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Fig.1 TEM images of cryorolled (a) and cold rolled (b)
Cu-Zn-Si alloy
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Fig.2 Microhardness changes with annealing time for Cu-Zn-Si

alloy: (a) cryorolled and (b) cold rolled
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Fig.3 TEM images of Cu-Zn-Si alloy: (a) cryorolled and

annealed and (b) cold rolled and annealed
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280 C/15h 98 1.91 656 25.7
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BRI (<50%), AH R REAF LT3 A 2w 14
45 S BOA B 70%0, 2 Fh A &Il R i B,
DR i 4B KR R RE (P 236 52 PR 45 o B g . & &
S RKBHA G RARE M EE, AR T8EEAE
s T B 45 7 AR ) G e AR R B TS AR R
I EhAS B, AT $R i A 4 0 A Ak 2 3k 15 5
M2, WA Y PR BUL R — e RN, &
& AL Ah 2 4 22 B AR A

TEIR KO FR A, BRI B N 5 2 R 1 IR DA
TG S AR TG B, T AR S B ) Fe A i 0
SHEESBENTHEAEMEN RS, B4 554
AR IR FL AR K5 2R A S AR S AR . A ST
RELE S 7= R ARGk AR g, i da BTOR,
JZ FoRER G A BPAT, HBEEZ08 10 nm, KEN
0.1~0.3 pum. TE& @M R 5] N GKEE i A n] DL 2
MBI RREE . BEFUREA, AR FLRRNE S ALT & T
TEH, BB NEE), LM, X
DL IE Bl 22 28 TR AL AN B ZE R, SR TR Y
(LR R B 2 B, TR EE A 9 AR e
IR ELHI ) & 99K 2R 4 Cu-20Zn-1.2Si A& HA &
) S5 1 i (2.68 GPa) MLz 5 % (937 MPa). & & 1E
280 CiE‘k 5h 5 M4 K 4b Frox, F45 5 E8
GrSER, ELHER A B B AR AR AR L S AR
KPR AR TS SR AL, A & R RIS R
(470 5 B (787 MPa) I I (10 48 1 5 (14.3%) . TSR
S B 7k B PR G oK 2R o B B AN o, (R LR R 2 TR D,
Xt o P AT — o TR TR K A 1 T e A
b Al DL R AL H, REAEn TR, (2
6 4 IR ) o E KGR K TR & 15 h 5 (B 4c),
Fiah S A TE R, ZH 21 BT IR T B AR R R LR R K



5 5 3 7% BRIRELEIZIRZEE Cu-Zn-Si & & 1R AT N 1343 -

K4 &efBIRRFLHI AR KEHR TEM A4
Fig.4 TEM images of Cu-Zn-Si alloy: (a) cryorolled, (b) 280 ‘C/5 h, and (c) 280 ‘C/15h

RN R, AEAR R E R, WA AR 5 AE B B A
R, NS BA 400 1 5 R

K 5K 2 Rl &4 BifE 260, 280, 300 CikE kA
7 B ) XoF 7 ) 7 7 58 JEE R i e 20 AR Ak il 2 . vT DU 3],
T I U R E 2 S A R B T e ), SR R A
BEH A SR A L SEELHA S/ EEf
RARF ORI AL 1 & 4 i B4 o P A = UL
LGSR E: FFE, fEhhia AR, HER L
1l B o P B AP 28 B iy o 3k X P 2 R 1 IR
B, FRAh s R R B TS b R AR L A
kR A, BT EE&RFEREM®E. ik, BIK
HELH A S r 4 R R S IR AL & &N, R
L BEREAR AN R, KEESN®E. 5B
Ab, B GriB K E 1 IE 6 3 A2 P4 o A AU R
P A I L 1) & 4 HL G B 2 ) A R 2 A R B B vy
B fEAERE, MHIR JOE R SRS, iy
SR AGHH F) 1 2 A R, = AL 1A A A R B K
2 LT, Cu-Zn-Si & 4 75 B AR 5L ) 38 K 1)
JEE RV 2H A s R AL IR K AR R, SRR FL
HRE K, H3E A U A 600~900 MPa, ZE{H 3%

O Cryorolled and annealed
< 900} O Cold rolled and annealed
o
=
=
S 800
c
(&}
=
wn
» 700}

‘D

<

&
600 |

8 12 16 20 24 28
Elongation/%
K5 Cu-Zn-Si & <538 K5 Hi o L HE AT A 2247 4k h 2%
Fig.5 Relationship between tensile strength and elongation for

cryorolled and cold rolled Cu-Zn-Si alloy after annealing
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Annealing Behaviors of Cu-Zn-Si Alloy with Nanotwins Prepared by Cryorolling

Qin Jia', Yang Xuyue'?, Ye Youxiong®, Zhang Xiangkai*
(1. Centre South University, Changsha 410083, China)
(2. Key Laboratory of Nonferrous Metal Materials Science and Engineering, Ministry of Education, Changsha 410083, China )

Abstract: The microstructure, mechanical properties and annealing behaviors of Cu-Zn-Si alloy subjected to cryorolling was investigated
by transmission electron microscope, tensile tests and microhardness measurement. It is found that cryorolling encourages twinning and
dislocation accumulation in Cu-Zn-Si alloy, enhancing the tensile strength and microhardness. Furthermore, cryorolling could provide
more nucleation sites for static recrystallization than cold rolling does. After annealing, cryorolled samples own excellent combination of
strength and ductility compared with cold rolled ones, due to the nanotwins generated by cryorolling and finer grains. A tensile strength of
787 MPa and an elongation to failure of 14.3% are obtained for Cu-Zn-Si alloy after cryorolling followed by annealing at 280 <C for 5 h.
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