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Study on laser surface melting treatment and properties of ZK60
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Abstract: In order to improve the corrosion resistance of ZK60 magnesium alloy, laser melted layer
was prepared on the surface of magnesium alloy by laser surface melting treatment. The effects of scan-
ning speed on the morphology, microstructure, microhardness and corrosion resistance of melted layer
of magnesium alloy were investigated. The surface and cross section morphology, roughness and micro-
structure of the melted layer were observed and analyzed by optical microscope and X-ray diffractome-
ter. The microhardness of the cross section of the melted layer was measured and analyzed by micro
Vickers hardness tester, and the corrosion resistance of the melted layer was analyzed by electrochemi-
cal workstation. The results show that the laser surface melted layers with thickness of 100—180 pm are

formed on the magnesium alloy surface. The thickness and surface roughness of melted layer increase
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with the decrease of scanning speed. The melted layer is composed of fine equiaxed crystals and radial

columnar crystals with a grain size of about 1.5 pm. The microstructure of the melted layer consists of

a-Mg phase and MgZn, phase, and its microhardness is 33.7% higher than that of the matrix. When the

scanning speed is 25 mm/s, the corrosion resistance of the melted layer reaches the best. The self-

corrosion potential of the melted layer moves 0.118 V forward compared with untreated magnesium

alloy, and the self-corrosion current density decreases by about 2 orders of magnitude compared with

untreated magnesium alloy.

Keywords: ZK60 magnesium alloy; laser surface melting; scanning speed; corrosion resistance
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Fig.2 The morphology of laser surface melting treated magnesium alloys at different scanning speeds
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Fig.3 The 3D surface morphology of untreated and laser-treated magnesium alloys at different

scanning speeds
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Fig.4 The microstructure of untreated and laser-treated magnesium alloys

at different scanning speeds
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Fig.5 XRD patterns of untreated and laser-treated

magnesium alloys at different scanning speeds

95
90 \ -1
FAHE S/ (mm-s™)
. —— ZK60
>d i —o—35
al s
;%(T —v— 15
= 5f
i)
70
65
60 L 1 L 1 L 1 L 1 L 1 L 1 L 1
0 50 100 150 200 250 300 350
PR A FE B/ um
Ee6 FRAEMAEFEFAMBEERNAREMBRLEES
MEE B REE

Fig. 6 The cross section microhardness of untreated
and laser-treated magnesium alloys at different

scanning speeds

24t SAS 20 A i A7 £, A0 6 ol A
i N TR . LR, RAL L ZK60 B A 4 1)
LA 29 -1.478 V, S ROGR A BEL IS 85
S VR VEIZ I 8 Tl R 7 1) E RS Bl 1 el e I
FEAR/IN G A AR R A A TR 1 1 ok LA T
FI ok L % A B, R R TR] S ik
FL A7 ) 1 [0 % Sl A I 82 L 1 S ol Pl % T R 1
JERIARAIE o 24345 Bk 25 mm/s BB A 4 A
BEZI E S M A 2 -1.36 V, X T RACFREE &

SIEMB ST 0.118 'V, [ JE il B i 28 FE AR X TR
Ab HREE G A FRAR T 24 2 B0t 9, Tt I ik v 5k 3
A

T (mm-s)
—e— /K60

——35

EN(vs. SCE)
T

——25

— i1y

.18 1 1 A 1 . 1 i 1
-7 6 -5 4 -3 2

log[J/ (A - cm'g)]
E7 RAEBEMARAREEHLRELEESEEIS
wt.% NaCli& iz H AR 1k, i 2%

Fig.7 The polarization curves of untreated and laser-

treated magnesium alloys at different scanning

speeds in 3.5 wt.% NaCl solution

R1 BEEEHE3Swt% NaClABRHRWBEBHBAMEE

MEREE

Tab.1 The E,,. and i, of magnesium alloy in 3.5 wt.%
NaCl solution

Ab PR %A E,./V(vs. SCE) i/ (A-cm?)
Joab 3 —1.478 3.268x10°
35 mm/s —1.419 8.275x10™*
25 mm/s —1.360 7.382x107
15 mm/s —1.384 2.226x10"
3 #ig

(D PO BEL AT & S RTEIE L T JEE 2
100 pm~180 pm Y JA&E)Z | 4 E )2 J5E 3R DR
i J3E I 1 R A T 15, 4 4 4 R 25
mm/s 6, BE G 4 R B A WS BUR I EE)Z K
iR /s

(2)J5 858 )23 Fh /N 352 s AR RAT AR A 2L
fmcbE RSF 2 1.5 pm, XRD 45 5 R 6 5E 2 B9 AR 41
A a-Mg FH AT MgZn, 1, i A0 BE LY BeARHE = T 24
33.7%.

() POCIEBEAL FRER 25 186G 4 M Tt JE Tl , >4
FHG L 25 mm/s B, BE S G A R 1 [ R ko



2023 47 H

LR R

W45 % 5 T WA 364 ) - 67 -

PEAH LR PREE A S IE M sh T 0.118 V, [ & 1th
FEL I 28 EU AR Ab BB & G BRAIG T 29 2 B0 42, it

JE il ik B A A
S 3k

[1]

(2]

(3]

(8]

(9]

[10]

(1]

Kumar D, Phanden R K, Thakur L. A review on environ-
ment friendly and lightweight magnesium-based metal
matrix composites alloys[J].
Proceedings, 2021, 38(1): 359-364.
S SO, RPER], TR . BG4 AR B 4 v A AR AR
L UIRE W Z BN VR R[], BB SRR, 2023, 45(4):
70-76.

skaty, ERI, 8, 5 MR EES 4 Mot ik
g Bk [I]. fizs Hild B R, 2023, 66(6): 85-98, 118.
WD, BRI, Tk S | B 4 3R 1R £ 5 PAT ol AL JIE
B JE b A3 A T R (D], HELBE SRS A, 2022, 44(1): 57-62.

Esmaily M, Svensson J E, Fajardo S, et al. Fundamentals

and Materials Today:

and advances in magnesium alloy corrosion[J]. Progress
in Materials Science, 2017, 89: 92-193.

Fh7H, A ATE, 5 BRRLEMN AZIID S
< BB S A s 2 B 1 S W) (0], vl B S5 A i, 2023, 45
(4): 26-30.

Arrabal R, Mohedano M, Matykina E. Electrochemical
surface treatments for Mg alloys[J]. Encyclopedia of
Materials: Metals and Alloys, 2022, 1: 87 - 112.

R, B E, BRI, A5 . OISR AL P X AZ31B B
G T 5 ot R T JE ok 92 55 M R A S el [0, 4 R b 3,
2022, 47(8): 257-265.

X dh, AR R, VR AL, 45 . AZ3IB BE A 4 R RS AR
A B 1 o] 45 R P REAIF 9T (D). P B S5 05 1, 2023, 45(1):
39-45.

R, T OB, oK M EE . IR 5 0 BE G 4 45 R LA
it P P B SR []. FL S 1, 2022, 44(12): 46-53.
R, WSO, WG 2%, 45 WOLKEBE 316L AN MY

[15]

[16]

(21]

[22]

PESEF BRI ST [J]. BTG, 2022, 42(5): 129-134.
FTHE, SR, PER . WO BEAR N H SR 5
PERE[)]. WOt 5ot 27, 2021, 58(19): 257-264.
T, EREK, L%, 55 Ok 2 G BE AL P
Mg, Zn,Ca, 75 45 0 S SURAE W) 8 1l A7 4y 19 52 i ).
A 4B RS TR, 2021, 50(7): 2486-2494.

Rakesh K R, Bontha S, Ramesh M R, et al. Laser surface
melting of Mg-Zn-Dy alloy for better wettability and
corrosion resistance for biodegradable implant applica-
tions[J]. Applied Surface Science, 2019, 480: 70-82.
I, T3, PSR AZ3IB B A 4 CO, SRBDE
W B A TOUL AL 2155 I AR BE (0], RO, 2014, 34
(4): 294-298.

Cui Z Q, Shi H X, Wang W X, et al. Laser surface
melting AZ31B magnesium alloy with liquid nitrogen-
assisted cooling[J]. Transactions of Nonferrous Metals
Society of China, 2015, 25(5): 1446-1453.

Zeng C Z, Shen J, He C, et al. An ultrathin melted layer
on magnesium alloy manufactured by low power laser
[J]. Materials Research Express. 2019, 6(6): 066527.
Dy, SRS, B, E L RO S S B E A
K g5t M[I]. BT RE, 2017, 45(12): 1-9.

TRARHE, A, Hol . BES B HOG B O A Y
O ZVRI ph PEREL)]. APEHASF, 2017, 50(2): 5-9.
Liu C C, Liang J, Zhou J S, et al. Effect of laser surface
melting on microstructure and corrosion characteristics
of AMO60B magnesium alloy[J].
Science, 2015, 343: 133-140.

Aulakh S S, Kaushal G. Laser texturing as an alternative

Applied Surface

to grit blasting for improved coating adhesion on AZ91D
magnesium alloy[J]. Transactions of the IMF, 2019, 97
(2): 100-108.

VEBR, 17 20T . OG0 B2 X B 15 4 L SN AE FI R A
W52 W [J]. O 5ot S i R 2020, 57(15):
117-123.



