HS53L oM
2024 4F 9H

BAEEREMBISIRE
RARE METAL MATERIALS AND ENGINEERING

Vol.53, No.9
September 2024

DOI: 10.12442/j.issn.1002-185X.20230488

WC & 23N ISE CoCrFeNiTi BEESEEE
¢H 200 X% T T8 ek T e Y 82 M

7—%9\_\?7 g’]‘ifg: 7}:5]}—7]:7]‘) ﬂ:‘/‘lﬁa Eg‘ %i, @ﬂi*@
CHEE RS HUM TR 24P, BraE S8R5 830017)

O AT ERKBBRIKAEAE I A dr, R FROCIE T BORTE U SRR 2 58 1 BEA 30CtMnSiA 4RR T HI4& T
WC 358 CoCrFeNiTi-WC: (x=0, 5, 10, 15, 20, FifE 4, %) S@EEERE, PR T WC EEMRENRMAR. 7/
SRR AR o WEFL R B CoCrFeNiTi Bl & &R EMYLA fee(Fe-Ni). bee(Fe-Cr). Laves(CoTi) 1 AB-type (Ti [k
EW) . WA WC S BN, Laves FAATH WEREIGSR, HAR 7B AHBRALY) (WC. TiC. CrsCs fl FesC) o CoCrFeNiTi
FR A SR E A LU RIS R ST S &, BEE WC SN, B HA RIS, AR R HE
WAL . WC IR R TR ERIERE, Jodh CoCrFeNiTi-20%WC B2 (HVoo) 0K, S 6419 MPa, HEEHE R %1 (0.664)
FUEHFE (1.3x102 pm?-(s-NYD s, PR RAT, BEBHLH] 2R N R G B AR B RS . MAh, bR WC &
RN, IR JZ R AR S o SRR s . b, CoCrFeNiTi-20%WC #2185 i B it fge /N, i ok R a4

KA WO mES4; WC R BMAL; ek
TEHS: 1002-185X(2024)09-2642-11

REESES: TG174.44 XHERIRIRAD: A

B0 A Y0 A R R A R AT L B e R AR
BRI, SR, BLER A B R R AIE R I R
AR, BT HnE A KA KA, Hoh AR E R A i
R S50 F A0 P 4 5 RN 5 R, TAE IR+ 90 %
%o MBRRAE A E I TE TR, BT Z20F 0, &
PEEZE W, SRR SRR, 722 HikiTe
AR, XS AT ARSI R . T K
5 A A7 s BRARAS S AR, %o B 2 R0 3 2R
R BT IR)Z A FE R 4 b E 02,

WOLIE T & —Fom ORI ZEH & AR, O
Tz N TR EEE ARSI . WO E B xR
PRGN . R AR AR, A4U5) 5
FARIR S AR S0 R, R O A 7 A 1
W2 B A B S A AT S AR, AT ARE K I
BATHEA, NN KT M RIR A=A . R4
Draas, REEBIRSHE.

F A4 (HEA) —MH 5~13 FlE oo R 4k,
FILR G R 5%~35% (RESHO WK, X{EF
G R A LR MR R B ik, S A e
ARG TH O 37T (fee) « ARSE T (bee) FIZHETS
Ji Chep) HIHAHENEALE R, WA RIERE RIE)E

is HER: 2023-09-15

LGP, ghah, A S A . 5
TR 85 T JE3 o S pL AR AL PR G, 2 — AR AR 4R 2 PR

Hr, OfAKEHOCEE G SWRE M R
AT, HAR IR R ECORH Ti B CoCrFeNi
HEBUFH S22 6. Zhang ZEOWF 5 T CoCrFeNiTi
B A SR EPUE A e, RIE T SIS &R
JEHEE (HVo2) 5% 5566.4 MPa i 5 T 304 /N5 40
FEARTERE, Kk, CoCrFeNiTi Hilfi & &2 R I B
FAR AR ph g 2R . BhAh, CoCrFeNiTi il & & ik
J2 (1 ol S e o o A R TR ORI R, R I —
S8 T2 FE A S 1 o L S5 UO1R F 5 1] e e = DU AR A IR
6 B AH 45 A 1 J7 12 % T CoCrFeNiTi i i & 4 ik
&, RS T EIS B R SiEm kR . B
TR Z R R, BEAURIL, 25 300W Hok E
AL ER S, W2 R EE (HV 1,00 14 %] 8976.8 MPa,
bL R 2 O AR BB Z R R T 65%.

AR, E AN AR, 1E R0 S Sk AR i i
W) S 38 R RORE , 1) IO 78 B T DA 4% 4 i 2 Pl
HEWRE, ZEREGRERA SR EMPINE, X
A W) 5 (P T BB A5 ANV JEF e e o DRTOb, 51 N ) R 448 S A 2
HE— DR R A TR R o AU A — 12,

ELUH: FEEAXEATATE (2022B01036) ; #HiilE B XEIEIHHA (XJ2022G011)
YEEEINY: RCT, &, 1998 4F24E, fiid:, Brsm KUk CRES:PE, #iad 2EAST 830017, E-mail: ww446207010@163.com



59 1

B WC E BSHMOEIEE CoCrFeNiTi Ffil & 4 iR)2 414 It J68 vl R 1 2

* 2643 -

WC TERE R AH 7 TH & —Fp 402 1) 3 & Jm etk ¥, B
s R R IR IK R m R RERSER AL W
V0 FCAE Sy e 5 AF SR B2 w5 v B IR 2 [ T S i g ot
PERE 1214, Bao 5 ISR H WO B HE ARG & T
FeCoCrNiBo+WC (0% 20%, RESH) miiessE
HIRIE, KIN FeCoCrNiBoa+20%WC ¥ 2 1) 4 [CAE &
T FeCoCrNiBo2 it )2, FeCoCrNiBo2+20%WC 42 %
PRGTECRE I R, B PTIR AR, R R R
/NF FeCoCrNiBo2 ¥ )2 . IXEWRE WC I INA] LK
55 7 P IR AR BE . Ma S5 UO1R B O A BRI i) %%
T RSN 60%WC (5T 570 8D UKL 3% FeCoNiCr
A EE GRS AEREW, EERZNTY R
JE (HVoos) A 4958.8 MPa, T 316L JEAKM T
SR (HVoos) 2156 MPa. M4, B K WC
TEUSNERG SR ESG G YR A . Vyas 017
WEFE T WC Bkt AlIFeCuCrCoNi i & 418 2 J1 240k
REssm, BEICRIL, M WC F 8N 15%0, A
(HVos) KN 6095.6 MPa, {H F1-T- H {5 R4 B ) 51
FLim vk PR B i 22 o Xu U8 £ T AlCoCrFeNi-WCs
(x=0, 10, 20, 30, FiESH, %) mHEEEAR
2o WHFUR I, WC N A2 T 41 b 5t A A ] 725 5 £ 11
VEF, 645 Fr il £ 44 7 )2 WO R R B 5 WC 5 &4 Jin i
whn, HAEEE (HVen) {H#k Ki&%| 10388 MPa. Jiang
SR FE T WC & &0 Al sCrCuFeNi B & &R 241
UM B PERE R, R ILBEE WC =N, H
TIRZHIE R T VF 2 W i A A , (150 J2 1 1 FEE A
TR 5 1 R K
ST 7R WC BRI S = il A 02 B A R
e P REE P AN R G (T B M Re AR L AT ST B R TR
il WC ki xt CoCrFeNiTi mlfi & 4142 MERE R .
Nk P CoCrFeNiTi Bl & & ZERE, [HIL,
AT 8K O 15 7B BRTE 30CrMnSiA 40 2 1 il %
TANA WC & &1 38 ) CoCrFeNiTi H & &2 .
BT WC ZEMIRZHALEN . 12 Mmb b 2Etae
QR N BOL IS WC 55 CoCrFeNiTi = i &

SWZMIHLE], IR E G IR IE IR AUR r L AT T
AR, UTER O S A B S ARG P AR e A A SR A T
E%E‘B@‘EIE\E%O

N

PL 30CrMnSiA X 4 F AR+ B, RSN 100 mm
x70 mmx10 mm, 7E3EAT WO HT R B 44 R T AT
WO AE B PR LRI A MR . BOBIEE R K
K B2 S FE AL % CoCrFeNiTi =il & & ERIE K A
$i BN 50~100 pum, FLIEAFT CoCrFeNiTi ikl & &4
RS IR 1 MR 2 Fros. 64k, £ CoCrFeNiTi
0 B Ak R R A3 S INORL B O 35~75 pm WC EKTE
MR, FERIRINA &5 08 0% 5% 10%-
15% . 20%WC #} K ] CoCrFeNiTi /= i & & ¥ K /£
KQM-Z/B AT B EREEHLH LA 350 r/min % # A 3 he K
1 4 CoCrFeNiTi 1 CoCrFeNiTi-20%WC ¥ & SEM J¥
Pi. A LLE H CoCrFeNiTi il WC FikL ) £ BRI
R, H WC ik 5 CoCrFeNiTi FikijR & 151 .

K F 1R 532 #3190 75 725 4F 30CrMinSiA £ 2 1 1] %
CoCrFeNiTi-WC, (x=0, 5, 10, 15, 20, &4, %
THYSRBAEEEGBRE. 1§64 8k 8%

(ZKZM-2000W ) 11 [F KUKA M35 N BT HO6 %5
$I, HEOLBERG REERWE 2 B, FH R
45 L/min I 40 B GUSUAE R IR AUME . BOE T E S
R 3 Fiam. ¥ WC EESHAHN 0% 5% 10%.
15%#11 20% (1) CoCrFeNiTi il & &2 0 Wl dr 48
HEA. Ws. Wiox Wis Fl Wago

# 1 30CrMnSiA fRILF 5

Tablel Chemical composition of 30CrMnSiA steel (w/%)

C Si Mn Cr Fe
0.31 0.94 0.91 0.91 Bal.

% 2 CoCrFeNiTi HEALE B 5

Table2 Chemical composition of CoCrFeNiTi HEA (/%)
Co Cr Fe Ni Ti
22.01 19.16 20.54 21.97 16.69

Bl 1 CoCrFeNiTi fl CoCrFeNiTi-20%WC ¥} 4 SEM F& 3t
Fig.1 SEM morphologies of CoCrFeNiTi (a-b) and CoCrFeNiTi-20%WC powder (c-d)
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Fig.2 Schematic diagram of the laser cladding system
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Fig.3 Friction diagram (a) and the electrochemical diagram (b)
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Fig.4 XRD patterns and calibration results of the coatings
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Fig.5 Microstructures of the coatings: (a) HEA, (b) W5, (¢) Wio, (d) Wis, and (e) Wao
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Bl 6 =L EDS jo ik 4
Fig.6 EDS element mappings of the coatings: (a) HEA, (b) Ws, (c) Wio, (d) Wis, and (e) W2
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Table4 EDSanalysisresultsof the coatings (/%)

Element CoCrFeNiTi Ws Wio Wis Wao
Co 17.08 16.68 15.23 14.47 14.83
Cr 14.39 14.09 13.21 12.94 13.76
Fe 36.97 33.12 32.20 30.82 27.89
Ni 14.75 14.20 11.12 12.77 11.55
Ti 16.81 15.76 16.92 15.74 16.57
C - 4.39 7.86 9.97 12.16
W - 1.76 2.46 3.29 5.24

Cr =—=T[g =—=N1 —Ti

i G G == T =N == [

a

Cr—Fe=—Ni—Ti—C W
b

Linc.scanned position

7 MEAEENRE EDS Ju i i
Fig.7 EDS line scannings from substrate to coating: (a) HEA, (b) Ws, (¢) Wio, (d) Wis, and (e) Wao
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Fig.9 COF vs time of the coatings and the substrate (a) and depth vs width curves of worn track cross-sections of the coatings (b) and the

substrate (c)
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Fig.10 Three-dimensional outline morphologies of wear cross sections: (a) substrate, (b) HEA, (c) Ws, (d) Wi, (€) Wis, and (f) Wao
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Effect of WC Content on Microstructure and Corrosion Resistance of Laser Cladding
CoCrFeNiTi High-Entropy Alloy Coating

Wu Wenning, Sun Wenlei, Yang Yulin, Yu Jiangtong, Lu Cheng, Bao Shenghui
(School of Mechanical Engineering, Xinjiang University, Urumqi 830017, China)

Abstract: To prolong the life of the desulfurization slurry circulating pump impeller, WC-reinforced CoCrFeNiTi-WC; (x=0, 5, 10, 15, 20, wt%)
high—entropy alloy (HEA) coatings were fabricated on the base material 30CrMnSiA steel surface of desulfurization slurry circulating pump
impeller by laser cladding. The effects of WC content on the microstructure, phase composition, element distribution, microhardness, wear
resistance, and corrosion resistance of the coatings were studied. It is found that the phase composition of CoCrFeNiTi HEA coating is fcc
(Fe-Ni), bee (Fe-Cr), Laves (CoTiz), and AB-type (compounds of Ti) phases. With the increase in WC content, the diffraction peak intensity of
Laves phase increases, and new phases carbides (WC, TiC, Cr;Cs, and Fe;C) are formed. The microstructure of CoCrFeNiTi HEA coating is
mainly composed of cellular crystals at the bottom and equiaxed dendrites at the top. With the increase in WC content, the coating
microstructure is mainly equiaxed dendrites, and the grain size gradually refines. The addition of WC improves the properties of the
CoCrFeNiTi-20% coatings, including the largest microhardness (HVo.2) of 6419 MPa and the smallest coefficient of friction (0.664) and wear
rate (1.3x10% um?-(s-N) "), and the best wear resistance. Meantime the wear mechanism is mainly slight adhesive wear and abrasive wear. In
addition, with the increase in WC content, the coating shows lower corrosion rate and corrosion current. Among all the coatings,
CoCrFeNiTi-20%WC coating has the smallest corrosion current and the best corrosion resistance.

Key words: laser cladding; high-entropy alloy; WC particle; microstructure; corrosion resistance
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