LR BT AR IR () B, [ 1Y) Ag-Twt.%Cu
& e T IR E N 450 °C/2 h IR AL EL S, 1Ay
43 21 5E 140 A135 nm, Kk, AT H SR A0 AE A 2
121 MPa. XF T [E ¥ -4 5L Ag-Twt. %Cu & 4 ik
17450 °C/2 h IR AL R fS , LR r 233 29 52 160 F1
40 nm, THESHEE AL Ag-Twt. %Cu & &M &
Cu AHHIHT H 2467 1A 21 106 MPa.
My < LI, BTSRRI N 7]
Atp = Gb\/}/r, (7)
Ao, fRNTHAHBRT 3. [E Ag-Twt.%Cu
G EAEHET 450 °C R &S, 9KIIE Cu M 4Er
21410 nm, HrHHAHIAIEE 12974 100 nm, AF03 f
218 1.7%, THEEGPKE Cu M T H SR E N
110 MPa.
A LR T LA R Ay (9]
Atyp = kup/V4d, (8)
K, d&F3¥E R RS, kap 2 2 R0 A 4L
kup = 0.15 MPa. H-FIRATHMH A bk RSP AR K
(>200 pm), BrAésFtaEi 15 HV.
Hull Al Bacon 28 7 37 7 [0 37 J7 454 (fee)
B R Ak A 28
Ay = BGbVN, (9)

X, BRWH, W T fec 55HM4E)E, B=02, G
RHYIE, bMIRKE, N EMHEEE.
KRR35 E N Al AR R R 2

vo3( e Y el (10)
C m\0.244b) T b2’

KA, e RTUMBIAE b2 KR E. & & A% i
ARRIALEE 511, BT DS I AT S U ) 2 e I B RO
g [29]

Enkicos  2sinf

= 11
. =, (1)

o Enkicos@ 2sind

A, e /2 3 3 IR AR IR, 0

& Ag AT S U ) (Rkl) THI X B () AT 55 £, A Sk 4%
Ag FTHFIER) (111) AT (200) fiTSFHIOATE A, AR\
S X LRI A = 0.15405 nm.

For, &g 2 BT RLAR 5] 1 P 5 0 B AR AL,
A LR IR A 9]

ghkl = \/gl%kl,m - 5;21;%07 (12)

IO, Eor o e R0 TR 50 107 S0 068 1) (kL) T £ 2
WEFE, Eppro RARE Ag AT ERT (RKL) THI (4 2 ey
B, PEAL AR Ag e HY 99.99% f HLfR 4l Ag NS
HRL AR SEEG R 43 A R 23 BT AR B XRD il 2R 11
(111) A1 (200) F7 55 T R 2 155 U8 BE E o, 517 (12)
A TR (111) A1 (200) 47 55 1 PR 28 51 5 1)
e v U 8 AN Epg.

R4 (10) X —(12) 20H 50 [ A -2 4L 5 Ag-
Twt.%Cu & & PO AR e /& 1.025 x 1072, Argh
HFEN2.03 x 1010 /m?, 450 °C K22 h 5 oW B
AP e At 4.62 x 1073, (A% N 5.02 x 101° /m?, i
PE B H 3 - YA 5L Ag-Twt. % Cu £ 4 I AL S 5L
4241 MPa, 450 °C I 22 hj& A7 85 A AE oy
120 MPa. X[ -B 20 Ag-Twt. %Cu & 4, FH
BA AT, BT AL A5 JEAR AN, AL essmA /e AR /D,
T AAS G A 4 51 S (i A b A

[ ¥ -4 5L Ag-Twt. % Cu & & 30U 1 2 g
JEA A 3 5 AR AT A 4 1R AR B ANE]. B
5 I S50 FEE PR B o, 9 A LA Y S e —
HE FREEE (6 (b)), BeRNAILER G4
PRI T2 FSCOK B r 8 AN T AR 2 it A R 28 B v 4
SRR AR 23
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T3 [V - ORI 7 A FL - Ag-Twt. %o Cu £ 445 9 FE v BB A 24
Table 3. Calculated and measured strength in quench-aged and quench-rolled-aged Ag-7 wt.%Cu alloy.

SS-aged alloy

temp:rg;izfe/o o HVO/HV  Amss/MPa  Am/MPa  Amp/MPa  AHVr/HV — AHVa/HV
No ageing 48 158 — — 95.4 95.3
450 48 27 231 — 125.4 150
RS-aged alloy
No ageing 48 89 — 241 147 217
450 48 20 106 120 121 105

¥F: 1 HV = 1 MPax3/10; AHVr, total microhardness by calculation; AH V), measured microhardness.

F3HIH T EEAHLEINT Ag-Twt. %Cu A 4
AR TR, FHER 3 AT, T EVE Ag-Twt.%Cu
Gk, FEEEAER 2 FHEK. 450 °CHf 22 h
J&, [ SRR F BEAR, & CuAH IO AT SR A0 1
HESIEM. 4R IHEESNEEEA KL
s A FEE-A 5 Ag-Twt.%Cu & 4, A5G
R B R A R AR L, b A
AINT AR, 2R RNIEE G Ag-Twt. %Cu & &
FEAR KB AR AR g, S O R RE A DT R
BB 5L Ag-Twt. %Cu & 4450 °CH &5, — 7T
T E CutE i st dAE FH, 55— 7T B TR
KR AELE 72 AR R AR A 15 A R
Wik AR K, Rk i Kb R R T SRR L)
=K.

ARG, TEROR AL, 045 % 28 7
=, BB ROK B Ag B 28 &, AL 4 5840 F0 28 o
b = F R AE R, 6 &0 A B 5 K. 200 °C
I 2T, TR AR BRI R, AL R 4R 8 TR
Ji, 5 EORE P W AR AL IR BE IR B 300 °C I, A R
TREEI160 HV, &1 i T BE A 40 EE
112 HV. fEHEE T, & Ca R ER L EH 5
AL 5 A A FH DL B 28 O s A A 9D BN 4 R
FFEH v BB . I R B T AR 450 °C Y, AE
TREE] 105 HV, KT Uil B [ 9 B 4 110 b {8
150 HV, —J7 11X & KO A #8149 es, —
JrTHEF Y 450 °C B, 28 5 R B E 3K 48 ok
A AE IR B ek 55, X P 77 1T VR F S SO 2 T
B, 25 TH i i AR 28 500 °C—1760 °C, & Cu
FHIF LR BBV T Ag Je Ak rh, FLOREORALAE F & B

WSS, BEE SO R AT
®

1) [E % Ag-Twt. %Cu & & 7E R 8O 2 & Cu
FHE Ag FEAR T HY IR D9 300 °C—350 °C, #r
HOBOE BEON (111 £ 1.6) kJ/mol; 1M 76 [ i -4 5L
Ag-Twt.%Cu& e, B TIRERMAFLE, & Cu
FHERIAT H IR FE D 290 °C—330 °C, #T H S fig A
(128 £ 12) kJ/mol.

2) X F [ Ag-Twt. % Cu & 4, b I 305
PRI, FEA &b s CutliZ#it i, BT A4 4&
R FEL A 2, RN & CuAH BT H oAk 1 A 75 2
T v, FE B 280 2 2 450 °C, & Cu A FIAT H X
e R 1k B e KAH.

3) X F [ 7 -4 %L Ag-Twt. %Cu & 4, & Cufl
(BT H AT 2 5 0 FL BEL 2 1) = B2 TR 3R, T A 6 A T
72 R S T S AT R 11 R 3R

TR 3 [ [ % S 52 00 % Han Ke L7888 S0 H
AT T 4 T 10 R, R 35 [ [ ORI S E
Niu Rongmei 855 5% S48 E (1R RIA

=

SE
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Abstract

Ag-Cu alloys are used as both decorative materials because of beautiful appearance, and conductors due to excellent
combinations of strength and electrical conductivity. The strength and electrical conductivity of Ag-Cu alloy are closely
related to precipitation behavior of Cu-rich phase in Ag matrix. The morphology, size and volume fraction of Cu-
rich phase have been highly concerned. In this work, a series of aging temperatures is used in both supersaturated
solid-solution and cold-rolled Ag-7wt.%Cu samples to investigate the relationship between the precipitation behavior of
Cu-rich phase and property by using differential scanning calorimetry (DSC), transmission electron microscopy (TEM),
X-ray diffraction (XRD) analysis, and properties measurements (hardness and resistivity). The DSC results of as-solid-
solution Ag-7Twt.%Cu alloy show a distinct exothermic precipitation reaction of Cu out of Ag matrix ranging from 300 °C
to 350 °C, and the activation energy is estimated to be (111 & 1.6) kJ/mol according to Kissinger equation. Because
of the existence of deformation energy, the DSC results of cold-rolled Ag-7wt.%Cu sample show a distinct exothermic
precipitation reaction of Cu from Ag matrix between 290 °C and 330 °C, and the activation energy is (128 £12) kJ/mol.
XRD analysis indicates that the dissolved Cu in Ag is dependent on ageing temperature, and the change of solubility
of Cu in Ag is calculated by XRD curve. Microstructural analysis demonstrates that spherical Cu-rich phases are
precipitated from Ag-matrix at 450 °C in both solid-solution and cold-rolled Ag-7Twt.%Cu alloys. Moreover, the banded
structure of Cu-rich phase is found in the solid-solution sample after being aged at 450 °C. The deformation twinning
Ag is found in the cold-rolled sample. The precipitation and dissolution of Cu-rich phase in Ag matrix play important
roles in the resistivity and microhardness. With ageing temperature increasing (ageing temperatures range from 200 to
450 °C), the electrical resistivity of as-solid-solution aged sample decreases and the microhardness increases, however,
both electrical resistivity and microhardness of as-cold-rolled aged sample decrease. With ageing temperature increasing
further (over 450 °C), the electrical resistivity increases and the microhardness decreases in both aged samples. Because
of the formations of dislocation and deformation twinning Ag, the microhardness of cold-rolled sample reaches to 217 HV,
which is higher than that of solid-solution sample. Strengthening and electrical resistivity models are built based on the
microstructural characterization and concentration contributions. These theoretical predictions are in good agreement
with experimental values. Our model demonstrates that the precipitation and dissloution of Cu in Ag significantly affect
the electrical conductivity, and dislocation and deformation twinning play important roles in microhardess in Ag-Cu
alloy. This work clarifies the influencing mechanism of different microstructures on the microhardness and resistivity of

Ag-Cu alloy.

Keywords: Ag-Cu alloy, microstructure, resistivity, microhardness
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