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Effect of solution and aging treatment on the microstructure and
properties of free-cutting deformation Zn-10Al-1.0Cu-xBi-ySn alloy
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(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. Key Laboratory of Nonferrous Metal Materials Science and Engineering, Ministry of Education,
Central South University, Changsha 410083, China)

Abstract: The effect of solution and aging treatment on the microstructure and properties of self-developed free-cutting
deformation Zn-10Al-1.0Cu-xBi-ySn alloy were investigated by mechanical tests, optical microscopy, scanning electron
microscopy, transmission electron microscope, energy spectrum analysis and machinability tests. The results show that
better heat treatment process of free-cutting deformation Zn-10Al-1.0Cu-xBi-ySn alloy is (350 C, 30 min) with
water-cooling and (100 ‘C, 12 h) with air-cooling following. After a reasonable solution and aging heat treatment, the
o-+n cellular and granular structure of the alloy increases, the lamellar structure reduces as well, so as the plasticity of the
alloy increases. And the tensile strength and elongation of the alloy are 327.05 MPa and 20.5%, respectively.
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Table 1 Hardness tests results of free-cutting deformation
Zn-Al alloys according to temperature and holding time of

solid solution treatment

Solid solution Solution time /

temperature/‘C min HB
As-extruded - 91.8
300 30 110.3
325 30 117.0
350 15 114.7
350 30 132.3
350 45 127.6
350 60 124.7
375 30 125.7
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Table 2 Hardness tests results of free-cutting Zn-Al alloys

according to temperature and holding time of aging treatment

Aging temperature/'C Aging time HB
As-extruded - 91.8
Solution - 1323
70 12h 104.0

100 10 min 136.9

100 30 min 128.6

100 lh 121.8

100 3h 110.8

100 5h 108.9

100 8h 105.2

100 12h 102.2

100 24 h 95.9

140 12h 97.6

2.2 X SHELTET AR

TR A S T AL [ Y — I AL B S ) XRD %
wE 1 FR, RTEHR 20 MERE 35°~47°, FURGEEE
1(°)/min, AN EACHE Rl Bi 1 SnBi #H, {54
TE [ — I A B R T (AR . KT 1) ] LU
o, A SHFREREARE n AHCVEE NS 7
A, HCP i)\ a AH(LAE A ZE M4, FCC Z514).
MW 1) AR I, A E)E, G4 o i
Wb, &4 Zn-Al ZJoHEIRL, AR AS TG
& AL B AH(EL AL I AAER LA ZnAlL B
FRIEl A4, FCC 45H4). BT BAH A PR i (1 aok o ]
AR, BRUS AT B o FIRVERE n AHZ AR
HARECRPARA L. B AR R FEAR R, KT 1(c)mILA

i, RS 4L000 C, 10 min)iFRE, B AHK 2 iR
CIEATE K. A4t (100 °C, 30 min)Hf 2ok 5 K
I B] PRI 280, XRD 1 s o] DLAM AT H 2 A 2 2 11 e AT
(CuZng)(WLE 1(d)), M5 AR H T Cu [ 3
Bk, BANTH B T e A ABFFORE
(1) 5 V18122 1 2 VI Zn-10A1-1.0Cu-xBi-ySn &5 4 T
Cu FHafD, R 2%, Kk, « HEERD, &
1100 CRIFIRINRL, A2 KRGS SRR
orte—T "+ VUAH SN, AR 2% SCHR[4,11-12] 7T 01,
VUAH S NAE Cu 5 im0 ZA27 ZnAl,Cus I RS 72
SRV SIS0

2.3 BRBALSHT

PRI BB ST AU b, G
HBE M SE . B IS R DX oy T, 4 Sl
2 fime MWE 2@uf LA, BEFRSAZ5H
AEFADN, FEAREEEE g MH oty ERR MR A
FRRALZA, AT B AR TREC A RN 5 Bi AH
SnBi #; M s Bi #H A& SnBi A LA A R IR AT
S, ARSI T 2B EAER, i e
PSS UIEIPERE . K 2 (b)) LU B BRI 5 4
BRSO AL T aty 2 FORAZ: 2% 2(b)
IBAIX A\ B FI C HEAT AT o3 B vl 4, T0X A 4 g AH,
TIX B Ay a #H, THIX C AARFET I R g AH: K
(c)~(e) I LAMLER BRI & S H IR SHOWA LT aty
R RRREZR LR A 4 0 Lo AR b v s 5
MWE

G a2 b RS 21 2 EATR E EO AR E (1
SRR, T REAR R B E N, A AR
SYfRTES, DRI, IS R B A AT I A
Wb EFN B EEAR I RAE Zn-Al B SAHAR T
R EE ALY, ORI, B Zn
ISR, N B R I o AR RO A
B AR RO RE T B R e, A P TTEAH
HILZ Al I —Fh el 2 v As e gl i ium g
A A I R Ve I — B 20T R LR : —GP X —R

Spinodal

H—am—n; B a1 +ay—o+R—aty. Zn-Al

Decompose

B AN BRI R TE A AR IE SE YT MIAN AL
VOE, HAELLYTIE T 70 A 3 BIA IR S o«

1) ARGERIMAR SN 2) EREACHIIAR BN ; 3) B AR
FRIRDTHE . TR MR BN, B AN E I a
ARG BF g AHATEIHES U2 IR 2 AR A
N ANIEGEVE SN A5G 2 5 R B AR AN H] L
RUTTENL: ARG HDIRYTTERT L4485 Spinodal



22 1L

s A I R E T 5 D)1 AE T Zn-10A1-1.0Cu-xBi-ySn £ 4 414355 1 B8 1 5%

3049

(2)

7(1010)
7(1011)

)

Ul

Il
Tl

L>n(0002>
a(111)
f a(200)

£(1010
£(0002)

()

7(1010)
7(1011)

fa(zoo)

Ul

U

iV

35 36 37 38 39 40 41 42 43 44 45 46 47
200(%)

35 36 37 38 39 40 41 42 43 44 45 46 47
200(°)

1 5YJH| Zn-10A1-1.0Cu-xBi-ySn 754 [N 35 1) XRD i

Fig. 1 XRD patterns of free-cutting Zn-10Al-1.0Cu-xBi-ySn alloy after solution and aging treatment: (a) As-extruded; (b) Solid
solution (350 ‘C, 30min); (c) Solution and aging (350°C, 30min)+(100 “C, 10min); (d) Solution and aging (350 ‘C, 30 min)+(100
‘C, 15 min); (e) Solution and aging (350 C, 30min)+(100 °C, 30 min); (f) Solution and aging (350 C, 30 min)+(100 C, 1 h);
(g) Solution and aging (350 °C, 30 min)+(100 °C, 3 h); (h) Solution and aging (350 ‘C, 30 min)+(100 ‘C, 5 h); (i) Solution and
aging (350 °C, 30 min)+(100 ‘C, 8 h); (j) Solution and aging (350 C, 30 min)+(100 ‘C, 12 h)
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Fig. 2 Microstructures of as-extruded Zn-10Al-1.0Cu-xBi-ySn alloys: (a) SEM image; (b)—(e) TEM images; (f) EDS pattern of
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point 4; (g) EDS pattern of point B; (h) EDS pattern of point C
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Table 3 Mechanical properties of free-cutting Zn-Al alloy

Sample condition 09,/MPa oy/MPa 0/%
As-extruded 315.36 334.39 9.72
(100 C, 12 h) aging 312.61 327.05 20.5
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Fig. 3
Zn-Al

Microstructures of free-cutting

alloys after solution and aging
(a), (b) TEM images; (c) EDS
pattern of point 4; (d) EDS pattern of point

B; (e) EDS pattern of point C
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4 ZPIH] Zn-10Al-1.0Cu-xBi-ySn 5 475 8 5
Fig. 4 Photos of cuttings of free-cutting Zn-10Al-1.0Cu-
xBi-ySn alloys: (a) As-extruded; (b) Solution and aging

treatment
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