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Microstructure and properties of
free-cutting deformation Zn-Cu-Bi alloy
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2. Key Laboratory of Nonferrous Metal Materials Science and Engineering,
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Abstract: The microstructure and properties of self-developed Zn-Cu-Bi alloys in the cast and extruded conditions were
investigated by mechanical tests, optical microscope, scanning electron microscope, energy spectrum analysis and
machinability tests. The results show that Mn can easily form large and hard massive structure in the Zn-Cu alloy, which
cannot improve the mechanical properties of Zn-Cu alloy obviously, and may bring worse effects. The machinability of
the Zn-Cu alloy can be improved by needle dispersion distributed low-melting Bi phase in the cast condition and dot-like
dispersion distributed Bi phase in the extruded condition. The self-developed Zn-1.2%Cu-0.5%Bi-X alloy is of good
machinability, and the tensile strength and elongation of the alloy reach 405 MPa and 19.0%, respectively, showing good
comprehensive properties. The alloy can be used to replace some copper alloys for making bearings, connectors,
household appliances and other structural parts.
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P BAAE ROV HIVEREFT ) 22 BE AR TR FE G 4, SN
X AT G UIEI BT S R 4 AT B . — k]l
A Pby Sn A Bi FRIGES RUCE KA MBS 1Y)
HITERE. BEAL, ¥SINiE S Cu. Mg. Al Ti Al Mn %5
TOE AL AR AR R AP ) 2 R S e RN
A SCAEE R BATHEEI S Bl S UIHIAS K Zn-Cu &4
AR A I SR REREA TR ST

1 X8

BT AR I ARy BATRCHI % Bi & DI AZ TE
Zn-Cu #4z. 1EHE 1 ivIMG e ik, 76 Lo
TR RS MR BBE R s IS R, Bi LAl g N,
Ti BL Cu-Ti "FE]A4 0, Mn EL Cu-Mn 1 H] 4540
No BAEEERR R EIJALE 3 150 kN 37 aUHF MLt
TH R, B LS8 F . BEEMHGEE 192 C,
B R R PG E 200 °C, FEEEINFAURE 250~260 C,
BRI 2=18.8 (d 50 mm #45E—d 12 mm HrHl#EH).

F1 RBEEMLEED
Table 1 Chemical compositions of experimental alloys (mass

fraction, %)

AlloyNo. Al Cu Mg Mn Bi Ti Zn

1 02 12 01 025 03 0.05 Bal
2 02 12 01 025 05 0.05 Bal
3 02 12 01 025 08 0.05 Bal

K F POLYVAR-MET Y4 AH W ise Il 8845 58 4>
MALR a4 EATE GB/T 228—2002 il iy ik

FE, £5 CSS—44100 B4 i 7 eI AL kAT = i Hr
WY, PAHEE A 2 mm/min; 7F HW 187.5 BAf i 4
B RE v B A G R A A G2, 156 2 A b
612.5N, AMERTLAE N 2.5 mm, AT fRFEFIE] 4 30 s;
7E HVS—1000 %507 Bo/n 4t [ TF EIAA & 84 Tk
AR BAREEE, R 9.8X 107N,
LRFFINFA] Y 5's; ST Sirion 200 37 A& 544 o1 54
B8O G I O A 2 R 1% IR A b A b B3 7
DJ-CL—1 = [AZEME UK 24/CD6140A MUK b X5 4 4¢
ST UM I, JF L & S5 S RB RSN 4
JETES

2 FHR51R

2.1 HEFMBES TR AT OS5 ER

B EPRE S AR R4S a5k 2 Py, WK
20 RLEH, G4 1 s A 381 MPa, Hihzam
JEh 428 MPa, T (HBS)A 98.6, ¥JH&E T-44: 2
), (HRHLEPETIRT 542 0, 54 1 KR
H3.0%, T4 2 B ERIE R 19.0%. A4 2 LI
LRI ZRG 127k Re, ME RGBS, 4t
PromJE A F) 405 MPa, HE AW 54, W
4R G Ha kR LSS ERE,
423 1 Bi Gty SR BARIAH] 10.0%, HI
S JEE AR W] UL, ok i Bi AT RENT A G i AT AN
Rk, ASCVE#H R4 1 /2 rdE— Dt

C I A PSS
Table 2 Mechanical properties of alloys

Alloy No. a,/MPa oy/MPa 0/%  Hardness (HBS)
1 381 428 3.0 98.6
2 356 405 19.0 88.7
3 314 348 10.0 85.2

B 1 Bos b e Bt s A SRRl 56 f i 118
. W 1@ ELE T, &< 1 ARl D e w3
B, R T MEMEWT R WS 2 R A B e,
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B 1 FER R I ) SEM 5
Fig.1 SEM images of tensile fractures of alloys: (a) Alloy 1;
(b) Alloy 2

F 3 AEH A WA RIS R
Table 3 Hardness test results of alloys after extruding

Hardness (HV)
Alloy No.
Mn-rich phase Zn-rich phase
1 354 146
2 343 131

B N 3 AT LA Y, 54 11005 Mn AHAEE O 354 HV,
B Zn FEAAKIRERE N 146 HV, B TA4 21, X
B4 ECREFE MRS T — 3. s, AR 3 38 wT L
i, B4 E Mn AR R T Zo AR
& Mn AHRRE B AREIROR, T s Zn FERAH AR B L4
FagE, IXATREEE Mn AHH AL FI Zn S50 3 10187
AT 3 R o

22 EEHSHEREANE
X G ST EAMAL G, LR 2 e
e M2 ATELE N, SeSMAR LA E Zn

B2 Zn-Cu-Bi &&HENEAHAR
Fig.2 Optical micrographs of as-cast Zn-Cu-Bi alloys: (a)
Alloy 1; (b) Alloy 2
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Fig.3 Back-scattered electron images of Zn-Cu-Bi alloys: (a) As-cast alloy 1; (b) As-cast alloy 2; (¢) As-extruded alloy 1;

(d) As-extruded alloy 2
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Table 4 Cutting force measurements of alloys after extruding

Tool Sample Average Back cutting Feed/ Spindle
No tangential depth/ (mm) speed/

: force/N (rmin ")
YW1 1 63.43 1 0.08 1120
YWl 2 68.72 1 0.08 1120
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(b)
Zn Element __ wi% %
Cu 3.87 3.97
Zn 96.13  96.03
{ CuZn
1 2 3 4 5 6 7 8 9 10
Energy/keV
() (d)
7n Element wl% x/% 7n Element w/% x/%
Al 3.79 8.60 Al 7.65 16.34
Mn 6.91 7.70 Ti 291 3.50
Zn 89.31 83.70 Mn 7.58 7.95
Zn 81.86  72.20
Mnj| Al Mn Zn Mn||Al Ti Mn Zn
ILA T ; — -y 223 A—o-—v\-»— |u——. T et/ /\i—f\—i—
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Energy/keV Energy/keV
(e)
Element w/% x/%
Zn Mg 1030 29.02 B4 Arde | OB AT TR R
Bi 31.99 10.49
Zn 5771 60.49 It
Fig.4  Back-scattered electron image and
EDS analysis of as-cast alloy 1: (a)
Back-scattered electron image; (b) EDS result
Bi of point 4; (c) EDS result of point B; (d) EDS
e 7 result of point C; (e) EDS result of point D
h h n

1 2 3 4 5 6 7 8 9 10
Energy/keV
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Fig.5 Photos of cuttings of different alloys: (a) As-cast alloy 1; (b) As-cast alloy 2; (c) As-extruded alloy 1; (d) As-extruded alloy 2
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