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Abstract: Magnesium alloys are one of the most promising lightweight structural materials, but the poor corrosion and wear
resistance of magnesium alloys restrict their applications. As a surface modification technology, laser cladding can effectively
improve the surface properties of magnesium alloys because of its unique high efficiency and metallurgical bonding of coating
and substrate. Due to the characteristics of magnesium alloy, laser cladding process parameters and material selection are of
vital importance to improve the surface properties of magnesium alloys. The influence of laser cladding process parameters
(laser power, scanning speed and wavelength) is discussed in detail, and the main material systems for laser cladding of
magnesium alloys are summarized. In addition, the development and status of laser cladding for magnesium alloys are dis-
cussed, and the main problems of laser cladding for magnesium alloys are put forward, the future development is proposed.

Key words : laser cladding; magnesium alloys; material systems; process parameters; development trend

1 81 B
W E. 2024-10-19  {EEEH. 2025-02-05 B SN 21 4l i BT & g A, v
HESE, BT A A BAR BRI ARIIF L % 2 4 0% 4 Ve ) “opEr TRMRZ - EATRE R ENE . W
i H (2023-KYYWF-0122) T, HHMBFHER FEEREE, B2 EME Ll
E—EE: RIS, B, 199244, TR, AR, RS m /N, TF I B Y R A
Email: jlp18845109758@ 163. com ORI, EAZS iR A 2 AR A5 302 i 1, 3

DOI.

10. 7502/j. issn. 1674-3962. 202410014

T AAESE | REARAESE . R SIHLGLIR A BeAh, BEA



5511 4 LM

EA G R MBOCR T TS BUR 5 A a3 997

AL B FELRE R M RE M BELJE 1k BE A A £ 4P 45 5 A e
M 7 T HA —E LS, P, BEEaTE 3C il
BET 2B, B RR T HATBEA e Tk
SRR HBLR, R B il e S K an i, AR
TIRURURA, e TR IR R ENE, A, BEA

]
(
hibi

Seat frame

O
O

Engine block

Magnesium alloys

SRR Pk B A T B A AR L I I BR
TR AR, RS AR, R, BR
i R JRE RS 22 F) T 5 A A ™ S BR A 1 A Tl
() HE— 2 B A A SR

Steering wheel frame

Camera frame

Heart stent

~ Computer casing

P BES A Tl U v

Fig. 1 The application of magnesium alloys in the industrial field
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Table 1 Comparison of the characteristics of common surface modification technologies for magnesium alloys
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Laser beam No deformation 0.5~1.0 <10% Metallurgical bonding 0.20~3.00 Green and pollution-free
Chemical plating No deformation <0.1 — Chemical bonding <0.05 Toxic, harmful gas emissions
Chemical deposition Deformation 0.2~0.5 — Chemical bonding <0.05 Toxic, harmful gas emissions
Micro-arc oxidation No deformation <0.05 — Metallurgical bonding <0.15 Toxic, harmful gas emissions
Cold spraying No deformation <5 — Mechanical bonding 0.05~0.50 Noise pollution
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Table 2 Laser for magnesium alloy surface engineering

Laser type Applications Magnesium alloy type Ref.

€O, ( TJ-HL-T5000) Cladding ( preset method) AZ380 [37]
5 kW CW CO, Cladding ( preset method) AZ91HP [38]
5 kW CW CO, Cladding ( preset method) AZ31B [39]
10 kW CW CO, Cladding ( powder feed) MEZ [21]
5 kW CW CO, Cladding ( preset method) GW103K [25]
5 kW CW CO, Cladding ( powder feed) Magnesium [27]
4 kW CW CO, Remelt (after plasma spraying) AZ91D [7]
4 kW CW CO, Remelt (after deposite) AZ91D 18

6 kW CW CO, Remelt (after plasma spraying)

Nd : YAG Cladding ( preset method )
Nd : YAG Cladding ( preset method)
Nd : YAG Remelt
Nd : YAG Remelt
Nd : YAG Remelt
Nd : YAG Remelt

89.9%Mg-8. 57%Al-0. 68%Zn-0. 15%Mn-0. 52%Ce

AZ91D
AZ91D

AZ91D

AZ91D

[18]
[24]
[40]
[41]
WE43/ZE41 [22]
[42]
[43]
AZ91D/AM60B [44]




55113

LN BEE SRMBOCE B I IR K R %

1001

F BRI R WA B2 AP SR A G, R ROL IR B
(R R LN V@ A R N (Y N AL
X, Wi R O by i U B R N L SUR 2 2] HEUH
PEASF, TERALIR SR GREE ™ B RER BB T 2380
Ptk D 1 4 e A A v SR B AR R R, e AE
LT ASH, mE, MR 3) R

Sl
- S, +S, (3)
o, s, B RIRE TR s S, Dy RER R E 7 i)

R, WnlE 7 o, S, S, n gl il 2K (4) M (S)
R

S, = {[(W/2)* + H}]/2H,|* X arcsin| W x H /[ H; +

n

(W/2)* ]} = W[ (W/2)* - H;]/4H, (4)
S, = {[(W/2)* + Hy]/2H,}* X arcsin|{ W x H,/[ H; +
(W/2)* 1} = W[ (W/2)* - H:]/4H, (5)

o, WOREEIZ IR, H, W, H, W, S
H(3) ~ 2 (5) AR IR RERAEAT AT, a4 R
TESHFRBENRRR, TEERT LS50,

w
2 H,
81/ H,
Matrix

K7 REmBERITTRRER

Fig. 7 Schematic diagram of coating dilution rate calculation

K THRERBR SO R, AMEEN KR, &
AL A O SR AR B AR I T IO T SR R 8 3 X
IRBZMBERNE W, B9 E B, YBOLT % — g,
i R 23R 48 o T N T R R YR U —
Bl BOCIIR AR, RE R ARG, R SR 2 3
T 2R T X6 ey 23645 4 i o X R 3R 5 ) ) 54 557
2 A 2R JH I 38 S 30t B 43 BT 38 0' T 36 455 40 e o
ISTZ IR | 15 58 FAR BRI SE R, R IO T %t
i R 38 A R M g R, T 0 8 8 o v P S i e K

Tgnat 2 X R BER SO T 2282 MR X R T
THEFE, TR R %8 7 26 WE43 Fl ZE41 PRk
GEMITHOCEE . WS T ESET ZE41 T
B E AL AT Ak, A3 ] TG A (K 8b) . 5
ZEAL MY, WE43 BEM S5 )2 A mb R —Lx R
(&l 8a M1 8¢c), HARMALIGIHFR T LR, HFH 2800 [

FEAE (K 8d) , X TR A AR R 2 S,
WE43 [ S8 L ZE41 IIRFIA% (51 5109 W em™-K™")
YR ] B s R I, WE43 | T 77 A 1 b 1 fig
WL MR T m, [FIR, 882 R R
FIKF-FHT BB L

H Coat-layer

Coat-layer:

K Porosity /
.
3

Substrate

2 Coat-layer S8

Bl e, T
\\mnyf

B Porosity ,,‘

Coat-layer

8| Cracks ]
7

Substrate Substrate

B8 ZE4l(a, b)Fl WE43(c, d)Hefh 52 mimonss i 7
Fig. 8 Interface microstructure of ZE41(a, b) and WE43(c, d) sub-

strates and cladding!*’]

Li b, BEGERMMOLR AR U 4 R T
JETIER | P FDCRE BAR SR, T LU xR
TSR A AR 1 B2 B B R LR 231k
JRIEAE A, LI RO, IR IO R
BRI,

3 BEEREHNBEMBMER

TEEGERMPOUEHE T, BT TZS800, Eak
BB IO RE, B HE B2 A IOULEs + A g
DTS EEAER], K9 B2 T~ SR MO
BEH IR RL) TR A AL e KA AR, 25
MIERZ BT EEE T THREG SRR, R, 1k
A RS SRR RO T RER SR EHOLE A,
HR TR LR EZVITHGEA IR, MIXTTHES SRR
HKUUAIE TIRRO B, R HATRULEL, RS S a2
ik Ey, AR R a SR BA G RO A
TPRPERE, HARME SRR BT E 2, B2
Jedh, XHEFBEIN T Z20RES, Z4Uia el sz A%
Y Rt 2 e P R, R B < R RIS 1) B 5 1
o P, TS A R WA TEREIL 5 i O L A Uk
JZ, AERPRHAR R BB D5 T R — A AT
3.1 RBEMRLHRM

WBLUZ AP RUE T 53R ARV LG RS O LI B
RETR NN —, NI, MR R B I L=



ol o ™ N
1002 rh b R 4445
1000 ==
o \Ternary-alloys B Al-alloys El 50 = Alalloys El
900 1 (® ) : rGersniiey ) L) ® Al+Ceramics
\p \ Amorphous &
N Amorphous ¥ HEAs Amorphous
8004 . ¢ Ternary-alloys £ 40 v Stainless steel
E Ni+Ce 1‘4\]“,“ =5 / <4 ]\{{ulticomqonent alloy| 5 ¢ Ternary alloys
z 007 2 B Ni#Gersamics i < Multicomponent alloys
k] { -
£ 6004 «—Multicomponent alloys ESO- A " Al+Ceramics
; 3 g
_E Al+Ceramics g mor}x U
g 5001 < 204 \ h-allovs  Stainless steel
= - 2
= 400 5
]
300 O 101
200 - _ N
Al-alloys 0+ —
Multi-element alloys
100 T

T T T T T T
14 -12 1.0 08 -0.6 04 -0.2 0.0
Potential/V vs. SCE

Ko BEaRMARMEREOEEE R 89 R MBI (a) TR AL ZE (b) P45 2R

Fig. 9 Test results of microhardness (a) and polarization curves (b) of laser modified coatings of different materials on magnesium alloy surface

SR B 0 R DL R, O 5 B0 Sk
Q HEAERA REFIIEGEN:; G 5EAMIESEAHIE,

TEREPRIR AP RLE, B 5E07 2% JER R 45 6 5 R 1A
SEAE, JUHEN TR A BRI EES 4. AWEEM
BHIE A, DR PRER R RE RO, A 23l B
BAWEERmRE, MERRZENMRE, WAL R
a AMELUB LIS BIA ), S B0 A 2 R AN E S
BRI G . DRI, B G 4 3R TN HOGE B0 S B0 ni A
IR A SENIEEM R, TEREEY 1 AZ3 A4
FREHOLIEHE Ti-C-AL, JFRIGE T AL & XA E 2P
2, FRAEBL, M Al SR, BEZNRE
N, SRR RIANE, JI R B R GE, RE S
BORE R GRS, PR BE A & WO B0 SLAE
BHAR, (AL 2 PERE AR X B 22, 78 $8t e B 5 4 f 182
it B 1k R VR A B, iR T I B BT M R R 4
PRAHOC AR L2,

TEHOCE B FE b, BIA B S Be ik 2 R AL
N, FATEAHEY L, M B R SAE B R, X8 T
SR, N R S OR A | B T R B DL R
EARX, WEMETHESEM S B TRESE, &K
JIW S AFAEZE S, DA 5 M) 475 7 Aol R v 0 7 2 X AR 1Y
W, Ak, B S s e, Rk m
AL S R, SEUSEZERL . Bk, &
XEEG AT R E AL, s AR SR8, 507 BTl
TERINA— 200G P A, 3 AR T M

WOCR LRI 1 97 90 PR 7 3k R 5 30 A 2
HRAREE SRR, RRARED R,
BHIZFREESIMN S o HX, o ATHK(6)THE.,

o = EAaAT (6)

-y

b, EFOR R Aa Fom MBS JE IR B B2

IKZFZ 2%, ATRRGERBESERZ2Z, vy ®mH
Watl, FTLAE BN I R/NEEE Ae 15, HIL, #
PRGBS, B E e Bk R S8 G SR
IR RHA R
3.2 BEMBMER

EROCRE SR, BE RO AT T
S, WSUTRESES & DINISEMEHERA G, IKHE
PRI BERR TR G2 LR IEISN, BRI R EMA R A B
IPEREIRS ., BEEHEA SREBOUEEBE RN E R, KE
MEELMNB—Raie)E ., —Iih4e. MERERER =
LE4A. EMEE . RRESUASREZARZ.
3.2.1 A AbekE

Al [ 15.(660 °C ) 5 Mg BI15 15 (648. 8 °C) #2lr, [Al
Ak S Mg A 4 v AR BT JE) 2R 4 T i i n) > IR, A
ZIOtH AR AL WSy, BET, CAKREZR
W& FI AR B R AN Al SRR TTREH AN AT
AapRmmi, Hea, FELLALS BN E,

(1)ALSi 54 %2

BT AL-Si G & ME R 58S S&NE S 2ZRRN, |
WE R R BT /030, ALSE IR Ik R 3 N
2.4x107°/C, BEA LAWK RELA R 2.5x107°/C,
Jik, FEMFRE SO TS &R EH S 2 A R
THOUL 45 F 1 2 PEREBY AL-Si ¥R )2, Zhang %57 7E Mg-
6Zn-1Ca PG SR MBOCIEHE ALSI By, FRITA [FH 43
JEXTIRZMEREE W, TR ERE 2R E RS
HIAEAE ELERRLZR AL, Mg-6Zn-1Ca &4 Ao TR b 14 01 A 38 24
HEN B ERE, Lei Z5V7E AZOID BEA SR T Al-Si
AR, RETEAERFARESEANEE LRE.,
L Z, WmE 10 Frs, 1z 2 TE BRI Mg,Si,
Al, Mg, JE0R FER IR AL Mg, AR JiE 38 i A AR #Y



55113

LN BEE SRMBOCE B I IR K R %

1003

a-Mg [EVAER . ASFL ) B BROR Mg, Si A8 A1 B BIR 3E 5 (-
Mg+Al,Mg,, ) 20, flfi138 F) FH Thermo-Cale X 14 )2
FIAHAM . AR BRI A R A A, TS R 5908
SRR A, XFERRSEEIHE IR B A T
BTEF AERE RO MR 2 A 251, Chen 457 LUK
[) RO G 5 T3 BE X Mg FE 1) Mg-Gd-Y-Zr &4 7E4T AL-Si
WARBOCEE, SRR, WOLBEZ B
Mg FERH ) Mg,Si, Al,Mg,, F1 AL(Gd, Y)H, #O6kE
BRI R BEBEE R B A AR B I, B -G 4R
T PR REAS B A R B |

10 AZOID £ 43I ALSi MOLK B2 MWL H S . (a)
EZE, (D)IEZ

Fig. 10 Morphology of Al-Si laser cladding on AZ91DP
per, (b) bottom

(a) up-

Rl X EE A AR IMOCIE E AL-Si IRZMIRATFSR,
WFIEEN L IAE AL-Si IRJZER R P B ARG -0 E 1A R0L
LWRIANREARTERE, Oy — 7 TR T R i)
ARG T S s 53— D7 TR 00 2 RV A R
AT BUBT ISR A . Gao %5 1E AZOTHP £E4 4 K1
%%%TAwﬁiﬂmxgﬁxxﬁ%ﬁﬁ».#%%T
AR CT Z X R 2 i ke RE AR, TR oE kB, @
T A TR DR R U 2 A AL A e A i A (1R 1) mT
BOETP R R 2 RBORZ WM RRRM, =4 T KER
a-Mg, BUIRHL AT 22 85/ 9 4 ) 1) Ak & 90 1 R 7 14 ok
Xf, Hk, ARRiARHL, SRLEE BRI, S EPAAR G
ARCE RGN, Wan 259 F1 Zhang HEEARRISES &
M AL-Si-Y,0, Bk, WFRT Y,0, &wxhRZ R
S, BEIEAREL, Y,0, MVRINECE T IR Z MR TE S,
LT kL, BER S TIRZMMERE. BEE Y,0, R
TN, VR R S B W AN IS A M B ARk, 3 IR
TRV S A 1 26 B0y S 14 5 5 D 557

(2)Al “TTEE%Z

— U T B A R A AR I A AR )2
Gao %M E AZOIHP BEA & R WG Al-Cu 54, K
1Y AlCu, 1 Mg,, AL, fkiig A Al-Mg FE{RrR | 255 T %

O e
cladding Mg
layer
! # # Laser \
(21,0 12¢ — 20H +Hy | 2HzO +2e &= 201T+ﬂz cladding
—_—
Suitable
power
Nac —— i [d] [c]
Cr Cr -
Dilution rate increase High
Coarse grain power

B 1L B A &SRR Y,0, MARY ALSI IR Z R AL S hiuR 5| 7

AR, () RZH A L
Fig. 11

(a) FEARHEALAFALE, (b, o) AFRBOLIRT Ik

Schematic diagram of electrochemical corrosion of magnesium-rare earth alloy and Al-Si coating added with Y, 0, [55]. (a) electrochemical

corrosion mechanism of substrate, (b, ¢) phase composition of coatings with different laser power, (d) electrochemical corrosion mecha-

nism of coating
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