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MBIk AL, BEAN I T R A R A R R
N7

K6 B MBE(OM, Axio Scope AL)F1FT#iHL T
185 (SEM, FEI Quanta FEG 250) W %24 #H 41 4N i
PSR K F e B (A B 1 (EDS, Oxford X-max20) 7> #7
TR AL 2 %5y 14 Image-pro plus B4 3E4T 4 M 2

Specimens

Bl1 Bobkas LZrRsE

Fig.1 Schematic of laser melting process
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WA SR = Ak, %A THA T 8 g NaCl. 0.35 g
NaHCO;. 0.224 g KCI. 0.228 g K,HPO, 3H,0. 0.278 g
CaCl,. 0.305 g MgCl, 6H,0 F1 0.071 g Na,SO, # 17 it
Hl. AEIRI 1. 3. 7. 12, 24, 48. 72, 96. 120. 144
H1 168 h J&, 3wl b A X 5T 45 2k F AN R
1) pH B FFRFREAT, %S 7 AKGE A S Bl B
bR H R TTRY) . REMRE AL 3 AFATHE, &5
FECF I .
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WP AT B A I R . SCIR A = WARiA R, KR
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DA BT 75 B AL S AT T RS FAL COCP) Jt,
i) /9 1800 s. HAALZBAPTIE (EIS) Fyll 145 2 ji [l
“4 30000~0.01 Hz, ZZiAtMEAE N 10 mV. BEFFE 5 A %
IAATHE, 4 RACEIIME.
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Mg. Zn Al Ca JL & & &40 7N 26.3%. 64.6%A1 9.1%,
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K12 MgZnCa & < FE R FIMOE M k2 1K) B AR 41 21
Fig.2 Metallographic microstructures of MgZnCa alloys: (a) substrate and (b) LSM layer

K13 MgZnCa & 4 - ARG 45 Bk J2 1Y 49 B B IR
Fig.3 SEM images of MgZnCa alloys: (a) substrate and (b) LSM layer

=1 [E3ath&=H EDS AR
Table 1 EDS analysis results of each point in Fig.3a (at%)

Point Mg Zn Ca
A 96.3 3.10 0.60
B 26.3 64.6 9.10
C 32.7 64.2 3.10

Fz2 [E3bHESH EDS LR
Table 2 EDS analysis results of each point in Fig.3b (at%o)

Point Mg Zn Ca
A 92.3 6.50 1.20
B 25.2 62.6 12.2
C 34.7 64.4 0.90

R3 HLBBRBFAEFAIEER
Table 3 Volume fraction of phase composition of substrate

and LSM layer (%)

Sample a-Mg Ca;MgsZni;3 MgZn,
Substrate 55.97 33.26 10.77
LSM layer 63.02 31.85 5.13

Y Ca,MgsZnys MR FHEAE Y, B &by CaMgsZnis
H: C X Mg Zn JTo & I & & LU E 0 1:2, Jy MgZn,
M, FRONERR, KEZ S um. FFEHE 2 7750,
R 3b ) A XN a-Mg #; B Xy Ca,MgsZngs s
C XA Mgzn, A« HH B 3 7] UL, SO 5t 2 1) MgZn,
A R SF AR T WA A B B, R 2B, B2
2) 1.7 um. BRI ATLLEH, SHEMAMLL, EEES
[t MgZn, AH IR 2 B M 10.77%4% K 5.13%. % 2 st
1 a-Mg AHH Zn ST ER S = SN, X2 FONTE
WOCIE BRI RE b, i TR AR PO A H, 4
T Zn GEMYHEG M EE T a-Mg HH N .

4 O REAL I G MgZnCa & 4 R Wy T S5
M, WEATR, MgZnCa & 4 40 ik o 1 it ab 31
Ja. TERCT MEBEX . R XCRI#GEm X 3 AN Er.
Bk X 1) JE P 2448 9 508 pm, %A & B S 6 FL I A
AL . JE B B ORIl N . A AT XA
N IX 1 B G 2B M e R [ 408 2 7 0% 6 P s i) P
SR, I P S )RR FEAR K, et S B R AR X
WM BRI E L S ivE, RATGEFAER, —Jm,
BT AL I SO R BN, TR R 5—J7
M, HTEAERK, SRRKKZE TR . O
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B4 WOtk A # R MgZnCa & 4 I i 4 4 41 20
Fig.4 Cross-section microstructure of MgzZnCa alloy treated by

laser melting
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Fig.5 Surface (a) and cross-section (b) microstructures of MgZnCa alloy treated by laser melting
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Kl 6 MgzZnCa & &t IaEEZ LA XRD K%
Fig.6 XRD patterns of LSM layer and substrate for MgZnCa alloys

2.2 THEERMERES T

Kl 7 5 MgZnCa & & MBI &R . S A FE
ARG T SBF ¥ 107 B 45 2k 28 5 1 [R] F 00 &R
M2k, TEAHFI PRI N, SBOGE B LIRS
SRFERRER R R RN 7E 48 h G, RFEIR
BILPFHRAEL; MR 168 h &, WFEM B EHE
FAUN 0.45%, LVRABEBEEEM U3, ik, &
BOtIBEAE G, BASREMNBRARAL, HA
SATEINEIET, MgzZng H RIS A LA D, AT k2
THEA SRR WA R Tk R

Kl 8 4y MgZnCa & & MIBOLIEEEA . 5 A5 R0 i 15
A 3 MRFERIET SBF W 5, WGV pH H
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Fig.7 Mass loss rate of different MgZnCa specimens as function

of immersion time in SBF solution
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Fig.8 pH value variation of MgZnCa specimens as function of

immersion time in SBF solution
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G, G&REZ AR E MY, R 4805,
A& F ™, IR R0 5 B B G ) 2R T A
EARESSNE S IE I TEESE L. MELE
HEAbFE 5 MgZnCa & G AF S 7RI 24 h Ja R AR
5] B R AE s 7EIR 0 48 h J5 A E K T YRR B
T .

Kl 10 & MgZnCa & &MEA . BIESFBOLKE
BEASFE S TE SBF W TS HUE (OCP) S [a] (1
KAEML . WNEHRATEH, 86848 Bt IR AR
JG, JFEREIERA THENIER, th3Efke T,
TEMIUEM BE, OGS BE MgZnCa & & I AL IE, it
BE L2 T () S A B T OB . X R IR A A R T A
FBEARFES, WEZE A SUE g/ ¥, K
iR P AR A0 Tt B s 2B, (A A R ) JE R T A
AN, SR EE Ry 20~50 nmi?4,

Kl 11 J& MgZnCa & & [MEE 2 | [ VA 45 RO 15
AFEALTE SBF W IS 1 Bh AL AR AL i 2% . I R
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Fig.9 Surface morphologies of different MgZnCa specimens after immersion in SBF solution for different time
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Fig.10 Time-dependence of the open circuit potential (OCP) curves

of different MgzZnCa specimens in SBF solution

KA AL FE N Mg>Mg> +2e. % 4 2K 11
HH R ADLA 13 30 1 T ok F A7 R e LR B B, DAL
HR V47 5 RS M Uk %R . MgZnCa & &40t
WOt B, XEBESESS, BB ER
60 mV, JEui A L) R R 4 %, s 2R 2 TR
78%; XTLLHEASES S, B ALIER 76 mV, T
RS TR T L ASEH, i od 2 24 FE K 82%.
1t SBF W, a-Mg FEARFNEE — A0 2 8] 0] A A& AR
JEE e, - Mg S5 Ay i ol £ BEAR 5 565 A i JE ok PO B R

-3 As-cast
olid-solution state
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Kl 11 TFE#) MgZnCa &< ahE SBF JR P S FE AL AL I 2
Fig.11 Potentiodynamic polarization curves of different MgZnCa

specimens in SBF solution

#4 T[EHI MgZnCa &1 MmTE SBF AR RIS R ihss
RAE iR
Table 4 Results of potentiodynamic corrosion tests and corrosion

rate of different MgZnCa specimens in SBF solution

. Econ/mV 6 2 -1
Specimen vs.Ag/AgCI leor/<107 A €m™  CR/mm a
As-cast -1313 1.20 0.2618
Solid-solution 597 9.58 0.2088

state
LSM state -1237 2.15 0.0468
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WOG AR kAL BE S R I AR S R R e R, R RA
IR EEN L 5 B R Z S0 AR S B AR 1 MgZin, AH R F
AR RN, PRI T BRI, RE T a-Mg K
AR e BB AN, T AT, SWORIE R S,
GRS B, s TS SN
TR .

MgZnCa &&MEA . [EVE S FIEOGIE S FE M
1E SBF ¥l A i BBt il 12 Fros . i AT L,
3 R it (128 AL BT it 42 40 A7 16 B R A A P WOLIE
B S I MgZnCa & & i i A PR K.
A2 BEAT AR 45 R 5 B F A Al Ak it 2k 1) 45 1 A — S

NT D ERRRIZ Y EIS MR, FEAL T AR N
1) 5 28 L % D S - R R L . 18] 13 O MgZnCa
B & A RIFE G AE SBF VAR 22 I FELBT 1 404 BT FH 45 2%
H% . Hd, RN SBFIEMRMIHEIE, RONE &R
T = A (1) FL A 7 7% T B0 L BEL, Qugp 2 [T 8 7% T 00 P J2
LAY, Qi fl R A JE =W B T B RS A FEBH . R 5
FIH T AR LA R . AERE AR R R, BRI
TP WITE 4 SR AR T AN T SR AN, SR T i A BT ) AL 2
SSLTARATI MR R, 5 805 F ok = 4 ) 31 BEL 470 4H O 1
N 1] 5 40055 ST H A 2 S SR D% (9 BN 1) S0, AR
HEMmAELLX 5y, ik, #ag R erEm. B
YA WE JERE S I RUEA 2194 Q-cm?, T 46 245 BE it F1[F 1%
ARERL ) RABE S 519 1036 A1 1262 Q-cm?. Ry {H A
e 2 B J ol P A R P R A, R o PR S ek e ) A
P28l 3 Rl R, O KRR A R A R,
BH R i R IR0 A T )2 A A o S e 7 THT AR B TR 1
EH
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—A_
800 /,/"A =~ .
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“y 600F 4 N
A
C}o A/A 0000, i i K\A
= 200} / ."' L Solid-solution state \
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K 12 A[EM MgZnCa & 4 Ff fh 78 SBF ¥ (1 FH bk
Fig.12 EIS of different MgZnCa specimens in SBF solution

50 3%
Qfl |
Rs [
Qui
Ry | |
[ 1
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K113 MgznCa & 4 AN A FF 5 £ SBF ¥ 3 A1 28 i FELBT 1% 405 P
FH 1 48 558 F i
Fig.13 Equivalent circuit for EIS spectra of specimens of MgZnCa

alloys in SBF solution

#z 5 AR MgzZnCa &&#mA EISIIEHIE
Table 5 EIS fitting parameters of the different samples of
MgZnCa alloys

Rs/ Qal/ R/ Qfl R/
Qem?® pFem? Qem® pF<m? Qeem?

Samples

As-cast 3231 18.44 1036 1481  210.8

Solid-solution 45 45 1655 1262 1353 1032
state

LSM state 31.64  10.37 2194 11.26 56.16

Kl 14 25 7 MgZnCa & <06 kb 21 AT 5 7E
SBF W B MR B’ A& SBF W il b1 4],
FERINE @RI Mg K RETEER, EhT
K 5 J2 AR T A AR 55 DN B IR AL IR R S BELLE T 5
s A, W B B (T TS P R e o R A Y e B
N

Mg—Mg?+2e” D)
2H,0+2e —H,+20H" (2
Mg®*+20H —Mg(OH), (3

+ Corrosionproduct Mg Mg &) CaMeZn, © Mza,

K 14 MgzZnCa A& BOLIEER IR 5 7E SBF A R MR E -

Fig.14 Schematic of corrosion mechanism of substrate and LSM

layer of MgZnCa alloy in SBF solution
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BT SBF T S HRZH) CI, HEZrR
TRt JE KA T Rl BE S R gk FE 00 3R 47, 87 J ol
FEVIDURRTE R THT, SR SR i) 2585 vl 2k — 20 R -

Mg(OH),+2CI'—MgCl,+20H" (4)

Mg?+HPO,*+OH —Mgs(PO,), +H,0 (5)

Ak, &4FE MgZn,. Ca,MgsZnys Al a-Mg =
MIEAE, HT MozZn, AHE M5 &, 5 e R A7
A BRI . (RAEEEE =T, BT VRN K ik B A 1
MgZn, RFFIECE BT sy, BRAG T E B T R
WK T o-Mg FEAAHEE M, Nimdem 784 &M
J§ b P BE .

3 &£ it

1) MgZnCa & &4 WO ELL 5, PFEFE
A REB, U518 a-Mg . Mgzn, #H A1 Ca,MgsZn;;
M. SHEEME, BWEZETE MgZn, HE & EMN
10.77%F% 4 5.13%, P3RS 5 pm /A 1.7 pm.
2) MgzZnCa & &AL BHOCIEEALHL )G, TER T JE bt
DXL T X ANAGEIE X 3 AN SR EE DX Y R T 1Y)
B9 508 pm, %A AR B S 0 FL IR A SR S0 A Bk o
RN ITE AL NN TR I B
3) KM POLIEEAL )G, MgZnCa & & 1& k= 1E
SBF V& W AR JE v L 7 LU VA 5 5 2 IE A% 60 mV, &
MR LA T 4 £, SRR AR FRKL) 78%, JF Hi
DGR AL LS B A < B A PUIEAR BE K.
4) ZWOCIREAL LS, B SR A ALt N
Bem, Mk T EEE R HREE A 4. MgZn, A
IR RS R RCE IE FEAR T F A R Tk T AR
WL T o-Mg FEVRH 8 th
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Influence of Laser Melting Treatment on Microstructure and Bio-corrosion
Behavior of Mgg;Zn,sCas Alloy

Ding Hao', Wang Guoging®, Qiu An*, Song Jie*, Li Hong!, Ding Hongyan'?, Zhou Guanghong*
(1. Huaiyin Institute of Technology, Huaian 223003, China)
(2. Sugian University, Sugian 223800, China)

Abstract: The microstructure, phase structure and element distribution of the Mge7Zn,sCas alloy modified by laser melting treatment were
studied. The bio-corrosion performance of that in simulated body fluid was also investigated. The results show that a melted layer with an
average thickness of about 508 pm forms on the surface of the MgszZn2sCas alloy after laser surface melting treatment; the average grain
size of the melted layer is about 10 pm. Compared with the as-cast and solid-solution treated alloys, the corrosion potential of the melted
layer in the simulated body fluid positively shifts 76 and 60 mV, respectively; the corrosion rate of the melted layer reduces by 82% and
78%, respectively. The oxide film on the surface of the alloy is denser, which improves the corrosion resistance of magnesium alloy at the
early stage. With the decrease of MgZn, content and the size of the second phase, the degree of galvanic corrosion reduces and the
corrosion of a-Mg matrix phase is inhibited.
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