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Abstract: A remelted layer on the surface of a degradable Zn-1Mg-0. 2Fe alloy is prepared via laser remelted
technology,and their microstructure,friction and wear performance, hardness,and corrosion behavior of the remelted
layer are evaluated systematically by OM,SEM, XRD), high-speed reciprocating friction tester, micro-hardness tester,
electrochemical workstation and immersion test. The results show that both the as-cast and laser remelted samples
are mainly composed of o-Zn matrix phase, Mg,Zn,, , and FeZn;; . The laser remelted layer is denser than the
substrate of Zn alloy, and the second phase of FeZn;; also tends to be round and thin. The friction and wear tests
in Hank’s solution revealed that the laser remelted sample shows a lower friction coefficient and wear loss than

those of the as-cast sample, with coefficient of friction of 0. 821 and wear loss of 1. 7 mg. The corrosion-wear
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mechanism consists mainly of plowing and slight abrasive wear. The average micro-hardness value of the laser
remelted sample is 104. 3 kg/mm? , which is increase of 15. 2% as compared to that of the as-cast sample. Laser
remelted sample exhibits more positive corrosion potential, lower values of corrosion current density and
corrosion rate than their as-cast alloy counterparts in Hank” s solution, with corrosion potential of —1. 030 V
vs. SCE, corrosion current density of 37. 4 nA/cm®, and corrosion rate of 498. 0 pym/a. The degradation rates of
the laser remelted sample after immersing into Hank’s solution are 39. 2 pm/a for 30 days and 28. 7 pm/a for
90 days, which are 9.4% and 3.7 % lower than those of the as-cast sample, respectively, exhibiting better
corrosion resistance.
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Fig. 1 XRD patterns of Zn-1Mg-0. 2Fe samples before and

after laser remelting
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Fig. 2 SEM image and EDS analysis results of as-cast Zn-1Mg-0. 2Fe sample: (a) SEM image; (b) EDS analysis results
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Fig. 3 Microstructures of Zn-1Mg-0. 2Fe samples before and after laser remelting: (a)as-cast sample; (b)laser remelted sample

2.2 BB AIEN Zn-1Mg-0. 2Fe & & EEBE

53 1% BE %2 M

4(a) HWOCIEBERT G Zn-1Mg-0. 2Fe & 4 1
Hank”s SR I BE#E R A k. NI 4Ca) th
ATRVR B, 200 T AR AW Zn-1Mg-0. 2Fe 45 42
TETE JE 53900 300 010 P 452 R B Bh K . B I () ) B
e, 1RE 10 B 452 2R B0 I 3 i A B 08 . 2 4
500 s JE AR BRI RBUEA G MR E . HAh O
F BE A AN T 8 A5 R B AT SE RS S 0 SE AR A ) B

BARE K 4 il fE Hank” s W5 W e 482
3 S 6 A5 3 1) JEE J AR B 4T Ok ORI I A
fH. %4 Zn-1Mg-0. 2Fe il B 19 FE 45 2 0 H1 S 401
A E A R (1. 28840, 149) f1(2.3+0. 1) mg.
283 WO I B AL BT VO e R KRR A X TS
R H A T Y P A R BRI Bk T L A3 Gk
F]T(0.82140.186) (1. 7+£0.1) mg., HIL. %
K BE AR A X T 5 A RE LA A Y T
RE. ILAh . B A O B R 1 O 34 o SR



42

e &R TR

%1%

A3 RIR(90. 542, 4) A (104. 3+2.0) kg/mm?*, [
AC) 4D 43 3] kg 5 25 TG B Zn-1Mg-0. 2Fe
AR B e T SEMUJE S . A 4o F 4 ()
A LU ) fE Hank”s ¥ W H 647 B8 82 5 i J 1R
P72 LR A R T Y 2R I AR AE /D R R B DA KL
JE AL A 3 TUF- AN ARG B P 4 () ) B R A1 320
GAFTE R AT A B IR A . B SR

1.6
18 (a) As—cast
Laser remelted
1.5F
1.2
E12p E
g =
oot o8
ks g
£ 06f £
0.4
03F
1 1 1 1 1 0
0 100 200 300 400 500 600
Time/s

300im

4
(D) EERY EREMNTEEE; (c) EMIKEHSIXE SEM B&; (d) BRLH EHL B EIXHE SEM

Fig. 4 Friction behaviors and micro-hardness of Zn-1Mg-0. 2Fe samples before and after laser remelting: (a)friction
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Fig. 5 Corrosion behaviors of Zn-1Mg-0. 2Fe samples before and after laser remelting in Hank’s solution:

(a) potentiodynamic polarization curves; (b)degradation rate after immersion for 30 d and 90 d
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Table 2  Electrochemical performance parameters of Zn-1Mg-0. 2Fe alloys before and after laser remelting in Hank’s solution

Samples E. (V vs. SCE) Teorr /(pA + cm™2) R,/(Q+cem™?) Veorr /(pm = a= 1)
As-cast —1.05240. 049 49.74+0.8 524.948.4 638. 6410. 3
Laser remelted —1.03040. 037 37.47+0.5 691.249.2 498. 046. 2

Zn, Mg Fl1 Fe 0 &K I br E B 4% 1 07 53 51
—0.762,—2.772 F1—0. 447 V', [{ ¥, Fe 7t Z M
XPTF Zn B WOE 09 R A7, AR R TR 5 i 7 B
W Fe STTERMM AR ZAE Zn A 4 00 J5 b i 47 T =
{HIE T Fe LRI K B ZE | T AE o Zn J 1A
Hh D [ A 6T A A 1 S ke S B A R .
1 71 XRD K% AT F1. Mg Fl Fe LR 5 Zn LR F
B Mg, Znyy Al FeZnys 1 A0 S 101 55 Z A0 X5 4 8 1k
11 R R ) = R R . A e M
B AR Hy T e 52 A [R) 25 T OB R Wt S . A
BEG AT A — AR B . 5 o Zn FEAKAAFAE
FEL A7 2 T TR B PR b S NG o B A T e, AR AR
SHheMHALE A F, HFA KNG &AL T E
THAHRI S AAE o Zn Fh AL A EB A AE

5y T o Zn FEAAHIE U L BV L S 1 4 1) i
EIPERE . M WO BEAL LS . & & FeZny,
55 AT N A AL . Mg, Zng, A7 A BT D X S 80T
R R 37 1 DX 9% 2 o DA T 79 A T ) i i Tt e 1 A
X T EE S I TS L R O B R R
B S ) T el P E

3 %

D i i REMOL X Zn-1Mg-0. 2Fe & & 473
T AL P, B 25 A0 I BEIFE 3 1 o Zn SR
Mg, Zny, Fl FeZn,, 55 A48 #OEHE BEZE 1
TROWL 235 A 2550 R AR 50280 505 O e 00 R R A A e i
2 JEE 45 400 5% I 2 R R W OB I BE R AE
Hank”s 7 80 A0 T 85 25 50RE HA AR A BE 45 R



44

A6 sRE LR

B %

BORBE IR F L 0 BRH] T 0.821 il 1.7 mg., Ji§
o s 45 4 B 2R S S R I R RO B R S
TR R I 3 5 R 3R T O B R 1 7 38 AL
R P AR 55 SRR 4R T T 15, 224,

3) AL AR 45 R R L SOL R BEAL B4R T

T Zn-1Mg-0. 2Fe &4 7E Hank” s ¥ W& H (14 T J& 1 1
B o WOCHEBEIRURE 1 JE ot r A7 L5 ol P, 3 988 32 RS ol
R 4y F) O — 1.030 V vs. SCE, 37.4 pA/cm’® Fl
498.0 pm/a,

)BT EE R R W] WO AL A BT

fik Zn-1Mg-0. 2Fe & 4 1F Hank”s % WK H i 2 1 3
K, WO EEFE7E Hank s %W 1932 1 30 Al
90 d B A A R A3 500 g 39. 2 Fl 28, 7 pm/a BE DS
A B AR T 9. 4% F1 3. 7%,

CEPd

(1]

(2]

[3]

[4]

(5]

[6]

7]

[8]

STAIGER M P,PIETAK A M, HUADMALI J, et al.
Magnesium and its alloys as orthopedic biomaterials; A
review[ J |. Biomaterials,2006,27(9) ;1728-1734.
GRAY-MUNRO ] E, SEGUIN C, STRONG M.
Influence of surface modification on the in vitro
corrosion rate of magnesium alloy AZ31[]J]. Journal of
Biomedical Materials Research Part A, 2009,91(1).
221-230.

WAKSMAN R O N,PAKALA R,BAFFOUR R, et al.
Short-term effects of biocorrodible iron stents in
porcine coronary arteries[ J]. Journal of Interventional
Cardiology,2008,21(1) :15-20.

MUELLER P P, MAY T, PERZ A, et al. Control of
smooth muscle cell proliferation by ferrous iron[]J].
Biomaterials,2006,27(10) : 2193-2200.

TONG X, ZHANG D C, ZHANG X T, et al
Microstructure, mechanical properties, biocompatibility,
and in vitro corrosion and degradation behavior of a
new Zn-5Ge alloy for biodegradable implant materials[]J].
Acta Biomaterialia,2018,82(5) :197-204.

GUO H, CAO R H,ZHENG Y F, et al. Diameter-
dependent in vitro performance of biodegradable pure
zinc wires for suture application [ ] ]. Journal of
Materials Science &. Technology, 2019, 35 (8):
1662-1670.

TAPIERO H, TEW K D. Trace elements in human
physiology and pathology: zinc and metallothioneins [ J].
Biomedicine & Pharmacotherapy,2003,57(9) :399-411.
CASHMAN K D. Milk minerals (including trace

elements) and bone health [ J]. International Dairy

Journal ,2006,16(11) :1389-1398.

(9]

[10]

[11]

[12]

[13]

(16]

[17]

[18]

[19]

(20]

I, B BT AR Zn-Ge & 45 i £ B AR W A 25 1L RE T
FELD]. W R K24, 2019,

TONG Xian. Preparation and biocompatibility of novel
degradable Zn-Ge
University,2019.
KAUR K, GUPTA R, SARAF S A, et al. Zinc: the

alloy [ D]. Xiangtan: Xiangtan

metal of life [J]. Comprehensive Reviews in Food
Science and Food Safety,2014,13(4) ;358-376.

ZHAO L, WANG H., HUO K, et al. Antibacterial
nano-structured titania coating incorporated with silver
nanoparticles [ ] ]. Biomaterials, 2011, 32 ( 24).
5706-5716.

R LR . AR R AR AE B A 4 T T b Y R
AT MR 542, 2012(5) :113-116.

SONG Qiang, QIU Xingqi. Application of high energy
beam in surface modification of magnesium alloys[]J].
Materials Review,2012(5) :113-116.
RN BB FAA L AR BRSO EEZ B A
SrieL]. 1 FH 06 . 2013,33(1) £ 34-39.

GAO Yali,JIE Meng, WANG Cunshan, et al. Analysis
of the microstructure of laser melting layer on Mg
alloy[J]. Applied Laser,2013,33(1) ;34-39.

ASTM G102-89: Standard practice for calculation of
corrosion rates and related information from
electrochemical measurements[ S]. ASTM, 2004.
ASTM G31-72: Standard practice for laboratory

immersion corrosion testing of metals [ S .

ASTM, 2004.

OKAMOTO H. Phase diagrams for binary alloys[ C].
Newyork : Workshops on Abstract State Machines,2000.
KUMAR S,CHAKRABORTY M,SARMA V S,et al.
Tensile and wear behaviour of in situ Al-7Si/TiB,
particulate composites [ J ]. Wear, 2008, 265 (1/2):
134-142.

TR TR L. B B AT g KL S R R LT ] S ok
Bep 5 R AR . 2015,27(1) . 78-84.

ZHANG Xin, ZHANG Kui. Research progress on the
corrosion behavior and mechanism of magnesium
alloys[ J]. Corrosion Science and Protection Technology ,
2015,27(1) . 78-84.

B, 2= 22, K. Ak BE X Mg-10Gd-2. 5Nd-0. 5Zr
& A L ZUR PR Pk R i 5w [T b = ok S R
% ,2016,36(2):143-149.

MA Xu,LI Quan’an, JING Xiaotian. Influence of heat
treatment on microstructure and corrosion resistance of
Mg-10Gd-2. 5Nd-0. 5Zr alloy[]]. Journal of Chinese
Society for Corrosion and Protection, 2016, 36 (2):
143-149.





