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Abstract CrNiAlCoMoB, ; high-entropy alloy (HEA) is prepared on 45 # steel bylaser cladding. The microstructure
and corrosion resistance properties of this HEA coating are studied. The results show that the corrosion resistance
properties of the HEA are remarkable, corrosion electric potential K, and corrosion currect I, of CrNiAlCoMoB, ;
HEA are equal to those of 304 stainless steel in 3.5% NaCl (mass fraction) while the resistance to pitting is better.
Compared with 304 stainless steel, the ability of passivating of HEA coating is weaker. In 1 mol/L H, SO, electrolytic
solution, the K. and I, of HEA coating and 304 stainless steel are in an order of magnitude, which means corrosion
resistance of CrNiAlCoMoB, ; coating is remarkable. Corrosion behavior of the HEA coating is intergranular corrosion
while 304 stainless steel is irregular flake corrosion. In 1 mol/L NaOH electrolytic solution, E... of CrNiAlCoMoB, s
HEA coating is lower than that of 304 stainless steel, which shows that the tendency of corrosion is larger.
Meanwhile, I, of the HEA coating is smaller, the corrosion resistance of CrNiAlCoMoB, ; HEA coating is better, and the
ahility of passivating is equal to that of the 304 stainless steel.

Key words laser technique; laser cladding; high-entropy alloy coating; polarization curves; corrosion resistance
OCIS codes 160.3900; 350.3390; 350.3850

L5 F
FIE G SRS 2R EEURN G XM A& M EETREH BT 5. ARMOTR R T

RS B HE: 2015-01-10; Y EIMEM AR HHE: 2015-02-09

HETE: WILA AR H AW T H (2014C31122,2013C31012)

fEZ R . AR (1988—) , 53 Wl L W58 Ak, E N EFBOL I LA AR IT 1 A AFFE . E-mail: pengjin880212@163. com

SImE . Pk 1965 I A BB, T A 0, 35 AT R M 5 O & i 85
E-mail:laser@zjut. edu. en Gl {EBE R A\

s103003-1



H # it

BB T 506 ~ 3500 Z M1 o 38 3 X i A A e A B BT AT LA ) R R T B e i A L B R
PEAEPEREIL S 3 B o OB BIAE Do S8 B0 G J b sk 22 0 ke P T B R AT DRt i 44 | DRt 5 ] 4 s it A5 )
T IO Z TT A 4 % HLEE [ i R 5 A7 AR A BT B . B T AR R ORI B R G SR E R E T2

ThH R SR F O K 0 7 B R D) il % T AL CoCrNiMo & 0 4 42 1 J2 °F ¥ 88 )& #8950 ~
1250 HVo . Z [, 7E 800 C MABRELR$F 700 HVo . B, IF0F 5T 7 A AL B 53 £ 4 (9 20 SUME fE 1Y 52
W, B 03 AEWOE I B v AT B SR e AV B0 B 2 (58 5 6 W oR v B0 A R A S T B SR AR )
— R il T2 BB A A ) IR T i T b R T 7 1 Y < R A S AL TR AR 2 R T A A AR 1 1 3
P R 2 i e e VAL AR BRBE Y o O T 0 IR R AL R 2 P R L A SO S O R B Oy
45 7 CrNiAICoMoB, s Rl & &= IFWETE 1 U2 A 4LGUR I b PERE . v CrNiAICoMo &R mii & &
U 2 HE 1) S B I FH B — 2 A9 L)

2 IR T

WOCIE AL R )2 2 kW R Ik S G oG & U 50 BT I ERR MR 45 89, RS2 100 mm X
80 mm X 10 mm, CrNiAlCoMoB, ;¥ 2 kR HI 45 & F 99. 5% 14l Cr Ni,Co, Mo, NiAl ¥ K i B % )
JoT 5 2 LU IS BFe Y8 45 M 8. BRI HLIR B B3 oK 3K AL (9 5% 38y 250 ~500 r/min, BRI G HL 78 A 1
PEAAR Ar G0 4 BRI 3~10 ho dy By HLIH H6E BE Y5 Dl 140~320 B I8 AR AE A i ¥ 5 BB AE 45
BAEAR B R EE R 12 mm, WOLE BRI ZE S OB AR 4 mm, Ar SR, il A5
R IERETESHT QLI ZE B E E=100W/cm®) #1457 CrNiAlCoMoB, ; (Cr,Ni, Al,Co,Mo.B 4
PR Z A 1:1:1:1:1:0. 5) @i & &R 2.

il 5 4 AH 23 AT e R F A L BE (SEMD B2 X SR AT S (XRD) 3647 S0OU 43 BT 5 1 85 P A 2% J ol 3
Bk A 5 SAEE . B 0.5 om” (195 20 AL A K AR B & . BT HA B4 5ok 3. 5%
NaCl( 5T #4340 .1 mol/L H,SO, F1 1 mol/L NaOH ¥ . 424 3 #7 2l i 55 28 28 18 /K B & i . >R A CHI
660E LAk 2% T4 35 I 5 5 05 5 4 A1 304 AN BB 4K 43 Bl 48 3. 5% NaCl O 40 80 % ¥l . 1 mol/L H, SO, }&
1 mol/L NaOH ¥ 1 (¥ 2l v 2l Ak il 2k T H 80 1 mV /s R A B B0 3800 U5 B 30

3 HiRHHr
3.1 RERMALR

B 12O BT CrNIAICoMoB, s w3 & )2 19 SEM B NI 1 () AT RLE L 3R 2 53R 2
T8 B — 2% - 0 2l U] R Z I R 256 . B 1(h) R 2 iR U B2 42
B A AR IE S U R . 5 b 3 P i A R AR B DG IR A o 3 A OB DA v O ] P JR] S ) o AR R R
AR TS B8 et AT e 2 AR o 80 i 0t 7 I IR 45 40 8 7 720 A5 RO 33 T RERE 1R 3% 4L ) 110 4 ok 1 ARG
(oA I U305 [P 1 AL 14 445 R P8 AR R TR 908 L i A it A o) ISP R O R e A — A U B T L SR ek B
AR ST R S5 R

laser cladding layer

bonding zone

Kl 1 CrNiAlCoMoB, ; %% 2 SEM i F. (a) 454 X ; ()R 2 H
Fig. 1 SEM image of CrNiAlCoMoB, ;cladding layer. (a) Bonding; (b) middle of the coating
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Fig. 2 XRD patterns of the coatings
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Fig. 3 Polarization curves of the coating and 304 steel in 3.5% NaCl (mass fraction)
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Table 1 Electrochemical parameters of the coating and 304 steel

Electrolyte solution Sample E../V Iow/(A s cm ?)
3. 5% NaCl 304 steel —2.531 4.002Xx10"*
(mass fraction) Coating —2.814 6.820X10¢
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Fig. 4 Corrosion morphology SEM graph of (a) 304 steel and (b) the coating
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Fig.5 Polarization curves of the coating and 304 steel in 1 mol/L. H,SO,
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Table 2 Electrochemical parameters of the coating and 304 steel

Electrolyte solution Sample E../V Tow/(A « cm™ %)
304 steel —0.75 2.424X10°°
1 mol/L H,SO,
Coating —0.76 3.747X10°°

WA TE 1 mol/L H, SO, HUAR B A BEALBE J1 1T 55 304 A EEH A9 B AL IX 18] 15 3] 1000 mV. R FIRJZ 1
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Fig. 6 Corrosion morphology SEM graph of (a) the coating and (b) 304 steel
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Fig. 7 Polarization curves of the coating and 304 steel in 1 mol/L. NaOH
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Table 3 Electrochemical parameters of the coatingand 304 steel

Electrolyte solution Sample E../V Tow/(A « cm™?)

304 steel —0.718 4,556 X107

1 mol/L NaOH
Coating —0.745 2.555X10°°

2pm
—

EHT = 15.00 k' WD =10.0 mm Signal A = SE2 Mag= 2.00KX

B8 WZEEMIES SEM F
Fig. 8 Corrosion morphology SEM graph of the coating
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2) CrNiAICOMoB, s it J2E 3. 5 % NaClOFE ik 43 40 s 30010 65 k4 3 Ee B P T 5 304 5
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3) CrNiAICOMoB, st JZE 1 mol /L H, SO, s i ¥ 1 088 o i E- BB R L. fE ) — /> B
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