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%1 Zn-0.75Cu-0.15Ti-0.3Mg & & RILBRILFER S
Table 1 Actual chemical composition of Zn-0.75Cu-0.15Ti-
0.3Mg alloy (w/%)
Cu Ti Mg Zn

0.73 0.14 0.28 98.68

F 08 W I 1 15 % 85 5 A BR SCBF R ALk 4T #u gt
&, il i 5 mm>3 mm 177 TE AR A, 55 I B2 380 °C
HARIE B 9 50 mm/s, K 7108 8~10 MPa, # & L
N 1:68. H4455 R B4 b R SR FL R SR ML AT 2
TERREL, AN TR AR T R, FL IR B
280 °C, #LIZEEZ N 35 mm/s.

B b AL 8 T 2 ) E K 10 mm><10 mmx1 mm K
T, BEAT I kiR 50 A S A L AW 5% L ¥ Zn-Cu-Ti-Mg
G SRR AR BUR /> $0 3.5%NaCl % 47 8 h
SEHG . i HL Ak 2 T4 355 (CHIBB0E Chenhua) It T #%
L AC PP ES SE R AL #T 42 . #E Zn-Cu-Ti-Mg
GBI RR R, ERE S E Dy TAE AR,
FH 7K HAR (SCE) NS L ML Al, 40 7 xf Al o 7E R AL
WY, FESLAE 3.5%[1) NaCl v F S 7 1 om? (T .
7E AL 2 BT i, B2 Y F Dy 100 kHz~
0.01 Hz, WRAR S8 70, FHAESIEE N 10 mV,
T % A AR E JE IR AR AL IR . B R E D -2.74
~-0.5V, HWAHEHHEZE N 10 mV/s,

1% f GB/T 228-2002 brE i THAFRFE . FLHR
U RT, EMRRPER TG . [FI K B 48 % BT R
RFE IR T AT AT BE AL HE, A BRE 1) 36 1HT JE BRBF
K SHIMADZU( 5 #)AG-1250KN % % J5 RE 1R 36 AL
BATRAPREE, hifiE 2y 0.5 mm/s.,

K& A BB (OM, GX53). X k474 (XRD,
D8 ADVANCE). f#iHi8i(SEM, SU8010). HLF#R%F
(EPMA-8050g) 7 1) i i A% (WDS) Fl 1 43 #¥ 325 5 HL -1
2B (HURJEM-2100) 32 47 fOW 2H 23 K AH 45 44 43 BT

2 HR5TR
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43796 3 NMEGRIIATHIE, XN EHES TS50 Zn
f1J(002)~ (100)F1(101) 3 A™emThl. LbAk, AT LM ER 5+
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TEE RN, Zn BRI &b 10 () BE B T, A A Wi AR
FEEEBITN . /3 M7 42.2°9R1 39.8 b fi7 S I 3 FF 55 XRD %
BRI EE, ST Cuzns MM s, HESES.
LIS T B 20%, 50%A1 70%f & 4 % E Al 43 5
N 0.9%, 4.2%, 3.7%, 0.2%; X T Tizns M5, %
ELE 5 3N 4.2%, 5.8%, 2.2%, 1.7%. &4k, %L
AT B (36 K RIS 7% e

K| 2 A ¥ EZS Zn-0.75Cu-0.15Ti-0.3Mg & 4 I &
WAL EPMA JTR A . AWKl 2a W & AH 4 21
AUE, FESE S S H S ST, 50 &R
BONYH/N . GRL I, SRR R SF 298 5.43 pm.
Zn-0.75Cu-0.15Ti-0.3Mg & & I F 45 S5 B K4 2
250 ‘CMV, A sz 06 e 5 1) B K UL FE Dy 380 °C, iz T
FH 4 iR, Ak, TR RIS R A B A DL R 9B
PEARTE SRR FE ) T, SRR R & &5k
AR RAHEELERD. T aabBEEs, &
SRBEANE, RFEEEERE T =S it
ATV A, He A 2T 45 i ORI A 78 43 BRI TR OK,
UGN NE R RIS . SeA, T RLRBUE S AL
KERBONHAM, FiZAE Cu. Tiv Mg 148 A4k
Apten,

ME 2b, 2¢ ) SEM AL n] UE H, AR AIE
T IO AR ST, FLAE R S A AEAE OK BOBURLIR AT HY
o X 2b H AR B BURLHEAT BETE 434, K I A
R VOO REAE, F2h Zn A Ti JCERMR, Zn M
Ti MJEFIhHzir 3:1, mubAIW A BORA Tizng AH (&
2h); B WkOEALRTE, fWRRE Mg ik, HIEX
ANE Mg ARSI ) b B Cu st R (A 2i), #HE Mg
A MgCuzn (&9, Cu st KB & & Mg Al — & hT i .
ME 2d~2g HATLLE H, Cu BN S HLR U A TE
Zn JeAkrh, TigoE 3B LUBURLAR 1B AEE, Mg 7T
FA DUBURLAR 1) A7 TE

x * * Zn
. & CuZng
X Extrusrn A TiZn, &
* A A
g Rolling-20%
2
5
= l Rolling-50%
A A Y
l Rolling-70%
IA LI - - AI - - A:A__
30 35 40 45 50 55 60 65 70 75
20/(°)

B 1 B EAMELHZ Zn-0.75Cu-0.15Ti-0.3Mg & 4 XRD i
Fig.1 XRD patterns of extruded and rolled Zn-0.75Cu-0.15Ti-
0.3Mg alloy
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R IRAE iy Ak DA K St N SR AEAE R B 38 A L. M
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WA (R GTER R, FLIAR TR 20 & 6 0 diokbi R~
MRS, M THESHS, FLH R T Ak
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RRNIE T & @ PR HT A, XF 5L AR TR & A
70%[#) Zn-0.75Cu-0.15Ti-0.3Mg & 4 & 7> # 47 EPMA
AT, WA 4 fros o BEARAEAE REMT A, HAERR 5>
m S A AEE I X, X &S MHEMASE 5. A

4b~de TR LUK HL, Ti f1 Mg Jo 3R 2 DUBURL 1) 72
BFEAE, CutRBR—#7 5 Mg LHE S Zn B =7t
MZ AN, Ko #EEE Zn Fikd. 0K 4a A
B AT R RN, WK 2 fin. A sSATHAE N DY
RS, &4 Tiv Zn ik, N TiZngtH, B riNik
BIEESE, &H Mg. Cu. Zn Jt&E, AN MgCuzZn =
JGAH .

Rk — B RAEE Mg 19 Zn-0.75Cu-0.15Ti &4,
WH AT T TEM 4387, @il 5 fias. M 5a daf bl
R, FEEPAAERZ BAMYRBRAE, & 5b
o R R R AT BE 0 AT (] 5e), 45 3012 08 1 [ B0k
MAEHES T 8581 CuzZns Mo RIS, 28T A £ 0k
FH I RS I R % BRI AH /2 & Cu AH(IE 5e), Cu &
BT 10%, TE TEE&FHN Cu &8, xthiE—>
VEUEZ AR CuZns A . 1 5d NI 5b 1 A AL SR
FRLIY) HRTEM B8 5 o X & 5d o — > 5 1 f) & -1 1 32k
AT et T [V 200 2 R 4L, 49 B9 b T (AD R 9 0.211 nm,
2L RS, %07 W) B i T CuZing AH F7(0002) S 1T
HNT XA, X Bb H B A Zn HEAR 4T EDS
b, Wl 5f frR. ZAAETR Zn mR U KD E
) Cu i, KW Cu JLERIE Zn AR — 2 [EIEE .

g8 100 2 4 6 8 10
Energy/keV

Energy/keV

2 FJEA Zn-0.75Cu-0.15Ti-0.3Mg & 4= 2H ZURI E 1% 43 Hr
Fig.2  Microstructures and EDS analysis of extruded Zn-0.75Cu-0.15Ti-0.3Mg alloy: (@) OM image, (b,c) SEM images,

(d~g) corresponding to Fig.2c, distribution of Zn, Cu, Ti and Mg elements, (h) EDS spectrum at point A in Fig.2b, (i) EDS

spectrum at point B in Fig.2b
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3 RFEA%LHI4 &8 T Zn-0.75Cu-0.15Ti-0.3Mg & 4 1 OM Al SEM £ 41
Fig.3 OM (a~c) and SEM (d~f) microstructures of Zn-0.75Cu-0.15Ti-0.3Mg alloy under different rolling deformations: (a, d) 20%,

(b, &) 50%, (c, f) 70%

K4 FLIAS T BN 70%I5 Zn-0.75Cu-0.15Ti-0.3Mg #4141 J2 EPMA 4 #7
Fig.4 Microstructure (a), and EPMA element distribution of Zn (b), Cu (c), Ti (d) and Mg (e) of Zn-0.75Cu-0.15Ti-0.3Mg alloy under

rolling deformation of 70%

F 2 [E4a™ AT B SA EPMA-WDS 4} #f
Table 2 EPMA-WDS analysis results of point A and
point B in Fig.4a

Element Point A Point B
wl% at% wl% at%
Zn 64.18 56.76 89.3 80.78
Cu 0 0 4,53 4,22
Ti 35.82 43.24 0 0

Mg 0 0 6.16 15

2.2 Zn-Cu-Ti-Mg & &I hZF 14

% 3 NELHIAE L B X Zn-0.75Cu-0.15Ti-0.3Mg &
SRMERERIR . Bk b, LR E A &K
FIGE 3 RGBS . RELFIRIER, &Embih
55 R GE A 3R AT IA B 142.7 MPa 1 3.87%, %LHI75 %
JEPLRL R AR 110 MPa, 3% i T HEAT 28 kA
LIS = T AN s N S i O e S =
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Fig.5 TEM microstructures (a, b) and EDS analysis of Zn-0.75Cu-0.15Ti-0.3Mg alloy under rolling deformation of 70%: (c) SAED
patterns of black phase at point A in Fig.5b, (d) HRTEM image of point A in Fig.5b, (e, f) EDS spectra of point Aand B in Fig.5b

3 HHTREN Zn-0.75Cu-0.15Ti-0.3Mg & & Hi {H % REHY
A
Table 3 Influence of rolling deformation on tensile properties
of Zn-0.75Cu-0.15Ti-0.3Mg alloy

Deformation/% on/MPa ol%
0 142.7 3.87
20 97.6 3.32
50 105.3 2.67
70 109.5 2.23

%, LHRZMS Cu Tt H A & Mg AH— T, P
T Cu JGEHAE Zn BAR PN IRV, FEAC 7 aR B hah
B Mg M MEYEL A YD, (R B PEAR TR o 4 e i 1 AR A
JeF L, B METEAR AR YA, RS Rk E
FEAESLBR, R IR AL, RO R SR AR R R )
T R E BSR4 0 98 AR P2
IR BEARAR T& S Pihsm ) fg & . SLHAR Y &
BRI, AoRL AT B 2 AT, SO R &
TNAENEBEHEEAR,
2.3 Zn-Cu-Ti-Mg &% 7 3.5%NaCl #i#&FHIEB K

FITH

Kl 6 NAFRELH AR T Zn-0.75Cu-0.15Ti-
0.3Mg & &k ih Ze M= HbtiE, £ 4 AEEH

L2 L& s, o E NE AL, oo NJETh
%, £ 5 N&4 EIS MZmml &3, A
R(CR(QR)) %5 R4 i i X & S b AT AL, b Ry #om
WAL, R, fl CPEy RoRJE =¥ Z BT,
Rs ARl =1 = A& S Fe R AT M, n SR
AE(O0<n<1), WEAERE AL, BRI 4L
AR TR BN, A4S H R RO, H R
HLLIZ AP N, ULBH G G Tk B g I o L AR T &
(38 I K (B 6a)s MBSl FL g 5 B SR, FL I AR
TN T0%M & 4 H & R/ NE MRS E, A 25.47x
107° Alem?, X34 1 10 B 4L AR I G A S0 i 5
(Y JE5 P 1k B (R 4). RLWIARTE B RS, &8 i
(K18 Mg M3 %, & Mg MR R vk gE A 23, fi &
it o kM e AR

HE 6b iTLAEH, FLHEEENRN 70%45 4 1M
U B L R AL IR TR R, SR £ 3.5%NaCl
HhPE R R ol e T 7 AR TR R il B N B
HBHAE RO, AR T W R B R . £ RSR
R A B H PR VA TR BT Ry AR RS 1= )
JZBHPUH Ry, LT YN EFAHTN Ri+Ry. EFHPUE
W R R, R 5 ATA, LR
BIKE, WRHEST Ry BUAKXR, AdEM™=YE
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x4 FEELEZTRET Zn-0.75Cu-0.15Ti-0.3Mg & & W 1k
LS EIE
ot —— Zn-0.75Cu-0.15Ti-0.3Mg-0% @ L. .
—— Zn-0.75Cu-0.15Ti-0.3Mg-50% Table 4 Fitting values of polarization curves of Zn-0.75Cu-
1 —— Zn-0.75Cu-0.15Ti-0.3Mg-70%
2 ) 0.15Ti-0.3Mg alloy under different rolling
E deformations
3 Deformation/% E/V leore/>10™ A <m™
k= 0 -1.306 47.71
50 -1.203 33.76
70 -1.191 25.47
N 20 15 10 05
-2. -1 -1 - SE THET Zn- - i- 5 y
Potential/\V x5 AREEFITHET Zn-0.75Cu-0.15Ti-0.3Mg & & EIS #il
80 - - B8R
70t Zn-O.750u-0.15T!-0.3Mg-0% o )
sol o Tacu0 19T 0 M v0% Table 5 Fitting values of EIS curves of Zn-0.75Cu-0.15Ti-
o 50} 0.3Mg alloy under different rolling deformations
; 40 . R1/ -4 Rz/ R3/
ol Deformation/% Q-em? CPEy/>10 aem? oem? "
0 4.849 0.6407 116.8 5.136 0.6148
201 50 4.949  0.6265 138.9 3.238 0.6059
10} 70 4.972 0.5665 166.7 2.002 0.4909
0O 2IO 4IO 6I0 8I0 160 1é0 14I10 . . P .
i BT R, #6014 166.8 Q <m?, i BHLHLAE t A7 B 48
TX 3 WAL 1) 25 5 < (R T et B ) 45 30 18 9
+ A 7 _ i PN [/
6 ARELHATR T Z0-0.75Cu-0.15Ti-0.3Mg % 4Bk %54 Zn-0.75Cu-0.15Ti-0.3Mg & & 41410 #r, IE
22 A0 EIS 2k SEE AL AR Zn BAEF T EANE A S
Y i Ak b B (1 = B Ay
Fig.6 Electrochemical performance of Zn-0.75Cu-0.15Ti-0.3Mg FUILAE 3.5%NaCl i i L Jis T R AN e P AL
S — Ay = =z HE i oz A
alloy under different rolling deformations: (a) polarization 55 AR TIORLAL AT EH 8 e S IS 7 A A g ot 7= 420 5 3
curves and (b) EIS curves ) FLBCE A AT SRR TT, WRAEE T VA e 1) Pl
¥, BT & AR B UE
V 14.7mm x2.00k LM(L) 5
c
207 e T % 783f =
Zn 5171 29.85 696} Zn  26.39 14.18
[e] 36.88 62.04 [¢] 41.61 55.34
cl 427 3.80 609 Cl  28.69 27.40
Mg 179 1.79 3 Mg 0 0
Ti 1.66 0.89 k) 522} Ti 331 245
¢ % i § 435F 0 160
S 348f
£ 261f
174F :
- icn 83- a T N Mg a
0.00 0.67 134 2.01 268 0.00 067 134 201 268
Energy/keV Energy/keV
B 7 #LEIAS & 70%0F Zn-0.75Cu-0.15Ti-0.3Mg & 4 B4k 22 MR 5 R T 50 5 Re it /it
Fig.7 Surface morphologies (a, b) and EDS results at point A (c) and point B (d) in Fig.7b of Zn-0.75Cu-0.15Ti-0.3Mg alloy under 70%

rolling deformation after electrochemical testing
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Microstructure, Mechanical Properties and Corrosion Resistance of Hot-Deformed
Magnesium-Containing Zn-Cu-Ti Alloy

Qi Jigiu!, Gu Huwei®, Ni Ya?, Meng Qingkun®, Sui Yanwei*, Wei Fuxiang®
(1. School of Material Science and Physics, China University of Mining and Technology, Xuzhou 221116, China)
(2. Jiangsu CUMT Dazheng Surface Engineering Technology Co., Ltd, Xuzhou 212006, China)

Abstract: Zn-0.75Cu-0.15Ti-0.3Mg alloy sheet was prepared by extrusion and rolling method, and its microstructure evolution process,
mechanical properties and corrosion resistance were discussed. The results show that the Zn-0.75Cu-0.15Ti-0.3Mg alloy exhibits a fine
equiaxed crystal morphology after extrusion deformation. Micro-scale TiZnz and MgCuZn phases and nano-scale CuZns phase exist in Zn
matrix. Rolling deformation promotes the grain growth of Zn matrix and the grain size is relatively non-uniform. With the increase of
rolling deformation, the matrix deformation induces the precipitation of more MgCuZn in the Zn grains. After rolling deformation, both the
strength and elongation of the alloy show a decreasing trend, and the tensile strength decreases from 142.7 MPa to less than 110 MPa,
which is mainly attributed to the growth of grains and the increase of brittle second phases. However, the rolling deformation contributes to
the improvement of the corrosion resistance of the alloy. The as-rolled alloy exhibits a lower corrosion current density (25.47<10° Alcm?)
and a higher corrosion product layer resistance (166.8 Q £m?) compared to extruded alloy.
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