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<a>ZWHIHNEYE, TERIIN, $ma &nrkaey
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G, HALZESA IR 1. A aH% K 99.9%40 Mg.
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g U, VRN Ca 5, ZAMX6100 &4 th 2 —AH
Hohm, #55 ZAARISEK, EDS a4 R
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Table 1 Chemical composition of the as-cast alloys (w/%)

Sample Zn Al Mn Ca Y Zr Mg

Mg-6Zn-0.5Mn-1Al (ZAM610) 5.71 0.93 0.411 Bal.
Mg-6Zn-0.5Mn-1A1-0.5Ca (ZAMX6100) 5.74 1.05 0.423 0.570 Bal.
Mg-6Zn-0.5Mn-1A1-0.5Y (ZAMW6100) 5.52 0.87 0.403 0.480 Bal.
Mg-6Zn-0.5Mn-1A1-0.5Ca-0.5Y (ZAMWX61000) 5.90 1.00 0.420 0.560 0.420 Bal.
ZK60A 5.82 0.48 Bal.
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Fig.1 XRD patterns of the as-cast alloys
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0.99%, Y: 6.71%). MBI UG H, &4 N Ca 81/
R Y JC#EE, AENE LR . BRI Ca
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Y 5% CatY, #01T ALY #MA Al Mn,Y A, e
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BEEHRETIEHL W, N Ca GH&AHEHE

T L UEAE B ZAM610 44 1 ki e kLK,
ZAMX6100 &4 fn ki B R aift, B A LURH 7
FHES . &Y [ ZAMWG6100 45 4 10 1 45 il ks ) <f
KT ZAMX6100 &4, HBE/NT ZAM610 & 4.
ZAMWX61000 7 4 H fok gl A 35 R e i, & & rp b s
W T MM A . s ZAM610.
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K2 #%&EerIRa SEM |
Fig.2 Low-magnification SEM images of the as-cast alloys:
(a) ZAM610, (b) ZAMX6100, (c) ZAMWG6100, and
(d) ZAMWX61000
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Fig.3 Optical images of the as-extruded alloys: (a) ZAM610, (b, e) ZAMX6100, (c) ZAMW6100, (d, f) ZAMWX61000,

100 pm
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Fig.4 SEM images of the as-extruded alloys: (a) ZAM610, (b) ZAMX6100, (¢) ZAMW6100, and (d) ZAMWX61000
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it ZAMX6100 & 428100, KRR A MEAHCK 2 1)
ALY AL AIMnY 659 N RRE R+ 2 99K 1K MgZn,
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HEZ T ZAMX6100 & 4x, {H/INBURLAH 30 A
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Bl 7 g 4 FhsEE A a8 R 5 (0001) A% B ) EBSD
e IWEIT AT LLE H, I A7 & 42U HR 2 M 2 1
<0001>£F 423k, HAFAT T4 R J7 1M . ZAM610 .
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11.44.,
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Fig.5 Bright field TEM images of the as-extruded alloys: (a) ZAM610, (b) ZAMX6100, (c) ZAMW6100, and (d) ZAMWX61000
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Fig.6 TEM image of nano-precipitated phase of Ca-containing alloy: (a) ZAMX6100, (b) ZAMWX61000, (c¢) corresponding precipitated

phase particle and SAED pattern of Fig.6a
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(b) ZAMWG6100 Max=15.06
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(c) ZAMWX61000 Max=11.44
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Bl 7 55440t EBSD FEIRIXE B (¥ ) 1
Fig.7 EBSD maps and corresponding pole figures of the as-extruded alloys: (a) ZAMX6100, (b) ZAMW6100, and (¢) ZAMWX61000

F 2 Mg-Zn-Mn-Al-Ca §& 5 ZK60A E& B H FHRELLR
Table 2 Tensile properties of the as-extruded Mg-Zn-Mn-
Al-Ca and ZK60A alloys"”

Alloy streiegrlii/ll\e/IPa strer?gite}biMPa Elongation/%
ZAM610 304,302,302 216,215,217 19.0,21.5, 18.5
ZAMX6100 358,355,350 317,316,307 16.5,17.5,18.0
ZAMWG6100 340, 343,332 287,291,279 21.5,15.0,10.0
ZAMWX61000 342,344,349 289,296,301 15.0,18.5,18.5
ZK60A 314 225 6

2.4 TiMEEE

Kl 8 i ZAMX6100. ZAMW6100. ZAMWX61000
H ZK60A 4 FiEEA St it 2. g Ml fb ik (3%
AR R 28D IRATA 4 10 JA5 el e 7 I R85 ol b v 2 AT
LN 3 Fin. 5 ZK60A G4, ZAMW6100
AR S T 39 mV, 2 Ma bl

HL AT AR AL /N s R B % B U7 T, ZAMW6100 .
ZAMX6100 fl ZAMWX61000 £ 473 51 i ZK60A £ 4
K 39.9%+ 10.6%F1 17.4%. ¥, J& AT E,
Jeg ok e SRR ), AR R Tk R DU i
W, WINY 58 Ca Ja, A4 ik W] WA .

B9 Jhy SI0 B 5 I USRI E S0 . el AT I, ZK60A
B ) RRARRRRLY), MAEOER, RiNGRZ
WML, MHYTEE/ANT 1 ume ZAMX6100 454103 1
TESEBLT ZK60A &4, HIEHOBRIA E A /N, HERR
U . ZAMWG6100 1540 6 J k) MERR AR R 28480 T
ZAMX6100 &4, (HJE MR ARV WL ZK60A & 4™
H . ZAMWX61000 & 48 i 55 ZAMW6100 £ G AH A,
PG Tl 2R B P WA TS

4 NS B B T S PR AR . R TP
PETHEN, ZKO0A £ 4 6 il o s it 2k dse K, i ik gt
#; ZAMWX61000 & & s K/, (A ZK60A



%7 W T OREE: THE Y A Ca A1A VRN Mg-6Zn-1A1 &4 U ZIFI 1 RES R

* 2457 -

[ ——7Kk60
—&—ZAMW6100
—#F—ZAMX6100

[ —4—ZAMWXG61000

Potential/V
'

0.001 0.01 0.1
log (Current Density, i/A-cm™)
B8 AN[SEEGBE A 4 1E 3.5% NaCl 7K i 1A Ak i 2%
Fig.8 Polarization curves of the as-extruded magnesium alloys in

3.5% NaCl solution

#3 TRESENERBASRTEE
Table 3 Corrosion potential (E.) and corrosion current
density (icorr) deduced from potentiodynamic

polarization curves

ZK- ZAMX- ZAMW- ZAMWX-

Sample 60A 6100 6100 61000

Corrosion electric

potential/V -1.535 -1.536

-1.496  -1.553

Corrosion electric current

density/mA-cm 8592 0.908  3.424 1.496

G 110, WekPEser; a2 ME et S
ZAMWX61000 544034,

3 it g

3.0 WEXEZNEEHNESELEMN

R4 Mg-Zn 05 S AHHE, 613 K(340 C)I A4
RS RN, AR EE R B a-Mg FUBEEEAR, JLrpgk
BEMILSY 1 Mgsi Znog HHU e 800 AL S, Al #E Mg
) T TS A A s R 5 I A R 1 9 5 2 12.9%, Joit
HOKD, W ZAM610 G4 Al JEA LT
o-Mg 4K, REETERGHTAH, I ZAM610 & &84
MRS A& Mgs i Znyo 4H .

T AT DA B e A 2 A ke S T G 3R TR A
YIMAE SRR, A ZEEON, TR G T
K, MEES R EY . Cas Y. Mg, Al fl Zn K
HL P20 1,00 1.220 1.31. 1.61 F1 1.65, [Kitt,
Al,Ca. ALY HIEITE A X 28 5 o {0 O AT i ge e g 2124,
DE) Ca(/M T 1%, FiESE)MAR] AZ91 HaH,
[T p AT, ATERCHRIAR: R Y dmElsE
Al BEG ST ALY MHTERG XAER 0.11%~0.41%Y
i) AZ91-Ca-Y &4 & 2%Y ) AZ9ID-Y &4
0.5%~2%Y 1] AZ61-Y &4 Kk, AR,
ZAMX6100 & 4 ¥H Al,Ca AR AN 1% & Ca i3
B (0.5%), AT Y LRSS TR ALY #,
K5O 8. MAh, Y. Ca s Mg [0 TG E

K9 seab Bk B USRS
Fig.9 SEM images of corrosion morphology of Mg alloys: (a, ¢) ZK60A, (b, f) ZAMX6100, (c, g ZAMW6100, and (d, h) ZAMWX61000
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Table 4 Mass loss of magnesium alloys after immersion in 3.5% NaCl solution for 5 h

Sample ZK60A ZAMX6100 ZAMWG6100 ZAMWX61000
Initial mass/g 1.1975 1.2571 0.8221 0.8138
Mass after immersed/g 1.1985 1.2569 0.8228 0.8138
Mass without corrosion product/g 1.1501 1.2522 0.8148 0.8100

Corrosion velocity/mg-(cm®h)’ 9.48 0.98 1.46 0.76

JLE, MH Ca B 5 Mg B 14, SEILRTH
HORAER, R, A Ca FI/EL Y I Mg-Zn-Al &4
HEMIN, Cav Y IR PR EFEWAH S . Can®k
LEE AR A w4, SRR AL Zn R R
TEHLT Mgsa(Al, Zn)g MR AlgMns A5, A 6] T
Mgs1Znoo H I TE . Anyanwu 25 A PORIHIF 57 45 Bt 2
Wk, MY AR EEN, S4BT Al Y
TE R ALY A5, THAE T AT ALFL Y JF, X Mgsi Zngg
B AN K . RN Y+Ca ) ZAMWX61000
Ha, ERER ALY KRN T AlJRT, $3%
Mgsa(Al, Zn)go AHBA HI I

B AR I Cay Y JSUT7E AR U & 4R, i Rk
I 8 T I e 4 A R o b A T, BHAS T a-Mg AR,
A5 TR AL, X0 5 B2 T I b 41 A6 A F)

UEAh, Y BTG S8 S AU B A e EE
Mo &Y B S Ar %M FE b e T o AT T /0 ST 77 4
R ALY A7, AR T LAY #H AR 2 a-Mg T
B51 b 37 2B AR AE T AR L RE S TEAZ (1 — AN R 35 02
PR AF 2 TR 4 00 T ) S 21 /N T 15% 11 4 1F
HOPE Bramfitt 7 f) 4 5 B Al G R R 281, e
RTINS WP

hd), _
é:hkl)n - Zf:l (|6{[mw]'s cos 9_ d[uvw];1 /6{[uvw]'n /3) x I(X)OA) ( 1 )

o, (hkl)s 2R IARIRECS T, (hkD), R8T A AH &
W ARAR LA T [uvw]s A (hkd)s it THT PR 504 10
[uvw]s K (Rl o ¥ T AR BT 1) dinegs T dpuo, P
[uvw]s F[uvw], di 10 (B S E]BE, 0 R [uvw]s Al uvw],
Z A At o AR BT A% I A VR AR 2 D) A A T R
O0<15%, HF A v /E A 8T AR A A 24 iz O T
ALY [FJ(100) [~ (110) M~ (1115 Mg #(0001)
T AR L BN T 15%, e ALY A A BUS K
o-Mg A RIEAZIZ L, ST a-Mg MTEZ %, A F
THNGEEHEEANL.
32 WERRNEEHFEHELAZ

M Mg-Zn-Al —J0H 4 & 335 CHAEE Mg i)
BRI, iU A ERNE Mg it U —
N a-Mg. AlsMg, 1 Zn, 1 MgZn A4 5 H = 41X, H

BRI Mgso(Al, Zn)ge MRS T EASEAR . B 5) 4 Ak 2R
Ja, R B S ALY AR AlgMns A7 1E, Mgs,(Al,
Zn)4o FHAT Mgs Znyg AHEE A N AR

ZAMG610 & & H A 2 AT /D& AlgMns 41, 1X
LR LLET LA A 3, AR T s ki dl . R R
oD, A ER SO A B3

W Ca M/ Y Ja, G4 AHEcE K. 4
NEIHT A BT IR SR Zener BE (Zener £T 4L 1,
BV RR AR A A BE B I S R K . MR 38 Zener FHF R
W, P Rk, kK ORI B ) S ok
FRETIL P, SR KA 1EPY . Zener 4T4L
RAFAE R 0 SR AR (D,) W R IE N -

D,=4r/3f (2)
S, SR AT FLRORL R AR R o BRI 8 42

BT SR W TERAIK R BE,
BRI, 45k E 4% D>D, I, Zener £T4LAE/EH, H
2 D<D, W AEAEH . H 24 ZAMX6100 & 447 sh 24T
K MgZn, AHAT AlgMns AH, 117 ZAMW6100 & 41
ZAMWX61000 &4 HH ALY AT AloMn,Y #H. M
KA, MgZn Ml %, HE ALY #, AlgMns Al
A ALMY AHAIR/N GG IWRSFE, MgZn, AHH A
T2k, HEAA T WRHCKFAHOK 2 10 . Bk, MgZn,
A Zener KAAE I okl AR SR /N, B P45 it ditohot
KRMETFLE I B R g, 1K T80T ZAMX6100 & 4:3)
AP SRR ST BN /N . T ZAMX6100 & 44127
AR EAR BT ALY, 1S5 18 ok ROST 19
HIEL T ZAMX6100 4545, ZAMWG6100 54 (15 &5
gEEERIRE K, HH T ZAMW6100 54 h W AR AT,
W R R SE N T ZAMX6100 & 4. ZAMWX
61000 4T ALY MBI H MgZn, HH 1) E INE
H, FRES S SRR AN, T AR T Ay 412 i A
FSF/ANT ZAMX6100 &4, 3305 4 1 dobn R
T 4 TSR ERG Sh BR/ME

ZAMWG6100 &40 ALY AHJE T WL Bk, 1R
IPEARTE, JOURBE T oA, B ALY AH T T
TG IX I o IXANAL T XS0 A T 3 245 P 45 b AR TE A%
388 S OB AE BE TEAZ (PSN)BY . KB ALY AHIIAELE &
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ZAMWG100 & & AR W, ZAMWX61000 454
AR B A VB R > . RST/NIJRER  BRY ALY AH R
LR 000 B 25 1 4 5 X ILAE B G B oRE S, i T
AT LT o

4 PGS G, ZAMX6100 &4 () SR I A
SRIE SN, XERA N Ca 5IE T EhASNTH, 4T
BRI T LN, A6 T & G g Sk, BRAC T
Z IR R ZUR i
33 MEXENEEHNEEEEZN

0 i A R H S A B 4 AT R AL T B K
i Hall-Petch &, AROERAN /)N, SRR B, BF
JEA ZAMG610 54 P38 dioR RST 4 5.64 um, i3 I
HICHE G, AENFRER RS R 215 pm BUR,
NT 60%LL b, G4 smpvEes 20T B At s .

FHELT ZAM610 &4, N Ca. Y G &&NA NE
AT HAR, IXLeHT HAHBERS AT EIZ SN, ARITA a
Pem. AEFRI R Z T HAHI RS BoEmm oA
FERUEm, 0, rARS N, eSS, BIREM,
AR TBIRSAE IE s, SRR, R ST
MRS RBUIEAZ s, S SRR,

ZAMX6100 & a5 % & T ZAMW6100 & 4x, F
BRRAEWRA: — 712 ZAMX6100 754 BARF34
B RSE KT ZAMWG6100 45 4x, HILFR &5 dh ik i )T
FeJa &N 95— 7, ZAMX6100 &4 WA KEgK
% MgZn, #H, HRSF/NF ALY M, FEZ KT ALY
M, HEIRECMi. Ak, ZAMX6100 &4 WAEEE
BEZWARTEAT, 55 g /N 45 O AR R T OB A 41
gL, JOOAHT IS B I B B 4 T ALY AH, i B
B ANE T ALY NIVERL T, fERE88 K2 — 2 AR TE,
fEFA S ISR RN E D 3 iRy Du PR i 4
B BE A T L T 45 ) Mg-2.5Zn-0.3Ca-0.4La (J5i & 7
5, %) Erdr, HATHAN/INBIAS T 45 b iR A1 AR T 45 2H R
XA L ZY, A 4 10 e IR 82 A SR e o7 55 1 T Ji
FEAH R S35 325 MPa. 341 MPa 1 15%P4,
34 MELRERMEEB MR

B A0 F R SE PRRN SR AR IR, AT R Mk
BRI EERE. —Jrm, A EeE B IR T IER
WA, SCREAR M R AL S5, AN
BEITCE RIS AR ERRR, NS ENE
TAT 7 A B Z 0

LR VA N R AR I N LA TTRIN
A, AR I A, kL AT R RS el
HELT, W Ca 5, ZAMX6100 & 4 1 JE il i 7 5
ZK60A < AH 1, AR it vp 0 3% B K B2 /N T ZK60A
Hér. CHIFRRY, &N H R/ DIIE A,

AR T3 v A e (R ik v PR DR 0 N 1R B AT Bk
BEAR TGV B J6 lt, ELAE A 5 <o oA T0US ot LA Y B K
BT 2, W] DA ) 8 J od A A R85 0 1) JE ok
ZAMX6100 &< I =Py an /), HERASUR , KA AA
TRy GE, AT LA RUBHAS i o SR AT . BRIRDS
ZAMX6100 & 4 N 3 K g K g MgZn, MIRAE4E, &
L 5 ol vl 908 25 8 2RI

ZAMWG100 54 1 J63 ol i 57 1T FE ol vl 98 5 32 3
INF ZK60A 4, FWH ZAMWG6100 45 4 (1 b M 4
T ZK60A £ 4. kWS NPIEH SR, TS Y
BB S AT F A B s TR AR A 4, IR T Y
BN T A WS N . AR R, L
JCE AT DL NG AR A A, B A SRR )
BUR, e de & 4 2R 0 A O 205 T BTG 1R 4
W, ZEAAPA NaCl JF A A BUK,  w LUk 2]
BEALISE VR . 7E4NZ I Mg(OH), % il o X & 4 2R 1
AR ERY 540, Y B TR IR,
oy Y JuER My LR R I DA I T8 A
16, [RIRE BT DABR & 6 I I 6 il e

ZAMWX61000 &5 MM AL 5 ZAMX6100 7
SARARL, AR A B R e . (0 T Y ST E N,
{E 1A G AR I 8l s N BEL ) KT ZAMX6100 &4,
X FCTH v i B A A A, R, ZAMWX61000
B A UE BRI RN .

4 £ i

1) ZAM610 & & SHLH a-Mg. Mgs Zny A
F/b 5 AlgMns AHAL B I Ca J5,  Mgsy(AlZn)g AH
BT MgsiZny Ml ZAMX6100 &4 ML
a-Mg. AlgMns HF1 Mgs,(AlZn) 4 ZAMW6100 &
SR A ZAMWX61000 54 H, B a-Mg.
MgsiZnyo A~ ALY AHLL KD 5T Al gMnyY AHAL %

2) BRI S LMK E, SIS
MgZn, FiEAG MRG58 Zener FHAFVET, $05H1 T Sk KoK,
ZAMWX61000 <512 diohi RS ey, 4 1.35 pme ¥
Y si/A Ca, X Mg-Zn-Al &4 BA RAFH SR 414L
YERL, HARB AR Y+Ca (40O s .

3) & CaBEGEHIRAILGILR T el /N2
5T R RIUREL R AR T 5 AR I AU S B R AL 2, Y
Ha ALY A4 IR, 5308 H R
Do BRI Ca W SRAL R EF TN Y 50 Y+Cao &
ZK60A G4, ZAMX6100 &4 HIsihrsm g it T
2y 50 MPa, JiJlRi 42 E T 20 90 MPa, Wi Ji5 it i %
PR T4 2 £

4RI Ca ) ZAMX6100 £ 4 1 65 ot by 378 %5 )%
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A

%49 35

/N, ZAMWX61000 75 4 19 )65 1 3o 26 B A1, i ek 3 vy
) Ji IR S KB 5 AT HE A Mg Zong AH BELRS 7 3 ok i 32 482
AT A L Y JCHE R T A AL R 6 i e . BH T .
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Effect of Ca and Y on the Microstructure, Mechanical Properties and Corrosion
Properties of Mg-6Zn-1Al Alloy

Wang Rong ', Le Qichi', Wang Engang', Cui Jianzhong', Ren Zheng?, Cheng Xiangyu®, Zhu Xiurong®
(1. Key Lab of Electromagnetic Processing of Materials, Ministry of Education, Northeastern University, Shenyang 110819, China)
(2. China North Material Science and Engineering Technology Group, Ningbo 315103, China)

Abstract: The effect of trace addition of Ca and Y on the microstructure, mechanical properties and corrosion properties of Mg-6Zn-1Al alloy
were investigated. The results show that the second phase in the as-cast ZAM610 alloy consists of a-Mg, Mgs1Zn,o and a small amount of AlsMns
phases. The Mgs;Zn, phase in the as-cast alloy is substituted by Mgs»(Al, Zn)s with Ca addition. a-Mg, Mgs1Zn,y, ALY and a small amount of
Al;oMn,Y phases are found in the Y-containing alloys. Y or/and Ca addition refines markedly the recrystallized grains of the tested magnesium
alloys, and the alloy of Y+Ca addition has the minimum grain sizes. In the Ca-containing alloy, MgZn, phase is dynamically precipitated during
extrusion, which has strong effect of Zener retardation, and forms a double-mode microstructure composed of fine recrystallized grain and coarse
deformation zone. ZAMX6100 alloy has the highest tensile strength, yield strength and elongation, which are 354 MPa, 313 MPa and 17.3%,
respectively. In addition, ALY phase in Y-containing alloy promotes recrystallization nucleation during deformation, resulting in a reduction of
deformation bands. The improvement of mechanical properties of tested alloys after microalloying can be attributed to the refinement of dynamic
recrystallization grains, the formation of ALY phase particles and the dynamic precipitation of MgZn, phase. For corrosion resistance of the
Ca-containing alloy, the raising reason is that a large amount of dynamically precipitated MgZn, phase prevents the continuous corrosion, while Y
element improves the corrosion resistance of the alloy matrix.

Key word: Mg-Zn-Al alloy; microalloying; extrusion deformation; dynamic precipitation
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