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Effects of Heat Treatment on Microstructure and Properties of Mechanical
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Abstract: Cu-25Ag alloys fabricated by high-energy ball milling mechanical alloying were annealed at various tem-
peratures in the range of 100~700 ‘C, and the evolution of microstructure and performance with heat-treatment
temperatures was investigated. The results indicate that Ag can be supersaturated and soluted in Cu matrix by
high-energy ball milling. When the ratio of ball to material is 10 # 1, the grain size of Cu reaches the minimum of
4.73 nm and the solid solubility of Ag increase to 16.41%. Heat treatment can reduce the porosity of Cu-25Ag al-
loy, and Ag in solution is precipitated as Ag-rich phase, which is coarsened with annealled temperature increas-
ing. With the increase of heat-treatment temperature, the hardness of alloy is firstly increased and then decreased
monotonously, and the resistance is decreased sharply and then remain stable. The hardness of the alloy reaches
the peak value of 215.39 HV at heat-treatment temperature of 150 ‘C, and the resistivity reaches the minimun at
450 C.
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Fig.1 XRD patterns of Cu-25Ag alloy fabricated with different

ball to material ratios
50.38°.74.10° J% 89.78 ik i & ¥ T Cu By (111),
(200), (220) 1 (311) & 1H Y F¢ AiE 0, #E 20 R 38.12°,
64.52°.77.10° J% S81.72°Mftim i B H B T Ag i (111) .
(2200 (311) Je (222) @ ThI B AP AE G . 24 BROBL LG B hn 22
10+ 1 #0015 = 1 W, Ag BYFFAE AT 2% 2 W BROR L Y 3
T v T EEEK 50 R Z ] A AR LR A AR A0 BT S
PESE N FE 43 . 45 Ag BE% 47 b B % T Cu J{k
AHEC T EORLEE O 5 ¢ 1 20T 1alAE 0 A3 569 0, 30K LG 19
8 Jan e A5 AT S 0 ) 5 R AR EL WD S S Ak L 10 B R BE K
AR A S R I Aok SRR AR T Al Ak, i AR R B 1
I IFAEAEN RS . CYERORL L — 2P & 15 ¢ 1 B Al
iy RS O N = [ 5 o £ o N T A L = <)
A7 A6 235 ) R AR A T AN P i BORE L 1T B 1R 5 A0 S 06 ) 7
B AR X RS, RIS B A R Bk A T R
M ¥E Scherrer A3 .

D =k /(Bcosl) (D
KD R foki RS s nm; B Sy S DN A A3 S 0 114 2 15
Fi TR AL IR E s rad;s B & Scherrer #8040 X HH4k
Pk s H 0.154 056 nm; @ N ATHAENTH A (O o XA
BROBHEE 250 R S Cu-25Ag &4 Cu dihr R i
PPV IR 4 A = 2 W e 0 23S Cu 1 g 8
K ke Ag 7E Cu JEfA b iy [E 5

Zasinzﬁ =A Zaz +CZaé\

Dlosintd =A D ad +C D)6

X, e =h" + &+ 17, WBEFEECE F 1 0 =10
sin®20 (1/sind +1/0) sBESL R sk AC {H, &
MEE a \TERRHa =[1/UA]* . B4 Cu K4l
Ag I Sk 5 504 B 0.361 50 1 0.408 62 nm ., i i 11
SR BERREE AT Cu fiy (A 5 A6 8022 (0 5 A BRE 1 4l
Cu gl Ag fhUR S 8 802208 4 18] 0 LU B, iF 1fi 75 21
Ag 7E Cu JLAR b i [ 5

B A AR R ST L A B B A R L 1,
Cu (1 foR R H 7R 3% — 20 72 v 45 3 B 2 404k, 76 3Rk} HE
D910 = 1 Cu SR RT IR B R /N, 2 4.73 nm, 3RO

375

(2)



A/\

iR B 3 A

2023 4F4H 43 B4 3

Pefgm 2 15« 1 mF Cu B9 foR ROF B i3 R 2 5,13
nm, ARG G A6 P ERORE HE 4 v — 23 80N R RE
ROF AH AR BRORE U 3K 31— R B I BT 7 A Y b o BE
£1 TEKBL Cu-25A¢ EEHRERRT . EREHRERE
Tab.1 Grain size, lattice constant and solid solubility of

Cu-25Ag alloy with different ball to material ratios

BRI Ak RoF (Cw) /nm fm 4 H A/ nm [& 7 1/ %
5:1 9.5 0.362 08 1.23
1031 4.73 0.369 23 16.41
1531 5.13 0.370 52 17.51
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Fig.2 Microstructure of Cu-25Ag alloy with various heat-treatment temperatures in the range of 100~350 C
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Fig.3 Microstructure of Cu-25Ag alloy with various heat-treatment temperatures in the range of 450~700 C
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Fig.4 Dimension distribution of Ag phase precipitated under

different heat treatment temperatures
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Fig.6 Hardness of Cu-25Ag alloy under different heat

treatment temperatures

w0 B 4 B R B 2y B Be 4% TR RE B T v B R A R ) 0
R ST SRR BRE B2 M A R P AR 2
(4 FLBR 5 BB o 52 e 4 20 00 7 B2 1k L O 4 ) i L ) 4
o SR RR G AL . AL PR i B S Be 4t I I T
U /N » b8 45 TRRE 1) B088 PR3 8 N I 7 080/ [ s oK
UL S T ) 45 G s L S AR AT R RE T, (A2
TR — A4 [ 0 O 2R R AR T B [ SR Ak
RO 55« R B ] 52 55 P 45 o R b R R S T
0 IR AL P RO A R R X AS AR T 4L 4Lk
FEXFE o & BURE B 1) KR T B £ B o 0 0 0 [ 1 Ag
TR Ag ML R, & Ag A SR AL HL ]
55y A ) BE A G o [ B R ) B A R A R R
(LB 5 FAAL IR B Tt s Ag ARDRLAL B BE 3 K, &
G 1B B 2 B AR X TR R IR B 700 C IR R L R B AR
ifA .

AN TF Ak B BE R Cu-25Ag & 4 BH 2 L E 7,
AU #84h BH S A BH S 2 A R A B RE 3 O
/N o LB TR EE 0 T A 4 1 PR BEL 38 2 R R R T S AE
— A R B P R R A AR 11 R BH R KT . A A B R
£ 450 C i A BH 385K B ARAE 1 100 CHF Ay 1.38X

377



Fefp i oA (05 &

2023 4F4H 43 B4 3

1077 Q« m BEIEE 0.46 X107 Q « m, 7E A3 72
o Ag BIBTHBEAR T Cu SRR HL R, R BF & 4
Ar R K Al PR X B E L A BELAS AR R DR A
HLBHLREAIG . 76 450 CHFREE 1 Ag © & 40 B i s HL B
Rk B e I . IR R — LT S8 Ag 7E Cu
BN Y 0 BE L R AN R T Ag 19 58 43 B . AR T
I E Ag AL R R 2 FEAR AL BEL . A T Ag [
Vs T P, BEL 8 552 T K o PR O 08 95 0 B ok e 5 P BELAE O
A A P URER AR 2 VR PR RE L B I T HIBL

Gl & Cu-Ag & 4 09 810 4 4 21 B2 1 2
350~450 C,

08

BB PALZE/(x107 Qam)

0.6 |

04 F

100 200 300 400 500 600 700
IR/ C

BA7 REAMESEET Cu25Ag A4 6w R
Fig.7 Resistivity of Cu-25Ag alloy under different

treatment temperatures
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