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Y STEX Y57 Mg-6Zn-0.25Ca s 4
it § 1 e B9 22 i

FFAE, x| A, WAL, ERIEL, X4k
(1. JLBHfL TR WU S8 71 TRESFe, 3T PEFH 110142)
(2. JLBHRS: HLBE TREFFE, 1L T JLBH 110044

# FE: WA T Y JCERMNISE Mg-6Zn-0.25Ca & & R M2 . 3#id XRD. OM. SEM. ZKH . Hr & fit it ih £ s
WHIL T 1525 Mg-6Zn-0.25Ca Ml Mg-6Zn-1Y-0.25Ca 1X 2 Fi & & IO 4 43 i iV e . W90 81, 3952 Mg-6Zn-0.25Ca &
I AR Mg,Ca, IIAY JCER )G TFBIKL RS A AR, Mg,Cattliiizl, BAERGHIINEE — 4 Mg, ZnY. Mg,Y,Zn,, JfH.
S5 AR BOMIN B> A S NIA 50, A A5 RS i o B R RSB N (S, 2 el T DA 3 B A
B Mg ,ZnY . Mg,Y,Zn, #5 Ai 75 & FE BT 8iA i), 2 BRAR 1 & S 78 8 Pl b (9 A 25 o X 484675 Mg-6Zn-

0.25Ca & 42 7E 3.5wt% NaCl i i b a0 Rk, 380 Y ST &4 Mg-6Zn-0.25Ca & 410 E B i s Az 32, F g/ B S

oo FRL R
Mg-6Zn-0.25Ca 54>

BT 2t B 5 1 3950 & Mg-6Zn-0.25Ca 5 42 IR i 1k P e .

BTt LA Mg-6Zn-1Y-0.25Ca & & i it P At 3 7 T

FHIE: Mg-6Zn-0.25Ca &4 Mg-6Zn-1Y-0.25Ca &4 H204k; il gE; Me,Caffl

FEEEDHES: TG146.22 CEAARIRAS: A

NEHS: 1002-185X(2025)08-2136-06

1 31 8§

BEE & rI b sR R L LU R B M RE i, fEVR AR
G BN IS [N R T8 < P TAZE 1 B =
T Mg-Zn R & 4 7E AT H o Ak 05 T A 0 A 5 Bl A
K™, A B Mg-Zn R & 4 = 50 5 i ik v 47 S5 0
B B S R SRR . HUR Mg-Zn R A S EE L
PRPERE 22 B = AR AL S B S ) P, AR IR BEA
G PR TR JE3 e o 2 A 2 b O v 55 0 R R 3 g o
TR U A G 4 U B LA I Ok 2 iR R A 4 VS ok
BE S 25 2 Fh oy 10 2 T Ik 7R BE B & R TS I AR 47 L, B 1E B
RIS A 4 i R 1 5 B 4 A TR T sk Ve R (B BB 2 B O
BB ER, —RER TR EEL S SRR ES S
F iR FE Ak i

Bt J0 % Ca v] LAHAFEEA & b 13 240 4k 515
A HSUE NI E) , A G I B B8 AR REAT BIAH B (142
™, TE RN I ey p A AR BB S N R 2 212
KyE. ZEHEEEEMRIT T CaXf Mg-6Zn &G HH 5 12
PERE IR, I T A5 TR I INNAE & S 1 R SH
T B E RGN, R AR BE S | JE AR R T AR R TR K
3R . TR AR5 R TN 2.0wt% Zn H10.5wt%

IS HEA: 2024-08-10

Ca & & HA AW B MrEGE . ZHEE R
Ca U o, B A & 71 PR RE AN JE3 th 14 e S 3 56 )5 ek
59, Hor Mg-2.1Zn-0.22Ca £ 42 I Fi5 ik B 50

Y WO BT B S DB A S I B il 26, i
B 7 SO 5 R BLAE AZ9ID A & NN Y JE & AT LA
BIRCE B R . AR, I Y oo
RREEES &M SRS RNk, R A S phtERE . D
FEIRE R ILE Aol BE A & AR LY )5, dm ki AR
a0, i B R T R E R A, Y &R 0~1.5wt% 2 [H]
I, BEE Y & 3G 0 e h ik e 5E . Xu IR K
BLAINY TR AZ61 A 4] LAE &R 15 2404k, 9F H
T RH v ) 58 A SR O AH I 20 AT, AN, WS N Y RE
B PR AZ61 BB 41 NaClLAE R AR Pl e it , 32 3%
o L il o F AR SCEEM IR AR B Y (IS I ] A4 AL
BE b RS, BRSNS 0 B R R, Y
TN L.SwitolN i 65 ek ik e fe A

b B Be e T 35 A BE S & I IR bl v g
Shahri " 5T % Mg-6Zn #E47 ¥ 510 AL # R B, ¥ 514K
24 hJa B SR THS GRS 7 60% LA F. B
R NITHE I 5 Mg-Gd-Y-Zr A4 7 8]V A, S 2R, &

BT HE QR FER R4 (52201131) ;17 TARHE T 4854 (2022-MS-253)
BT S8, B, 1978 428 11, 082, TR BHAL TR 2=MIA 5 80 ) TR 2B, 107 PhFH 110142, E-mail: guoshuguo@126.com
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I FCTR Pk PR A B4R s, [V S A ol A e, LS R
B, PR, AR AR 5 T DL AL SRR TR
EL 115175 Mg-6Zn-0.25Ca fll Mg-6Zn-1Y-0.25Ca 2 fili 5 4=
{10 5. G 2H 2R R i ol e

2 X W

43 9 H) 4% T 3 kg i) Mg-6Zn-0.25Ca & 4 Fll Mg-6Zn-
1Y-0.25Ca 2 & 4x o il 48 772500 « 78 TR B 3 30 4
ANAEE(99.9%) , SR8 e ¥ HE #2750 °C , i 4l 85 4= 0
JaAL, W E 21710 °C, 238, SR 5 H 0T I8 I Mg-25%Ca
B4 Zn B Mg-30%Y & 4, i 2~3 min, JiUE 20 min
& AERE SRR N BN R N . R 213
F 2 ARSI, SG-XL1200 B4 #2400 C
I TN BT , PRI 400 “CHELE 12 h, Bifl 5 HUH 57 R/, 3K
1FSEIOHERE . A SAE A S BRI 25 2 1

F A28 D12 D) 10 mm [ 1E 7 A RE &b 33047 BURE 4>
T, BUREAT B A G e M e B, sl 1. SR A ]
i & 5. D8 ADVANCE %Y 22 ) X Ui A AT S A3 AT W0 A 43
T R REAT T B \H %, SR 5 A F S TR A W (4.2 ¢
EEREZ .10 mL Z8787K .10 mL Z 2170 mL 21 % & 4
Jo§ ol B % A 4 S T R L BH B R, AR S SR AE2000
MET < #H 5 4048 F1 JSM-IT800 ! 4 # H 1~ & 1t 1% %%
SKARGEARS , [ BF FH B PR e SRS 0 A S 53 o

ARG R W R 8 10 mmx10 mm>10 mm )32
PE R A R T T B 2 RIR K % S B R IR A
3.5wt% NaCl [ 24 h, Bl & & REAS, &
2hif—widsk. AT HRIEER IR E R E , R &RE 12 h
HEAT — IR NaClIE ¥ 58 4 , S8 J5 75 10 1] (0 5% IR #h Vv Hh it

x1 REEUFRS

Table 1 Chemical composition of magnesium alloys (wt%)

Alloy Zn Ca Y Mg

Mg-6Zn-0.25Ca 5.73 0.246 0 Bal.

Mg-6Zn-1Y-0.25Ca 5.50 0.322 1.01 Bal.
—

-
~—__ I

1 R B s 3

Fig.1 Schematic diagram of the sampling location

4710 min B ek, BT R I . SRR L A 5
(DRSS REEE L, @id AR QO HETE
WAL

876 x 10°Ag
Ly = ym (D
876 x 10°AVM

o, Ly, N K E R (mmea™) s Ag N A &8 MET S
R () s AV R JEE e 7 &SR AT H B (mDL) s M
NERFHRER S EEMEMRRER M RR, HE
790.001 083(g-mL™) s 4 MR IIAFE LK (em® s1 K
IRV (h) 5 p 2K B RE 25 (grem™)

3 HRED

3.1 BRAR

2 N Mg-6Zn-1Y-0.25Ca fll Mg-6Zn-0.25Ca 2 ff &
41 XRD B % . & 2 7] A, Mg-6Zn-0.25Ca & 4 tH
o-Mg F158 — A Mg,Ca 41, 1IX 5 H SR ILITEH &S
& BT a-Mg Bk, IE R £ T Mg,Ca Fl Ca,Mg,Zn,
2P A IARALE , B 54 A B IS Ca,Mg Zn, AH T fif AE
o-Mg F AR P T 45 AR A o 7 ARSI AL T Y X
Mg-Zn & & HE M1 ERe 2, K I T A4 H a-Mg
A M Mg,Zn,Y Mg, Y,Zn AL (HEEE Y & 21451
A5 A H Mg Zn Y \Mg,Y,Zn, A 1L J% £ Mg, Y, Zn,
AR Mg, YZn AH o JE T 78 TR 32 i R A 90 R SR A
FLXRD 25, 11 2 AT R 5) 74 Mg-6Zn-1Y-0.25Ca & 4=
M a-Mg. Mg,,ZnY Mg,Y,Zn, 4 & . ¥J &) Z5 Mg-6Zn-
0.25Ca &5 & EEAFAES M A Mg,Catll, IMAY LR F
T BCHT I 55 — M Mg ,ZnY \Mg,Y,Zn, , 3£ H & &5 M
PRGN, B Y JTER AL RS Mg,Ca AHIR /D .

3 N Mg-6Zn-1Y-0.25Ca il Mg-6Zn-0.25Ca 2 f &
G 11 2120 2 J¢ SEM-EDS 73 #1 ¥l . Mg-6Zn-0.25Ca &
& (1P 24 deob RS 4 135 pm, dckRi 4t/ H35 2], & 4
TEAE KB A BRDIR Mg, Ca i, H 25 — M Mg,Ca 2

v —Mg,Y,Zn,
& — Mg ,YZn v
A — a-Mg
* 2-6Zn-1Y-0.25Ca
S0 —MeCaye b, o v, o
A Mg-6Zn-0.25Ca
2\ Y
B 4. P 1 o | aal
5
= Mg,Y,Zn, PDF#36-1275
— 1 1 1 L | 11 1
Mg,,YZn PDF#36-1273
] I I I A M1 1
oMgPDF#SS-08201] | | 1l 11 1111
w1t . Mg,Ca PDIFI3-04350
10 20 30 40 50 60 70 80 90

20/(°)

K2 27 & XRD K
Fig.2 XRD patterns of two alloys
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W] B RS TR

554 3%

2 10 pum

X

10 pum
M
Mg PointA  wit% at% & PointB  wt% at%
Mg 62.06  83.02 Mg 65.62 75.91
5 Zn 23.22 11.55 Ca 3438 24.09
g Y 14.72 543 Total  100.00  100.00
g Total 100.00  100.00
L
= Z
n|
Ca Ca
I n
Ny ' - A . . . | B . .
0 2 4 6 8 10 120 2 6 8 10 12
Energy/keV Energy/keV

&3 Mg-6Zn-1Y-0.25Ca f1 Mg-6Zn-0.25Ca & 4 (I G AHIE F . SEM [ Fr K B i 73 #r
Fig.3 OM images (a, ¢) and SEM images (b, d) of Mg-6Zn-1Y-0.25Ca (a—b) and Mg-6Zn-0.25Ca (c—d) alloys; EDS analysis (e—f) of marked

points in Fig.3b and Fig.3d

e o BN Iwt% Y JCER 5, kb SR A AR K HL
AEY, kLR SE N 166 um, 5 Mg,,ZnY \Mg,Y,Zn, T
AT 7 i S BRI BOR AR T (595 Mg, Ca #3809 HL
Mg-6Zn-1Y-0.25Ca & 4 1 26 A (0 7R F3 70 Ho At T
Mg-6Zn-0.25Ca %5 4 B 3G I, Wil 3a.3c s b R
55 Xie & NP 70 R B “IEBE & & PN IS 0.7wt%
MY LRSS S M PR ST BRI &
3b.3d /& Mg-6Zn-1Y-0.25Ca % 4= 1 Mg-6Zn-0.25Ca & 4
s R . B 3e 36520 AVB RERE 0 B 45 I,
AN Iwt% Y JG 2 Ja i 1 S 5 45 ¥ R 7S 3 45 K 1Y
Mg,Y,Zn, HAI Mg,,ZnY #H, W1 A £1;B fU 5 A ERURCR
Mg,Catf.
3.2 THEMMEEE

4 5% 2 PP A & =) XRD B, 2 Bl & 4 7E
3.5wt% NaCl /K A 65 ik (1) 4 25 S 7 5T

BHAZ : Mg—Mg*'+2e” 3

A% : 2H,0+2¢ —H,+20H 4

b 2 08 ) B3 - Mg+2H,0—>Mg(OH),+H, T (5)

Wk 4 T CUE 2 Rl A A 0 e ER A
Mg(OH),, {5 /& Mg-6Zn-1Y-0.25Ca & 4= (1 & th = ¥ T
P Mg(OH), PLAME & 45 /b 1 1) Mg, Y, Zn,, iX 42 [F
Mg,Y,Zn, A Ji [ 1) o -Mg #H 4 J& 7l i Mg(OH), 3 £
Mg, Y,Zn, FHLT . 75 4a A Mg,Y,Zn, 1 RN T #1 f2
B 26 A Mg, Y, Zn, MHANZS B 4 JEE ol mT DR s A 42 11
T FE5 b

K] 5 52 7E 3.5wt% NaCl/KiE Hiil 24 h 5 2 M &
S EMA R AR B Sa S LA
i, Mg-6Zn-0.25Ca & < 10 Ji Tk 5 7% 55, 76 J Tl ™= ) it v
A DLE BB T, 5 Mg-6Zn-0.25Ca & & At , Mg-
6Zn-1Y-0.25Ca & 4 R [ 2 (2 v AR L S 4%, HJoHA S 1))
. M Sc A1 5d AT AT, Mg-6Zn-0.25Ca & 4 J8 h [X 35
KTF Mg-6Zn-1Y-0.25Ca & & ik X 3k . 45 R BoR, Mg-
6Zn-0.25Ca & 4 32 AL TR FE UK, Mg-6Zn-1Y-0.25Ca &
4 52 AR R AR ASE /N, LD R P Se s ST B AT A
Mg-6Zn-0.25Ca & &1 s 45 1 W0 52 (49 JE o 7= 42 i A
Z AL, TN, BT Y DN A& S A T %
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M v Mg(OH), a
Mg;Y,Zn,

*

Intensity/a.u.

Mg,Y,Zn, PDF#36-1275

Mg(OH), PDF#83-0114

Mg(OH), PDF#83-0114

20/(°)

10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90

20(°)

K4 2505 ™) XRD Kl
Fig.4 XRD patterns of corrosion products of the two alloys: (a) Mg-6Zn-1Y-0.25Ca alloy and (b) Mg-6Zn-0.25Ca alloy

2 mm

2 mm

10"um  fas A

K5 Mg-6Zn-1Y-0.25Ca #1 Mg-6Zn-0.25Ca & 4> 112 WL IE /7 F1 SEM &
Fig.5 Surface appearance (a—b) and SEM images (c—f) of Mg-6Zn-1Y-0.25Ca (a, c, ¢) and Mg-6Zn-0.25Ca (b, d, f) alloys

SEFRD B b= ARG, o B AR R B T ARG BRI E L TE S A
% W 22 31 Mg-6Zn-1Y-0.25Ca 4 4 F Ji 1l 7= 4 it 2 3
B, A RS E— T R

6 #& Mg-6Zn-1Y-0.25Ca fl Mg-6Zn-0.25Ca 2 Ffi &5
G ILAE 3.5wt% NaCl /K 24 h A TR AR AL .
Kl 6a (AT H A ED BoR H Mg-6Zn-1Y-0.25Ca &
G2 AE 0~16 h A IR A3/ I TA) B UM B 2 B B KO
#, 78 16~18 h WA AT & IT 4R 2Z , 18 h 5 &4 I
F] B AR A A RS E « Mg-6Zn-0.25Ca & 4 7E 8 h Al &
ST EEH R KBS . 8 h G/ BT EREA
AEJLF—FE. 1E0~6 hitf[A] § Mg-6Zn-0.25Ca & < F
Mg-6Zn-1Y-0.25Ca & 477 A AR B AT 2 KA Mg A
BT i Mg(OH), BiAL A R (R4 T BE A 4 s (HBE 5 )
6] FRIHERS , 6 h 5 Mg-6Zn-0.25Ca & 477 £ A/ A BT &

T Mg-6Zn-1Y-0.25Ca % 4 , #& HH T NaCl /K ¥ 7 % 14
B 257 CI R 3 BRI B IR T Mg(OH), AL JEEEY, 5145
BB S IR R b BRI -

TR2FE SRR 2 I . BUAESEPTR AT DA
WA Ak i R BEAT R AR HE P=22.85J, PR Y LA 22 I
Mg (P, MR 2(GEHAEN B BB E, FH
R T, D . BRGS0 B R AL, FEAC B R
I FE AT DA & 4 (R S s 1 BB SN Twit% Y TG
F J5 Mg-6Zn-0.25Ca & 4 [ H J& ik o A7 i 5k 1)
—1.727 V$2£ T+ 1 -1.624 V, [H J&E vh oI % B R R OR 19
2.49x107° pA-em” ik /N F] 2.31x10° pA-em™. Fr L Mg-
6Zn-1Y-0.25Ca & 4 [P 1iif Ji b 1% B8 1L T Mg-6Zn-0.25Ca
G4, BRI 1wt% 1) Y JG 2= 7] U 58 Mg-6Zn-0.25Ca &
LIRS FES b B
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& a [ JHya luti b
20F —m— Mg-6Zn-1Y-0.25Ca | ydrogen evolution rate
'é 18k g M§-6Zn—0.25Ca ./' —I-CSS 8 |:|Mass loss rate
S 16¢ g
S 14} < E 6F
= 2
5 12f | 3
o 10} = 4+
S 8f /' / 2
g 6 S
2 / / = 2t
> 41 4 _— o)
an) ./ ./' Q
I
0246 81012141618202224 0 Mg-6Zn-1Y-0.25Ca Mg-6Zn-0.25Ca
Corrosion Time/h Alloy
Klo & i &R T i i it
Fig.6 Variation curves of hydrogen content with corrosion time (a) and corrosion rate (b) of two alloys
Rt AR5 M TS0 BRI, 36 EL A A B I 50 0 ST )
-1L5|  —Mg6Zn025Ca FEBR A 1 T8 B3 SN 4R 1D JB kBB, 288 e J= AT A
G oLer B S v i 2 — 22 R A . MY JC &R G A K
= -1.7r N \ -
. Mg,,ZnY \Mg,Y,Zn, #B 73 Aii 7 fif Pt 30 Bt A B, S 2% 1%
g ol {66 7 4 476 b o 10 B A0 L BN Y 6
2.0 5% 7 Mg-6Zn-0.25Ca & 4 i 65 ik R
2.1 N
= 5 4 ig

"~ 26.5-6.0-5.5-5.0-4.5-4.0-3.5-3.0-2.5-2.0
lg(J/A-cm™)

K7 28 & el Z

Fig.7 Polarization curves of two alloys

R2 AEBRUFIHRBREHBAMEREHER
Table 2 Self-corrosion potential and self-corrosion current of

alloys in electrochemical experiment

Alloy E /N J, /x10°pA-em?®  P/mm-a’
Mg-6Zn-0.25Ca -1.727 2.49 0.569
Mg-6Zn-1Y-0.25Ca  —1.624 2.31 0.528

gr b R E R A S R B, Mg-6Zn-1Y-0.25Ca &
& I8 1l AR T Mg-6Zn-0.25Ca & 45, WA AL ith 28 31 52
F{E Mg-6Zn-1Y-0.25Ca &4, H J& it o I % B2 PR
T B FRB A RS B A, PR T T Bk T . Al 2
SEUG R W, Mg-6Zn-1Y-0.25Ca & 4 0 i J&5 it 1k e A T
Mg-6Zn-0.25Ca & 4. 2% B FIAT AL 5256 DA K FLA 2 52 0
SR —HERMI N 1wt% Y 70 % 1 U#45 Mg-6Zn-0.25Ca
A A IR FES il v R 1 2 1Y 8
4

B A G T i e 2 2 2R ¥ A0 PE ARG 9 B S
Wi, Jiang SFCOHE TR B, A G (0 B8 AR R FE
RER R EZAER . AT Mg-6Zn-0.25Ca & 5 2 A %

M SRR A 43 , M Y 7625 bR B
B0 (EL A 4R 72 BB 5 A Mg ,ZnY \Mg,Y ,Zn,

DY JEE A I #5335 5145 Mg-6Zn-0.25Ca & 4 £
BGHT 58 A Mg, ,ZnY \Mg,Y,Zn, , H-A#15 Mg,Ca kb .

DY TCERMAIE B 135785 Mg-6Zn-0.25Caty
&1 3.5wt% NaCl /KA 7K 24 h &S W0 H &, Bp s ss 1
Mg-6Zn-0.25Ca £ 4 IR Ji T i 6

3)TEMg-6Zn-0.25Ca 54NN Y Je R AedE i H T
HAT, [F]E FAEAER 1 5 et PR 85 B2, AT e < T P o

EE PG
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Effect of Y Element on Corrosion Resistance of Homogeneous Mg-6Zn-0.25Ca
Magnesium Alloy

Guo Shuguo', Liu Quan', Jia Zheng®, Kou Ronghui’, Liu Xudong'
(1. School of Mechanical and Power Engineering, Shenyang University of Chemical Technology, Shenyang 110142, China)
(2. School of Mechanical Engineering, Shenyang University, Shenyang 110044, China)

Abstract: The effect of Y on the corrosion resistance of homogenized Mg-6Zn-0.25Ca was studied. The microstructure and corrosion behavior of
the homogenized Mg-6Zn-0.25Ca and Mg-6Zn-1Y-0.25Ca alloys were characterized by XRD, OM, SEM, mass loss, hydrogen evolution and
polarization curve experiments. The results show that the secondary phase of homogeneous Mg-6Zn-0.25Ca alloy is Mg,Ca, and the average grain
size increases slightly after the addition of Y element, while the Mg,Ca phase decreases. New secondary phases Mg,,ZnY and Mg,Y,Zn, are also
formed, and the volume fraction of them increases and the distribution is more uniform. This enables a denser and more compact corrosion film to
form on the magnesium matrix during the corrosion test, which can act as a barrier. The Mg,,ZnY and Mg,Y,Zn, are distributed near the grain
boundary or between the dendrites, which significantly reduces the electrochemical activity of the alloy in corrosive solution. Thus, the hydrogen
precipitation of Mg-6Zn-0.25Ca alloy is reduced in 3.5wt% NaCl solution. By increasing the Y element, the self-corrosion potential of
Mg-6Zn-0.25Ca alloy is increased and self-corrosion current density is reduced, thereby improving the corrosion resistance of homogeneous Mg-
6Zn-0.25Ca alloys. Therefore, the corrosion resistance of Mg-6Zn-1Y-0.25Ca alloy is much higher than that of Mg-6Zn-0.25Ca alloy.
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