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Corrosion Resistance of Al,O, -316L Coatings Based on
Optimized Extreme High-Speed Laser Cladding Technology
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Abstract; Extreme high-speed laser cladding (EHLA) technology was used to prepare Al,0,-316L coatings on Ti6Al4V

rods. The effects of scanning speed, powder feeding rate on single-track coating quality, and 316L powder content on
multi-track coating quality and corrosion resistance were explored. Results show that with the following optimum process
parameters , including scanning speed of 250 mm/s and powder feeding rate of 8 g/min, the coating can present superior
quality with the 316L powder in a mass fraction of 20%. It is shown that all Al,0,-316L coatings exhibit superior
corrosion resistance compared to the substrate. As 316L content increases, the corrosion resistance of coatings increases
followed by decline. With 316L powder in a mass faction of 20%, the electrochemical impedance of the coating is 2.27
times that of the substrate.
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SRIEMITEK CRIE DR HAR T, WS K KA AL, 0,-316L
RAMA, %R 20 A T 3161 8 K 5 12 5 B
T ERBIEE AR o R 2 s, ALO, #
AKifE 75~100 wm,316L By A KifE 35~45 pm, L
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Table 1 316L powder content in cladding powder for each coating

RS 316L ¥R & it (T 4340 / %
Al 10
A2 20
A3 30
A4 40

R2 BRABBRBHRULERS (RESE)
Table 2 Chemical composition of cladding powder for each coating %

2R Si 0 Cr Mo Ni Fe Al
Al 0.03 4230 1.60  0.15 1.30 7.01 i
A2 0.08 37.60 3.31 0.33 225 1411 4&
A3 0.10 3294 493 049 340 21.05
A4 0.21 2823 6.63  0.65 454 28.04
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Table 3 Process parameters in tests
e G/ (mm - s71) EMHE/ (g - min™)
1 350 10
2 300 10
3 250 10
4 200 10
5 250 12
6 250 10
7 250 8
8 250 6

SR FH AL DI H AR DOBR b 35 11 U0 50 s Ry
10 mm x 10 mm X 10 mm [ Al,0,-316L VR ZEHEM , {4
Leica DM4M £ AH i Sl 55 W52 MBI 2 R 28 IR 28
] B AZH 25 SR D/ Max2550 X S BN RIE 1R )2
YIAH ;R Multi Autolab/M204 Hi Ak 2% T 4/F 3 I 5 =8
Tk T R 2 R T R S L A I R A T
Yoy Bt , TAER, AR = rAR A R AL AR, LA A Sy il
e b, DI SR B (SCE) SAZ: e i, Rl ke
S TAERAR T TR R o 3 34K 3.5% 11 NaCl ¥ .
T FLAEMERET )4 15 min, B4k M 3 R T i
HL7(OCP) 4b+0.5 V, BN 0.5 mV/s, HALZEMH
PrigmiALE OCP BT S5 F R 1072 ~ 10° Hz, L
JEYRTE A +5 mV,

2 SR S IE

2.1 FHEEEI ALO,-316L R ERIREI R0

PP E 10 ¢/min, LA A2 HIRZFERE, AL
T BB IR AR A 1 R,
ML 350 mm/s I, &8 20 4 Floks R A3 2 R 1S ALY
AL O, M ARUTRRTE He A 3 17, Bl A 28 9y AR B0k TG 1%
Ak 7 2 WO RE R AE H LUBORL B A IR 2 N
B, FEARZEE G A2 WAL T KERds , 4
HEE 300 mm/s B, B K 500 A T 22 A1 fil, DA T
P15 W2 P A DA TE B AR R T (R AE IR 2 b id 2
T n T | FLR DR 0 J2 5 [ B el B AR
WRIZ N AR AN ), SRS, HA
B 250 mm/s I, 8 AR NS Rl 7S A, S AR e I i, TR 2
TR IR TR A, AR AR R I 2R . R
& 200 mm/s B, 6 RlUB R DT | FEAR ] LI 32 T
ZWotReR , TS DRI YK R 2R, EH
AR A 250 mm/s
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(a) 350 mm/s; (b) 300 mm/s; (c¢) 250 mm/s; (d) 200 mm/s
1 ARHHEEETHREREREEEEER
Fig.1 Cross-sectional morphology of single-track cladded coatings

at different scanning speeds

2.2 EMHEEI ALO,-316L BRI
R 250 mm/s, DL A2 IR ERRL, SRR
HEE T By OB IR A SR R A 2 FoR . 258
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R A R B AR 2 MO BRE R AN 2, RBESE
W ARSI R 5 B Z R A5 6 13822 , T i
BT ERFNTE , X IE 10 g/min B, 12 FTE S
W S sl AR TR )2 v B i VR AL, 5k
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A, WA RS ALMPFE RS UL T 2B 50E
Be, Fil A A ERZ BT AS , IR K B 6 g/min B, IR)Z SR
T B TN 52 RS VE LA K i LGOI R 2 2R T

(a) 12 g/min; (b) 10 g¢/min; (c¢) 8 g/min; (d) 6 g/min
B2 AEEHEETHRERBREEHEEIR

Fig.2  Cross-sectional morphology of single-track cladded coatings

at different powder feeding speeds
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Fig.3  Surface morphology of multi-track cladded coatings
with different 316L contents
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Fig.4 Cross-sectional morphology of multi-track cladded coatings

with different 316L contents
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Fig.5 XRD patterns of coatings with different 316L contents

2.5 TSR

Kl 6 AANTA] 316L oK & Uk )= Al Ti6AL4V AR
PR A e, DB 6 iR IR INT 316L M AR TR
RSN AR Ve N S NI R 1TSS B P 1K Sl pe S LN
AED M, X EZEE R 3161 Bk Z#E ks
Y15) Hb 43 WOCTE B2 AN WA B, R RAAE A 8 o X R AR
AL O, B3 A R Ti6Al4V FE{Ak 2 [i] ) #4402 1 5 25 5,
W ZEGCRN LR 1 7= A AR TR R A A T,
{HJETE A1 A2 A3 A4 R Z Ak Ze iR ATh RE WSS 3 A
TRERG 0 A HLR R AT RE AR TR 2 T AE e T B, 28
AT fd AN SCIEI Tafel AMfERE S E IR Z
14 B ok e A7 L e L SRS SR gk 4 BTUR
A1, A2 A3 A4 WRIZR B A 35 T Ti6Al4V JE
AT kL R AR T TI6AI4V A4 18 (il e 7
R, R ok L R RRAE , TR )2 TS Db vk RE R

0.4
——Ti6A4VE:AR
02 [—ARE
—A2%E
0.0} AR
— AR

E/V

-0.4

-0.6

-0.8

7 -6 -5 -4 3 2
Ig[I/ (A - em™)]

E6 AE 3161 ZEREM TioAI4V EAEIRAL i %k
Fig.6 Polarization curves of coatings with different 316L contents

and Ti6Al4V substrate
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Table 4  Fitting values of polarization curves for coatings with

different 316L contents and Ti6Al4V substrate

Ressam AR E,, (Veee)  FUBTRAIT L,/ (A - em™)

AL R)ZE -0.227 1.106 x 1076

A2 R)E -0.194 1.211x107°

A3 W2 -0.233 7.269x 1077

AL IR -0.214 2.146x 107°
Ti6Al4V FE{k -0.595 6.651x 1076

P 7 SAANTR] 3161 53 A 15 10 U J= A A 14 R A 2
BHBCIE SRk Bl R, LR A BEL, R, A fELAR
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HERRAUL S PRl A S O BHLPTA T, 4T ECM A 5550
R G D) . 2 5 DR AT AL R oA R B
B m AU R IR R IR I RELr . 29K Bk

7500
6000 -
R R,
B vV ] i:
© 4500 CPE1
=)
N
N 200 = TIARVIER
—— Al E
—A— A%
1500 AR
—— A4
0 1 1 1
0 5000 10000 15000 20000
Z /(@ cm?)
7 AR 3L MREELREMEFHEBELEERER
LR EE

Fig.7 Electrochemical impedance spectra and equivalent circuit diagrams
of coatings with different 316L contents
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Table 5 Fitting values of electrochemical impedance

spectroscopy data in equivalent circuit

. R/ CPEl/ R/
FE S A PR (Q .>Cm2) (Ss" - em™?) n, Q .'sz)
Ti6AI4V JEfA 4.197 8.02x 1073 0.750 10 232
Al RE 9.617 5.92x107° 0.653 7081
A2 )2 9.086 9.38x107° 0.627 23228
A3 R)E 11.91 2.85% 107 0.664 12242
A4LIRIE 14.82 4.14%x 107 0.614 6179

316L MoK g, # iR 2 BPTIR T TieAl4V Jeik X 5
I e 7 T 8 ok P R B A S5 SRR — 3R, BHT
FORBHERZ PR IXERE , AL A4 IR 2 K100 A
ARLL, AR X SE R LA i fr B RS MEE /N Lt AT A4
‘(TPEI’JEM&MEH#TJ\?J@EMK-W A2 A3 IRZEUE

b MR E R Al 3161 By A P Cr Mo Ni
#m?/\f RIZRIIY BRI B F w4 88 | Fi o
HEROMERE K, I, A2 A3 5 )2 A H AL 24 B BT R T2
i, Horp A2 WRIZ AR P TR R SRR 2.27 £

3 45

1) HEHEE R 250 mm/s XM BE 8 o/min B, 5
RS UE PR 0 2 0, TR B RN ) A SSORE T, Bk
(g £LIR) #a D, RS HH S RS REZ
EHT. LS50

2) 316L AR A 20% 1}, IJZH Al o Cry,, 05
FHE A WA R G 1T AL O, A A ffe 4 T 2440 iy , [+
i TiO, |V, 0, 8L 4150 50 1, BE R THIRZ B
P, A 2R 1A 500.3 wm, Rar 5 HIEM LD %
=T,

3) AL O,-316L ¥R JZ M & ph ) Ik T34k TioAl4V
B URIZ 0 BB i 7 34755 T Ti6Al4V R ra k2
FHALAE 6 179~23 228 Q - em® Z 0], A2 BRZAI 1L
SEBHBCER RS 2.27 £,
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