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Fig. 1 Optical micrographs of Cu alloys annealed at 490 C
for 50 min: (a) Cu-20Zn alloy; (b) Cu-20Zn-1.2Si
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Fig.2 TEM images of Cu-20Zn alloy((a), (b)) and Cu-20Zn-1.2Si((c), (d)): (a), (c) Rolling plane; (b), (d) Longitudinal plane
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Fig. 3 XRD patterns of Cu alloys: (a) Cu-20Zn-1.2Si; (b)
Cu-20Zn
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Table 1 Dislocation density p and twin density / of Cu alloys

Stacking fault ~ Dislocation .
Sample energy/ density/ deggtm Y
(mJ-m ?) (10%m?) s
Cu-20Zn 18 5.26 0.21
Cu-20Zn-1.2Si 9 7.41 0.43
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Fig. 4 Engineering stress—strain curves of Cu alloys with

different rolling strains
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Fig. 5 Hardness curves of Cu alloys annealed at different

temperatures for 1 h
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SERIRRLR T 14 pme [, LI T A i)
S KK RL(3~4 um), WK 6(a)fi(c)iin. XL
Kl 5 1 Cu-20Zn & 4R KA 3 AP BU RS A T
FErf gl ot —20r. Mtk 2 F, Cu-20Zn-1.2Si &4+
(1852 RS 23 A1 PR S B4 50 A /s HLBA S 2 R I
Wi, HAPE SRR ST 1.1 pm, 20 6(b)FI(d) BT .
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Bl 6 Cu-20Zn 7341 Cu-20Zn-1.2Si 7543 300 CHI 340 CIE-K 1 h UGC BRI SRR 40 A [
Fig. 6 Unique grain color map((a), (b)) and grain size distributions((c), (d)) of different alloys: (a), (c) Cu-20Zn alloy annealed at
300 C for 1 h; (b), (d) Cu-20Zn-1.2Si alloy annealed at 340 ‘C for 1 h
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(91.1%). I Cu-20Zn-1.2Si &4 FF 45 fhid FE AT
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Kl 8 Fizn Al Cu-20Zn-1.2Si &4 300 ‘CiBk 1 h ¥
TEM & itk P tH I T i AR S RAH P AT IR K
A5 fh . Cu-20Zn Al Cu-20Zn-1.2Si &4+ 23 1B K25
FBY N 31.8% F 42.6%. B K285 K 9K S
1053 BRI SR i SR I R RE G B R, )2
B REAE IR KR R AR AL Y Rk, R
RERIKIY Cu-20Zn-1.2Si A4 IB KGR HIL T
EIPER N TN [ S =R Gl R (0 T
Cu-20Zn 541,

B8 Cu-20Zn-1.2Si 54300 ‘CiE/K 1h [ TEM 4
Fig. 8 TEM image of Cu-20Zn-1.2Si alloy annealed at
300 C forlh
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B 7 Cu-20Zn 758H1 Cu-20Zn-1.2Si 7542 300 “CHI 340 “CIEK 1 h I 25041
Fig. 7 Misorientation angles distributions of different alloys: (a) Cu-Zn alloy annealed at 300 C for 1 h; (b) Cu-Zn-1.2Si alloy
annealed at 340 C for 1 h
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B9 Cu-20Zn A543 300 ‘CAHI Cu-20Zn-1.2Si &4: 340 ‘CiEB-K 1 h 1 KAM [
Fig. 9 Kernel average misorientation map of Cu-20Zn alloy annealed at 300 ‘C for 1 h(a) and Cu-20Zn-1.2Si alloy annealed at

340 C for 1 h(b)
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Table 2 Kernel average misorientation distributions, dislocation density and stored energy of Cu alloys

Samol KAM distribution Average Dislocation Stored
ample
P 0-1° 19—p0 Do_30 30_go 4050 KAM/(°) density/m > energy /(J.g ")
Cu-20Zn (300 °C, 1h) 0.862 0.118  0.015  0.003 0.02 0.249 626X 10"  2.86X10°
Cu-20Zn-1.2Si (340 ‘C,1h)  0.983 0.015  0.001 0 0 0.203 511x10"  233x10°

JISERFEAZ G i 2, AE A3 FLT45 dh Aok R 58
A1/, T L2 R AR K 2 i A 4 BHLAS R K
KBTS0 K2 T A g AR 4E 1Y) HAGBs FLii
REAS— R, IR K2R g R E R i . &
A6 % BELAS 8 3 (003 % T BELAS dth g 1 BT, itk
Ak, A Cu-20Zn-1.2Si &4 BATH K45 5 0K )
J75 KB BEAE P45 BB BOR I 71, LR Kok
B BERIfE BT Cu-20Zn A 4211, 7SR RB B
IRBH F18 /N e WeAh, HE BT B 5 PRLAS  FUE R
IR A BE LRI Cu-20Zn-1.2S1 & 4 45 b ki R
SR ImAn NS

K 10(a)fTr &y Cu-20Zn F1 Cu-20Zn-1.2Si &4 4F
AR KA R Y R AR 4. A 10(a)r LA
B, B ZEAZAENGEON, JER R
Cu-20Zn-1.2Si & £ M HTHr 50 5 EE L Cu-20Zn & 411 5
i 100~300 MPa. & 10(b) 7=k PIFI& 43 51K

% (Uniform elongation, UE) 5 $T $ 5% J& (Ultimate
tensile strength, UTS) X R M2k, WTLLEH: fEPidog
JEAHTF 15 48 K, Cu-20Zn-1.2Si #4411 UE Z Lk
Cu-20Zn H4@M M 2%~15%. Cu-20Zn-1.2Si &4
S JERIBYEZREG 1 A PEREEAN T Cu-20Zn 5411

Cu-20Zn-1.2Si & S0 (K iR AN BB R (25 5 ) 2 4k
REBR AT AV LR LA sisBEm S, A 14

FiRSF(1.1 pm)EE Cu-20Zn &4 1 SRR (1.4 pm) 4l
/N I HLIYS Hall-Petch 23 3] 1 b RSl #4
RHA B ) 2) 2R RE B ARE YR T
AR FE KA S B RN, e A S BRI IE B,
Cu-20Zn-1.2Si 4 2 A KA VER T A g4k
YR AERREAR S 1 O BT A, MR UE 2
FERHIN AL g (B3, BRIl VA 45 LU R
4 ji: 1) SRR BRACAEAAE D Zha I LRI A T
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Fig. 10 Typical engineering stress-strain curves of Cu alloys
at different annealing conditions(a) and relationship between
uniform elongation and ultimate tensile strength of Cu alloys at

different annealing conditions(b)
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Effect of silicon on mechanical properties and
annealing behavior of ultrafine grained brasses

ZHANG Xiang-kai', YANG Xu-yue'?

(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. Nonferrous Metal Oriented Advanced Structural Materials and Manufacturing Cooperative Innovation Center,

Central South University, Changsha 410083, China)

Abstract: The effect of silicon on mechanical properties and annealing behavior of ultrafine-grained (UFG) brasses was
investigated in Cu-20Zn and Cu-20Zn-1.2Si alloys by X-ray diffraction (XRD), transmission electron microscope (TEM),
electron back scattered diffraction (EBSD) and tensile tests. These two brasses were rolled at cryogenic temperature
(about =196 °C) up to different rolling strains. The results show that the significant improvement of strength in
Cu-20Zn-1.2Si alloy is attributed to the formation of fine grains and high densities of dislocations and deformation twins
by decreasing the stacking fault energy (SFE). Thermal stability of Cu-20Zn-1.2Si alloy is enhanced due to the reductions
of dislocation mobility and grain boundaries migration during annealing by decreasing of SFE and addition of Si. Fine
grains, deformation twins and abundant annealing twins are introduced into Cu-20Zn-1.2Si alloy by decreasing the SFE,
resulting in a superior strength and ductility combination.

Key words: Cu alloy; stack fault energy; mechanical property; twins; annealing behavior
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