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Effect of annealing process on interfacial

microstructure and mechanical properties

of Zn/AZ31/7Zn clad sheets
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Abstract; Zn/AZ31/Zn clad sheets were prepared by hot rolling process. The effects of annealing
temperature and time on the interface microstructure and mechanical properties of the clad sheets were
investigated. The results show that the annealing temperature has great influence on the formation of
interfacial diffusion layer. The interfacial diffusion layer cannot be formed at low annealing
temperature, but good metallurgical bonding interface can be obtained, which is composed of Mg, Zn;
and MgZn, phases annealed at 200 C. The higher annealing temperature (300 ‘C) leads to the
precipitation of the brittle Mg,Zn,; phase at the interface, thereby inducing microcracks along the
interface. At the same annealing temperature, the extension of time only affects the thickness of the
diffusion layer, and has no effect on its phase formation. The strength of the sheets is reduced after
annealing, but the plasticity is improved. The clad sheets obtain better mechanical properties when
annealed at 200 C for 1 h.
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Fig. 1 Interface morphologies of clad sheets after annealing at different temperatures for 1 h

(a)rolled; (b)100 C;(c)150 C;(d)200 C;(e)250 C;(f) 300 C



11 BHH TR

2020 4 8 A

Bk 1 hFRREIES . X E 1), (b)), /T LLE 5
M At #E 100 CFiB kg St 5506 — 8. %A k4
JCE MY H. 1 BE A R T, #E 150 CHR ke
(L 1Co)d S B I G 2B B3 1 3 02 HL 2 W 2L 43
i o W HE— 25T ST R Y RO RO R AN
M AT A B0 B S YEUZ . BAE 300 CiR
KAE T C(E 1CD) 78 AZ31 T Zn BEAR Z ]2 B T 85
JE Y B2 HLAESE T Zn SRR A9 — M 25 B T B i 9
U2 X — U2 A A AR R S i 2480, JnT 2l i
PR B, 76 IR G B op il AR ) AR AE S B AL
P B2 AN TRNR R TR AR A BT O R
Ak 26, T DL B Bl 5 TR R AR AL T RZ R R R
RIES L7/ E5 iU RIS KE

T ARG AR kAL S BB ) TC 2R BB OB AR X
FHOUEAH S5 4 Sk HL L (%) 200 'C J 300 'C IR KFE fh 1 T
PEAT TRERE M 45 SR 3 53R 1 s, I 3 A
U AEFE AL Zn JCE K Mg JTE 431 KA T WY
AL AR ST S RIS S Mg-Zn oM B #T
£ 200 CAR KRR & A w4 v BB AR BT MgZn, AH I
Mg, Zn; #,1fi % F 7€ 300 CiR K& A Mt . H A
W TFEAE Mg, Zn, sMgZn, F1 Mg, Zn, #. BCAM. (H 151
5 Zn MAH SR BE M 428 Ak A 9 Mg, Zny, 1)

(@)

14}
12+
10}

o N B O
T T T T

Thickness of diffusion layer/um

Rolled 100 150 200 250 300
Annealing temperature/’C

B2 RTR R KA B 1 b S S A AR SR T2 R i 2k
Fig. 2 Thickness curve of interfacial diffusion layer of clad sheets

after annealing at different temperatures for 1 h
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Fig. 3 EDS analysis of the interface of the clad sheets (a)200 C;(b)300 C
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Table 1 EDS results of each point in fig. 3

Point Atom fraction of Mg/ % Atom fraction of Zn/ %

1 1. 09 98.91
2 34.76 65. 24
3 41. 35 58. 65
4 92.98 7.02
5 8.58 91.42
6 20. 60 79. 40
7 30.97 69.03
8 43.78 56.22
9 98.19 1.81
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Fig. 4 TEM micrograph and SAED patterns of the Zn/AZ31/Zn clad sheet annealed at 200 C

(a) bright-field image of the interface zone; (b) SAED pattern for o-Mg;
(c¢)SAED pattern for Mg, Zn; ; (d) SAED pattern for MgZn;, ; () SAED pattern for pure Zn
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Fig.5 Tensile stress-strain curves of clad sheets after

annealing at different temperatures for 1 h
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Table 2 Mechanical properties of clad sheets after

annealing at different temperatures for 1 h

Annealing

Material UTS/MPa YS/MPa Elongation/ %
temperature/ C

AZ31 276.6 199. 2 22.7

Zn 105. 8 46.5 29.4

Zn/AZ31/7Zn 194. 6 158.6 8.9
100 198. 6 157.1 9.1
150 197. 4 144.0 8.8
200 193.7 128.6 13.4
250 182.5 154.7 17.3
300 154.7 114.0 14.2
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Fig. 6 SEM morphologies of samples annealed at 200 C for 1 h under different tensile conditions

(a)cross-sectional morphology of the sample loaded with 60% of the maximum load;

(b) cross-sectional morphology of the sample after fracture
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Fig. 7 Surface morphologies of the Zn/AZ31/Zn clad sheets annealed at 200 C for 1 h after fracture

(a)clad sheets; (b) AZ31 matrix; (¢) pure Zn matrix
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Fig. 8 Interface morphologies of clad sheets after annealing at 200 C for different time
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Fig. 10 Tensile stress-strain curves of clad sheets

Fig. 9 Thickness curve of interfacial diffusion layer of clad

sheets after annealing at 200 C for different time

2.4 BAREIXE &SR N FEEEERNZ I

K 10 2 200 CAREIf[E]E k5 Zn/AZ31/Zn B
A AR g AR -0 A i 2, BT LA L AH BT EL
AARAE 3B S [a] B[] S5 9 A b 5 B2 35 A o B (B9
PEAS B3 3k B T #8502 19 A A Al ] SE B T
BRE A NG T 5L 1H Ak 28U & Az S0 98 1 38

SR T F T AT R R S AR PG B AR L 3 B0 A AR 1Y
J1YEREA BT T R

3 i
(1)3B K AL FRIR JE 520 Zn/AZ31/Zn B2 & Wbt

after annealing at 200 'C for different time

SR F R R, AR ORENF &R
T 22 S g . 1B KR BETE 200~250 Cif L & &k
FHARAF oI Mg, Zn, 1 MgZn, FH2H B0 R 4 916 4 45
GAE . HJE SR JOR TS E 300 CHEL & A b
B B Mg, Zn,, , MgZn, 1 Mg, Zn, M4 T 5K
Zn FEAR— A MerE Mg, Zoy A1 B9 BT o 68 3 802 i
TR R,

(2)7E 200 CiB ki Zn/AZ31/Zn B A5 FEH H
IE B R AR B DL R AR IR T AZ31 A4 ]
WEE T Zn, B O FE SRR A R iR AT TR YT
BOMIE UG G456 . 3R A 248075 5y 7 Ak okt 98
PEBAR 5 1B R BE 3k w5y A A A (8] 72 A2 i 14 A JF 5 B



148 PR TR

2020 4 8 A

200 B (AR B 55 JEE T A AR
(3D 38 SR 8] 52 00 52 45 A S 1 47 102 8 B2 i X
AR A BB A B2 DT AS [R] 3B 8] R &2 & B 1Y
ﬁ%‘@ﬁ%%%ﬂ%&k»ﬁﬂi%gﬁ* A BAMAE 200 CiR
K1 ho PR RE B

& % 3k

[1] Ale, A hmom R 52, A5 B8 4 00 1 T 5 HG U B AR BF 58 3L AR
[J]. #mT. T2, 2013, 42(8): 24-27.

YANG Y, LI1J Q. SONG H B, et al. Research situation on ap-
plication of magnesium alloys and its forming technology[ J]. Hot
Working Technology, 2013, 42(8); 24-27.

(2] XZE,5RE3 . BIRML. 4. Wt Gd xb AZ31 864 4 il e 1 5%
Wi[J]. kR TR, 2018, 46(6) . 73-79.

LIU J, ZHANG J L, QU Z B, et al. Effect of rare earth Gd on
corrosion resistance of AZ31 magnesium alloy[J]. Journal of Ma-
terials Engineering, 2018, 46(6) . 73-79.

[3] BBk, BYHG R JEME I, 56 B H X AZO1 864 & T /W A% 2R 5 =
YR BHPUAT AR T ] MR TR, 2017, 45(4) ¢ 41-50.
ZHAO X, JIAR L, ZHOU W G, et al. Effect of rare earth on
corrosion products and impedance behavior of AZ91 magnesium
alloy under dry-wet cycles[J]. Journal of Materials Engineering.,
2017, 45(4): 41-50.

[4] YI A, DU]J, WANG ], et al. Preparation and characterization of
colored Ti/Zr conversion coating on AZ91D magnesium alloy[ J].
Surface and Coatings Technology, 2015, 276 239-247.

(57 BHRMT A58 K0, 2542, 45, Ik ol el 8 B B G 4 LIS T AT Sl BF 5T
(1. #RSHR, 2013, 27(24) . 92-94.

HUANG X L., HE M F, LIJ, et al. Pulsed electrodeposition of
Zn-Mg alloy and its corrosion behavior[ J]. Materials Review,
2013, 27(24): 92-94.

[6] YAND, YU G, HU B, et al. An innovative procedure of elec-
troless nickel plating in fluoride-free bath used for AZ91D magne-
sium alloy[J]. Journal of Alloys and Compounds, 2015, 653
271-278.

[7] ZHANG C H, HUANG X M, SHENG N, et al. A zinc dipping
technique for Mg-16Li-5A1-0. 5RE alloy at room temperature[ ] .
Materials and Corrosion, 2014, 64(6): 509-515.

[8] ZHANG SY. LIQ, CHEN B, et al. Electrodeposition of zinc on
AZ91D magnesium alloy pre-treated by stannate conversion coat-
ings[J]. Materials and Corrosion, 2010, 61(10): 860-865.

[9] BYUN]J M, BANG SR, KIM H W, et al. Effect of heat treat-
ment on corrosion resistance and adhesion property in Zn-Mg-Zn
multi-layer coated steel prepared by PVD process[]J]. Surface and
Coatings Technology, 2017, 309: 1010-1014.

[10] WANG H, YU B, WANG W, et al. Improved corrosion resist-
ance of AZ91D magnesium alloy by a zinc-yttrium coating[ J].
Journal of Alloys and Compounds, 2014, 582 457-460.

[11] SUN A, SUI X, LI H, et al. Interface microstructure and me-

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

chanical properties of zinc-aluminum thermal diffusion coating on
AZ31 magnesium alloy[J]. Materials & Design, 2015, 67 280-
284,

LEEK S, KIMJS, JOY M, et al. Interface-correlated deform-
ation behavior of a stainless steel-Al-Mg 3-ply composite[ ] ].
Materials Characterization, 2013, 75. 138-149.

LEON M D, SHIN H S. Weldability assessment of Mg alloy
(AZ31B) sheets by an ultrasonic spot welding method[J]. Jour-
nal of Materials Processing Technology, 2017, 243. 1-8.
RECGH R, AZ31/1060 #4545 AR 5 X A 205 1 e BF Y
[J). #A 48, 2016, 40(10): 996-1001.

WU Q. YANG S Y. Microstructure and properties of bonding
interface in explosive welded AZ31/1060 composite plate[ ] ].
Chinese Journal of Rare Metals, 2016, 40(10): 996-1001.
BINA M H, DEHGHANI F, SALIMI M. Effect of heat treat-
ment on bonding interface in explosive welded copper/stainless
steel[J]. Materials & Design, 2013, 45: 504-509.
DEHSORKHI R N, QODS F, TAJALLY M. Investigation on
microstructure and mechanical properties of Al-Zn composite
during accumulative roll bonding ( ARB) process[ J]. Materials
Science and Engineering: A, 2011, 530 63-72.

LEEK S, LEEY S, KWON Y N. Influence of secondary warm
rolling on the interface microstructure and mechanical properties
of a roll-bonded three-ply Al/Mg/Al sheet[ J]. Materials Science
and Engineering: A, 2014, 606, 205-213.

XL SR AR & L TE I . 4. ALMg-Al & &bt b Ewor s ].
FHEFSR, 2014, 28(10); 101-104.

LIU X H, ZHANG K Y, DONG L, et al. Study on tensile
strength of Al-Mg-Al laminated plate[ J]. Materials Review,
2014, 28(10): 101-104.

DASS K, KIM Y M, HA T K, et al. Investigation of aniso-
tropic diffusion behavior of Zn in hep Mg and interdiffusion coef-
ficients of intermediate phases in the Mg-Zn system[ ]]. Calph-
ad, 2013, 42. 51-58.

KAMMERER C C, BEHDAD S, ZHOU L, et al. Diffusion ki-
netics, mechanical properties, and crystallographic characteriza-
tion of intermetallic compounds in the Mg-Zn binary system[]].
Intermetallics, 2015, 67 145-155.

GHOSH P, MEZBAHUL-ISLAM M, MEDRA]J M. Critical as-
sessment and thermodynamic modeling of Mg-Zn, Mg-Sn, Sn-Zn
and Mg-Sn-Zn systems[J]. Calphad, 2012, 36 28-43.

BESE « Jem B A BT L 55 2% & 0% 4 9% B 5 H (FRF-TP-18-
020A2)

Y75 HH#9:2019-05-16; 81T H#1:2020-03-15

BIAEE P ROE 1974 —) 3B TR W, BF 52 07 1] O MR D 2
fiE S I ZR L AIE - b TS X 2 B 30 S b mURL K 2E B AR Bl 2 S A
S 0 (100083) , E-mail : xfghj@ usth. edu. cn

(K 3t %« 2 RAE)



