11106 b 7/ %,

*F # 2023 4F55 11 W1 (54) 4

XEHS:1001-9731(2023)11-11106-12

GEEESLREREMESOHRHRE

.;%\-j&,:{ﬁ;l@ﬂ , ]Ili]:‘)'?é}:f_'lgl,Z,S ’/fgl-ﬂh 7‘}{],2,3 , jl] j&il.Zﬁ , ;‘UJ

ﬁil ,2

(1. B RMRHIT T B A R 7 L IR 4007075
2. T JE§ b < R T HE R SR 5, HR 400707
3. EFALER IR B TR EOR BT 0 B R 400707)

wm OE:

HERERG AR BREERL F D EFEEFAREF @G T LR, G FH AL
B IR B AR SR AR IR A e T R K R AR AR LR F A,

BRI oAk THL

ok K AR R RAERTE it AEE S MK EFHRE. Bm 2R REHFWXE, THREERLSLLR
BB B AT L R BAT T AN B EARR S R AN B RN R ERE L L 3 A\ AR IR S
B IRALE A RAT T MR AN LA T ARET — LA, A EESE X THT S B LR IR

AR —REIFENL,

XK., HWERESS;MEMN;ALMRL; XRERNL
FESES: TG421 X EkFRIRED A
o 51 B

GIE AR E R NR H R AT B Tl LR
b S B R R J A AN T /D 1) R il A LR A e ) L B
IR TF AN AL 5 b g S U A% b TR R A
o SR A B AR ARF ) F) 39 1 T A AT A Y
BRI R . Ho, B TR R
JELPR S B A A A NS R W A T RS L
P B8R 75 il o o AP HG R 5 1R 0 22 4 ] F ot 36 17 4
FHRIARE 1 1 BFE L 50 T Tk i & J a3 AR A

SRR T DL S SRR B RO R A R IR A
A PRHE 22 5 00 35 R0 e B AR 0 AR R A B T B
FAS . EHERR ORI B 1 R B B A
BRI G, BRAEHENE G B L T B RS A
BAREN I 2 N 52 27 K2 H W Se i . & T
B T 2 ) B < 3 T U 2 HL A G S ) A 8 D it
P RE AN AT L5t A T 2 T A 0 4 BE T 38w X
A PR BER i EOR SE A AR AR AR /Y 3 T AT
FREOT O L A IR 2 A AR A A T 3
AE R T T A A A ROREE A T TR
JL 3 DA B B AR AR & 30 T Al A= 57 4 g 7 it 32 4 )
HAETEREX,

4 BT B )2 b Ak R AR LA e 2
L B0 s AR AR o 3 Sl g A A K R A7 78 T 1 )= 21
ZUrhr, LUSE iR 2 B 00 0 B RS PR PR REC . SR, 2 )
A A SR R T A DR 5 e R T G I L B DA A v T 2
R ARG A AL BORNY . 7B ER A L 5E R
I 4 R AL s L /AL LR B A . nl ek

DOT:10.3969/5.issn.1001-9731.2023.11.013

2 H AT TF 430 95 M B L (R A7 76 B A R~ AR H ) 3
GV TR I A R A AR T R M A TR e
— 5 AN A 2O ol 3t L RSF 38 5 L R Ry 28 Ak 3
M KL A 4 IO FH 4TS 50 1) L 1 S e

Ty 45 AR Al S AR 2 ) 4 LA A 5 RN R A
G T 85 N S 0 A B P AR 5T R O R R A &
PEAT T KA BFSE . AR SCHE K0 1) B2 M D& F 55 Wk A
Fnh b TN BT LA WB AR KA T 2
= AT AT A L HE AR 4 TR S R RE R A R AR HEAT T
R xR R R T — S E R AEN AR T
AR i B RE TR R AT — @ S X,
1 Baigit

BREEMEIR S 4 TR DL Fe-C LR AR, RN
Hihot R MM Z a4, Har, EH Fe MRS
ERTFEH FeCCr A4 .FeCr-B &G4 . .Fe(C-
Mo & &5 N A & o LR 1 TR . R ixX B3

Aa R E R INHEA A 4 CE, i Ti.Nb, V.,

Cr.Mo.B.N % & siak /b 9 B Ak 9 L 0 Ak 4 25 it %
Sof AR A ol 6 A Y B R LR B B AR RE A B
T TR B A 4 1l ZE R .
1.1 EXEEZR

Fe-C-Cr R &4 WHLFR 5 4% 05 2K, J& — Fh gL 7Y
IR A4 .C.Cr T REH., HEHTFEENE.C
WAL Fe-Cr-C RASWBH RN EEA 0z —,
EREMNEE RS &4 Mt Z W Cr.B.Nb,
W .V 45 %A A MC M, C M, Gy Fit ML, G B RR
ey, mALMEBMAF EESS4H Cr/C MILES

 EEIE P E P T L 5 F AT R A 5 & AR L 3 (SINOMAST-Z2DZX2020-2—010)

Yz 4% B H#E:2023-02-22
EEEN . EEE

Y 2% 275 B #1 : 2023-06-05
(1996—) , W3 A+, R 2N F &l A S MR T1E.

BIRAESE 5% E-mail: 287331912@ qq.com



PO S R T B SR T U R M A B AT S S

11107

SR HH M Cy 2 0 5% B Bk B 20 Y IR P9 19 3 AR AL
o 6 A A5 e Al B 1 e Ak 0 e LSRR TR S0 A T
HEAR 2 v, S T AR 2 B A A e C R
Cr i & i RIS, Fe-Cr-C & & R B 3 Ay 3k

fn A I B Y, BT, FeCr-C R A 4 12
TR TR R P A ) R T A S R A AT, A TV Y

#® 1 FeCCr FeCrB.FeC-Mo ZEEHUERD (W (BRESE))
Table 1 Chemical composition of Fe-C-Cr, Fe-Cr-B and Fe-C-Mo alloys (wt %)

e % 2R 3
Fe-C-Cy01%) C Mn Si Cr Ni Nb \% Mo Fe
1.0~2.5 <2.0 <2.0 6.0~18.0 <1.0 10.0~15.0 <1.0 <0.5 Bal.
Fe-Cr.BiH) C B Cr Mn Si Ni Cu Mo Fe
0.11~1.05 0.01~2.75 3.85~19.50 0.24~1.25 0.29~1.22 0.09~2.32 0.01~2.00 0~0.51 Bal.
Fe Mo C Ni Mn Mo Si A% P.S Fe —
1.0~2.5 0.1~0.5 1.72~2.00 15.0~20.0 1.5~2.0  5.0~10.0  <C0.035 Bal. —
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Fig.1 The microstructure of surfacing alloy before
and after Ti alloying: (a) the morphology of
the original matrix; (b) microstructure after

adding Ti-*
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Fig.2 Microstructure of Nb alloyed Fe-Cr-C surfacing alloy: (a) the original matrix morphology; (b) the struc-
ture morphology after adding Nb; (c¢) size statistics of carbides before and after Nb alloying”
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Table 2 Chemical component of carbides in HCCI
hardfacing layers with different V%
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Fig.3 Changes in the hardness and wear volume loss
of HCCI hardfacing layer™*
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Fig.4 Volume fraction of carbides in the deposited

hardfacing alloys determined by XRD and

metallography, respectively™?
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Table 3 The wear loss of hardfacing alloys with dif-

ferent Mo contentst™

Volume loss of Average volume

Samples . .
each specimen/mm® loss/mm®*
Mo-free 0.031 0.025 0.020 0.029
Mo 1.35 0.012 0.011 0.014 0.012
Mo 2.70 0.013 0.017 0.010 0.013
Mo 4.16 0.008 0.010 0.017 0.012
Mo 5.41 0.013 0.011 0.012 0.012
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Fig.5 Schematic images of YAIO3(001)/TiC(100) interface models: (a) Y-C; (b) Y-Ti; (¢) O1-C; (d) O1-Ti;
(e) 02-C; () O2-Ti model and (a")-(f") their top views respectively ™
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Table 4 Volume fraction of phases on hardfacing coating

for samples cooled in air or watert**

Volume fraction

Glass phase Eutectic Hard phase
Air Cooled 0.14 0.20 0.66

Water Cooled 0.15 0.16 0.69
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832.5 958.9
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Fig.10 Specific wear rate against microhardness for hard-

facing coating cooled in air and water-**

VN TR KR 2 Y S L R AR BLAE VS R
RS HIA T M Bk, Zhang 1 358 T /K VK
RGNS Fe-Cr-C A 4 1Y TIOW 21 23 K i JEs P g A8
R IV HE JE B AR WA KB P H R A TIRE
A RLIR B —125 °C B [ A 4 728 4 3] in ok o Ot I 1%
AR ARAR B L A SRR R A AR L
1A B LG AR S, 5 85 B 48 57 L C 1 i v DA S B 1) 1) A
AR IR e LA SRR A e DL R A AR L X 2
LA A Tl S MR B TH1 FE A

4 2 iE
1 B %

BRI AR G B o AR PR T R A 2 AR R
AL BT P P RE A KA A B — P A 5 02 0 A
1 il i AR AR PR A BT WA AR T TR 22
P L5, Pk RE VA 22 728 5 0 M AR S DX T 52 31 ) 92
Aol i DAAE B AF T AR S (AT R & 1 X Bk 2 M AR
F VAT i % HE— 25 T R TR B B A ]
WH9E B A 2R A .

(1) FAI & 4 2 31 s ME AR 5 e T 2 4k B 19 1 0
AR A A TCR BUS N2 A2 i 2 Pl i AL ) L B0 1 4y <5 Tt
S i PR S X T S A T A R 1 £ e L I ) e
e JFH .l Zonaeeidm. KT RN a 1
FH 78 i Tk AT s P g B ) e i i FG 9 1 A )

£, 8 WAL .

() - E AWy i T HAL 7 9 W B Rk S M hg L 7R
rn R 20 A6 RN A% BT A 7 T BRI R ROR  EEER M
TEXT W A= e Ak W 00 A Ak A 38 B AR AR 5 5 SR AR S5 A
FILR AL A E B Y . X XA B 2 20 2 Fn i
THERE R A BN .

(3) Wi 68 UL A B A R 32 vy o 2 P % T v Uk 55
I B AR P 7 < 3l A Sy s A ) 18 5 A L SBORE A 7E A
o] g A AR R BRI A BUR AR L AR U A T
HERERAZTGWRZO0EE. 35, SR
Wi 5y A T LA & ME AR )23 3 SR AN ) i B AR OR L X A
5 B B M4 Bt HE R 2 2 UM Re B A 2R X,

() AT EEAR IR & o 38 o PR 3T 20 e 20 i 72
B4 ] DADE A G i A 20 20, 32 SR L7 4 Ak 2 2 42
HEARAE (3G R 5T AR AR FR S 048 T T X A AR TE A
TG MB RN T AKEE A 542000 5 1
T} J A5 3 30— 2D 42 T
4.2 B B

(D) Ao A, i 5T A00RE AR 5 58 44 ) 1 AL TR 45
RE A AT 2 HE AR 2 A R 55 b T, /N L2 25 R
W B A5 A RE R 2 A A 5 B A &5 5 A AT R
ZE P 3 5 Ak , BRI 5L T Ab 1Ay B 2 S Y R e
R 843 R HE A TR A iR Ak AR 4R B DR

AR AL o B A Wy 7 Ao A8 1o A A48 TaT | ) el
JE B T PR A T 22 S T B AR Y A A D T 2
MO T JH A IR o) B A A AR A HLTR] . 3 e AR R S
VRS A C IR, U R Ab Y A OB S
A K7 1), 5 B A ) SR AR T ) BT HE AR R AR
o, ]l b ) 2R B B v A T

OHEREPM A . kAL By . 00 AL By 55 B T AR B AE 7E
it 5 4 M2 A8 RE B2 T 9 [R] B, S AT Sk G Y IR L
PR DR O T L AT NS T R 5 R B
JCER B8 J0HT S 638 AV Al 5 R S A B i B 5 38 TG 14
M H a1, MOB S I 1H 25 08 Gl AR T
T AEZHU K b PR BE 98 45 A BT A 4 98 A 2 A ok
o 3% B2 AR 25 4 1) 0, 51 4 Je A ™ i A3

OB ITE . T Imatpro THE A, B X} HE 4R
B 4 B R P R A RS A TR R R T % TN L 3 T Sy
G4 1Ry BT Ao 0 A B I B AR . T
Castep F/F w51 X5 HE BG4 rh i Ak W 0 AR 2544 L il
SRR A ) B 2 M R AT IR TE AT NN T SR B 1k
Y56 4 J0 R Z 8] S M A% BT 0 BIAS BF 5T, X O BF
SERs AR 10 T2 WAL ] A A A AL B R A — 2 i 5 R
X,

SE WK

[1] ChenC X, Zuo Y Q, Liu B X, et al. Microstructure and



11114 35 %t

24

# 2023 4E4 11 GO

[2]

(3]

[4]

(5]

[6]

(8]

[9]

(10]

[11]

[12]

[13]

[14]

wear resistance of nano titanium dioxide strengthening
hardfacing material[J]. Vacuum, 2019, 162;: 175-182.
Wang D, Sun J, He Q. et al. Failure analysis and im-
provement measures for crankshaft connecting rod of re-
frigerator compressor[ J]. Engineering Failure Analysis,
2022, 141: 106585.

Findik F. Latest progress on tribological properties of in-
dustrial materials [J]. Materials & Design, 2014, 57.
218-244.

Sabah S A, Hassan M, Bunnori N M. et al. Bond
strength of the interface between normal concrete sub-
strate and GUSMRC repair material overlay [ J]. Con-
struction and Building Materials, 2019, 216. 261-271.
Duan J X. Study on Abrasive Wear Behavior of Fe-C-Mo-
V Hardfacing Alloy[ D]. Beijing: China Mechanical Re-
search Institute Group Co. LTD, 2021, 2021.

B30, Fe-C-Mo-V HEIE G 4 R 11T H AT (D], b
5 HLBRLE IS BB . 2021,

Luo J, Zhou X. Superlubricitive engineering—future in-
dustry nearly getting rid of wear and frictional energy
consumption[ J . Friction, 2020, 8: 643-665.

Giinther K, Bergmann ] P, Suchodoll D. Hot wire-assis-
ted gas metal arc welding of hypereutectic FeCrC hardfac-
ing alloys: microstructure and wear properties[]J]. Sur-
face and Coatings Technology, 2018, 334: 420-428.
Awasthi R, Limaye P, Kumar S, et al. Wear characteris-
tics of Ni-based hardfacing alloy deposited on stainless
steel substrate by laser cladding [ J]. Metallurgical and
Materials Transactions A, 2015, 46. 1237-1252.

Wang X Y. Design.fabrication and properties of function-
ally gradientcomposite layers on the seamless steel tube
mandrel[ D]. Tianjin: Tianjin University, 2020.

Foo bl TEEWE SR T IREMEE AR, fil4
KAEREBF [ D], K. KHEAKY, 2020.

Okechukwu C, Dahunsi O, Oke P, et al. Review on
hardfacing as method of improving the service life of criti-
cal components subjected to wear in service[ ]J]. Nigerian
Journal of Technology, 2017, 36(4): 1095-1103.
Balaguru S, Gupta M. Hardfacing studies of Ni alloys: a
critical review [ J]. Journal of Materials Research and
Technology, 2021, 10: 1210-1242.

Gao Z, Ren H, Yu Y, et al. Effect of nano-WC content
on microstructures and wear resistance of laser cladding
Fe-based alloy coatings[ J]. Materials Research Express,
2020, 7(9): 096515.

Mphahlele M, Oke S, Ige O, et al. Effect of TiN nanop-
articles on the friction and wear properties of spark plas-
ma sintered Fe-Cr-Ni[ J]. Tribology in Industry, 2019, 41
(2): 143.

Ozdemir O, Usta M, Bindal C, et al. Hard iron boride
(Fe;B) on 99.97 wt% pure iron[J]. Vacuum, 2006, 80
(11-12): 1391-1395.

[15]

[16]

[17]

[18]

[19]

Chung R, Tang X, Li D, et al. Microstructure refinement
of hypereutectic high Cr cast irons using hard carbide-
forming elements for improved wear resistance[ ] ]. Wear,
2013, 301(1-2): 695-706.

Duan J X. Study on Abrasive Wear Behavior of Fe-C-Mo-
V Hardfacing Alloy[ D]. Beijing: China Mechanical Re-
search Institute Group Co. LTD, 2021., 2021.

B3 0. Fe-C-Mo-V HEAR & 4 I RS 14T A BF X (D], b
A HUBRR 2 BT 58 S Be . 2021,

Christodoulou P, Calos N. A step towards designing Fe-
Cr-B-C cast alloys[J]. Materials Science and Engineering :
A, 2001, 301(2): 103-117.

Lu L, Soda H, MclLean A. Microstructure and mechani-
cal properties of Fe-Cr-C eutectic composites[ ] ]. Materi-
als Science and Engineering: A, 2003, 347 (1-2). 214-
222.

Lai H H, Hsieh C C, Lin C M, et al. Characteristics of
eutectic a (Cr, Fe)-(Cr, Fe),; Cs in the eutectic Fe-Cr-C
hardfacing alloy[J]. Metallurgical and materials transac-

tions a, 2017, 48: 493-500.

[20] Tabrett C P, Sare I, Ghomashchi M. Microstructure-

[21]

[22]

[23]

[24]

[25]

[26]

[27]

property relationships in high chromium white iron alloys
[J]. International Materials Reviews, 1996, 41(2): 59-
82.

Chen X, Li Y, Zhang H. Microstructure and mechanical
properties of high boron white cast iron with about 4 wt%
chromium/[J]. Journal of Materials Science, 2011, 46(4) :
957-963.

Lentz J, Rottger A, Theisen W. Mechanism of the Fe;
(B,C) and Fe,; (C,B); solid-state transformation in the
hypoeutectic region of the Fe-C-B system[]J]. Acta Mate-
rialia, 2016, 119: 80-91.

Liu Z. Effects of Y and Ce Elements on Microstructure
and Properties of Fe-Cr-C-B Hardfacing Layer[ D]. Shen-
yang: Shenyang University of Technology, 2021.
XU Y, Ce JGEM Fe-Cr-C-B #4512 AL SURPE RERY 52
WA [D1. PEBE e PR Tk R, 2021,

Bembenek M, Prysyazhnyuk P, Shihab T, et al. Micro-
structure and wear characterization of the Fe-Mo-B-C
based hardfacing alloys deposited by flux-cored arc weld-
ing[J]. Materials, 2022, 15(14); 5074.

Yang K, Gao Y, Yang K, et al. Microstructure and wear
resistance of Fe-Cr13-C-Nb hardfacing alloy with Ti addi-
tion[J]. Wear, 2017, 376: 1091-1096.

Correa E, Alcantara N, Valeriano L, et al. The effect of
microstructure on abrasive wear of a Fe-Cr-C-Nb hardfac-
ing alloy deposited by the open arc welding process[ ] ].
Surface and Coatings Technology. 2015, 276 479-484.
Correa E, Alcantara N, Tecco D, et al. The relationship
between the microstructure and abrasive resistance of a
hardfacing alloy in the Fe-Cr-C-Nb-V system[]]. Metal-
lurgical and Materials Transactions A, 2007, 38 (8):



PO S BRIEHR IR G B R IR R W

P B WF 50 3

11115

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

1671-1680.

Cao Y bin, Zhi S xin, Gao Q. et al.
of in-situ NbC in Fe-based laser cladding coatings[J]. Ma-
terials Characterization, 2016, 119: 159-165.

Liu S, Shi Z, Xing X, et al. Effect of Nb additive on wear

Formation behavior

resistance and tensile properties of the hypereutectic Fe-
Cr-C hardfacing alloy[ J]. Materials Today Communica-
tions, 2020, 24. 101232.

Huang F, Renwei L., Zhen'an R, et al. Effects of high
carbon ferrochrome additions on the microstructure and
properties of Fe-C-Cr-Nb hardfacing alloys[J]. Materials
Science, 2021, 27(2): 161-166.

Yu R, Chen Y, Liu S, et al.
Nb-containing hypoeutectic Fe-Cr-C hardfacing alloy un-

Abrasive wear behavior of

der the dry-sand/rubber-wheel system[]]. Materials Re-
search Express, 2018, 6(2): 026535.

Wu L, Xiao F, Wang Y, et al. Effect of vanadium on mi-
crostructure and wear resistance of Ni-Cr alloyed cast iron
[J]. International Journal of Cast Metals Research, 2013,
26(3): 176-183.

Bedolla-Jacuinde A. Microstructure of vanadium-, niobi-
um-and titanium-alloyed high-chromium white cast irons
[J]. International Journal of Cast Metals Research, 2001,
13(6): 343-361.

Elghazaly W, Rashad R, Elmohr S, et al. Influence of va-
nadium and boron additions on the microstructure, frac-
ture toughness, and abrasion resistance of martensite-car-
bide composite cast steel[ J]. Advances in Materials Sci-
ence and Engineering, 2016, 2016.

Wang H, Yu S F. Khan A R, et al. Effects of vanadium
on microstructure and wear resistance of high chromium
cast iron hardfacing layer by electroslag surfacing [ J].
Metals, 2018, 8(6) . 458.

Minghui Z, Xiaoxia ., Zhen M, et al. Effect of vanadium
alloying on microstructure and wear behavior of two-body
abrasive particles of Fe-5.5 wt% B surfacing alloy[]].
Materials Today Communications, 2022, 33: 104696.
Comez N.
sistance of Fe-C-Cr hardfacing coatings [ J]. Journal of

Effect of vanadium on wear and corrosion re-

Materials Engineering and Performance, 2022 1-11.
Jian Y, Huang Z, Xing J, et al. Investigation on two-
body abrasive wear behavior and mechanism of Fe-3.0
wt% B cast alloy with different chromium content[]].
Wear, 2016, 362: 68-77.

Kocaman E, Kilinc B, Durmaz M, et al. The influence of
chromium content on wear and corrosion behavior of sur-
face alloyed steel with Fes—., Cr, (B, C), electrode[]].
Engineering Science and Technology, an International
Journal, 2021, 24(2): 533-542.

Jian Y, Huang Z, Wang Y. et al. Solidification process,

microstructure, and mechanical properties of Cr-doped

high boron Fe-based alloy[J]. Materials Chemistry and

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

Physics, 2021, 267: 124592.

Choi ] W, Chang S K. Effects of molybdenum and copper
additions on microstructure of high chromium cast iron
olls[ J]. ISIJ International, 1992, 32(11): 1170-1176.
Liu D, Wang J, Zhang Y, et al. Effect of Mo on micro-
structure and wear resistance of slag-free self-shielded
metal-cored welding overlay[ J]. Journal of Materials Pro-
cessing Technology, 2019, 270 82-91.

Huang C Y. Effect of modification treatment on micro-
structure and properties of High Boron iron Base Fe2.5B0.
43C wear resistant alloy [D]. Nanning: Guangxi Univer-
sity, 2012.

AR AR b BN TR Bk AL Fe2.5B0.43C i B A 42 1
HAFPEREE W FS[D]. BT )W R, 2012,
Purba R H, Shimizu K, Kusumoto K, et al. Effect of bo-
ron addition on three-body abrasive wear characteristics of
high chromium based multi-component white cast iron
[J]. Materials Chemistry and Physics, 2022, 275:
125232.

Giinen A, Keddam M, Alkan S, et al. Microstructural
characterization, boriding kinetics and tribo-wear behavior
of borided Fe-based A286 superalloy[]]. Materials Char-
acterization, 2022, 186: 111778.

Ke Y, Zhang Z X, Hu W qin, et al. A new type of sub-
merged-arc flux-cored wire used for hardfacing continuous
casting rolls[J]. Journal of Iron and Steel Research, In-
ternational, 2011, 18(11). 74-79.

Ding H. Liu S, Zhang H. et al. Improving impact tough-
ness of a high chromium cast iron regarding joint additive
of nitrogen and titanium[]]. Materials & Design, 2016,
90: 958-968.

Wang J, Xing X, Zhou Y, et al. Refining effect of nitro-
gen on M; C; carbides in hypereutectic Fe-25Cr-4C-0.5 Ti-
0.5 Nb hardface coatings[]J]. Materials Science and Tech-
nology, 2019, 35(9). 1114-1122.

Smith R, Doran M, Gandy D, et al. Development of a
gall-resistant stainless-steel hardfacing alloy[ J]. Materials
&. Design, 2018, 143 38-48.

Medvedev A E, Murashkin M Y, Enikeev N A, et al.
Enhancement of mechanical and electrical properties of
Al-RE alloys by optimizing rare-earth concentration and
thermo-mechanical treatment[ J]. Journal of Alloys and
Compounds, 2018, 745: 696-704.

Xiong W, Deng J, Chen B, et al. Flotation-magnetic sep-
aration for the beneficiation of rare earth ores[ ]J]. Miner-
als Engineering, 2018, 119: 49-56.

Leech P W, Li S X. Comparison of abrasive wear in dia-
mond composites and WC-based coatings [ J]. Wear,
2011, 271(9-10): 1244-1251.

Lin F, DuY, Lv J, et al. Effect of NbC on the micro-
structure, mechanical properties, and oxidation resistance

of Ti(C, N)-based cermets[]]. International Journal of



11116 35 %t

24

# 2023 4E4 11 GO

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

Materials Research, 2020, 111(6): 479-490.

Yong Y W. Study on process and performance of laser
cladding nickel based composite coatings[ D]. Shanghai:
Shanghai: Shanghai Jiao Tong University, 2018.

SEMR L. WOCIE BRI S AW R TR e 1 3 5 B Y
(D). . E#sC@E A%, 2018.

Liu S, Zhang ], Wang Z. et al. Refinement and homoge-
nization of M;C; carbide in hypereutectic Fe-Cr-C coating
by Y,O; and TiC[J]. Materials Characterization, 2017,
132 41-45.

JinJ, Sun J, Wang W, et al. Effect of rare earth on mi-
crostructure and wear resistance of in-situ-synthesized
Mo, FeB, ceramics-reinforced Fe-based cladding[J]. Mate-
rials, 2020, 13(16): 3633.

Shi Z, Shao W, Hu T, et al. Adhesive sliding and interfa-
cial property of YAIQO;/TiC interface: a first principles
investigation [ J ]. Journal of Alloys and Compounds,
2019, 805: 1052-1059.

Shi Z, Liu S, Zhou Y, et al. Structure and properties of
YAIO;/NbC heterogeneous nucleation interface: first
principles calculation and experimental research[]]. Jour-
nal of Alloys and Compounds, 2019, 773. 264-276.
Kumar Singla Y, Dwivedi D, Arora N. Modeling the im-
pact-sliding wear characteristics of rare earth additive i-
ron-based hardfacing alloys[ J]. Proceedings of the Insti-
tution of Mechanical Engineers, Part J: Journal of Engi-
neering Tribology., 2017, 231(11): 1486-1499.

Shi Z, Shao W, Rao L, et al. Effects of Ce doping on me-
chanical properties of M;C; carbides in hypereutectic Fe-
Cr-C hardfacing alloy[J]. Journal of Alloys and Com-
pounds, 2021, 850: 156656.

Wang Q. Yang J, Niu W, et al. Effect of La,O; on mi-
crostructure and properties of Fe-based alloy coatings by
laser cladding[J]. Optik, 2021, 245: 167653.

Xia J. Feng Y. Ling Z. et al. Influence of WC particle
content of Fe-based powder-cored wire on microstructure
and properties of plasma cladding reinforced layers[]J].
Journal of Alloys and Compounds, 2022, 922. 166148.
Wei A, Tang Y, Tong T, et al. Effect of WC on micro-
structure and wear resistance of Fe-based coating fabrica-
ted by laser cladding[J]. Coatings, 2022, 12(8): 1209.
Lu]J., Cao J, Lu H. et al. Wear properties and micro-
structural analyses of Fe-based coatings with various WC
contents on H13 die steel by laser cladding[J]. Surface
and Coatings Technology, 2019, 369: 228-237.

Jia R, Liu S, Luo Z, et al. Microstructure and wear re-
sistance of WC and high chromium cast iron hardfacing
layers[J]. Coatings, 2020, 10(9): 852.

Yu X, Bai X, Shi X, et al. Microstructures and properties
of wire and arc additively manufactured steel matrix com-
posites with addition of WC by gravity-driven side powder
feeding[ J]. Journal of Manufacturing Processes, 2022,

[67]

[68]

[69]

[70]

[71]

[72]

73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

81: 236-249.

Zhao C, Zhou Y, Xing X, et al. Investigation on the rela-
tionship between NbC and wear-resistance of Fe matrix
composite coatings with different C contents[J]. Applied
Surface Science, 2018, 439: 468-474.

Xi W, Song B, Sun Z, et al. Effect of various morphology
of in situ generated NbC particles on the wear resistance
of Fe-based cladding[]J]. Ceramics International, 2022.
Cao Y bin, Zhi S xin, Qi H bo, et al. Evolution behavior
of ex-situ NbC and properties of Fe-based laser clad coat-
ing[J]. Optics & Laser Technology, 2020, 124: 105999.
Xiao M, Zhang Y, Wu Y, et al. Preparation, mechanical
properties and enhanced wear resistance of TiC-Fe com-
posite cermet coating[ ] ]. International Journal of Refrac-
tory Metals and Hard Materials, 2021, 101: 105672,
Chu Z, Wei F, Zheng X, et al. Microstructure and prop-
erties of TiN/Fe-based amorphous composite coatings
fabricated by reactive plasma spraying[ J]. Journal of Al-
loys and Compounds, 2019, 785 206-213.

Li D, Liu Z, Su Y. Effect of TiN on microstructure and
wear resistance of Fe-Cr-C hardfacing alloy: experimental
research and first-principles calculation[ J]. Materials Re-
search Express, 2018, 5(11): 116513.

Du B. Zou Z, Wang X, et al. Laser cladding of in situ
TiB2/Fe composite coating on steel[ J]. Applied Surface
Sciences 2008, 254(20): 6489-6494.

Zhu W, Kang M, Ndumia J N, et al. Microstructure and
wear properties of TiB; reinforced Fe-based composite
coating [ J]. Journal of Materials Engineering and Per-
formance, 2022 1-12.

Kumar A, Batham H, Das A K. Microhardness of Fe-
TiB, composite coating on AISI 304 stainless steel by TIG
coating technique [ J]. Materials Today: Proceedings.,
2021, 39: 1291-1295.

Sulima I, Hyjek P, Jaworska L, et al. Influence of ZrB,
on microstructure and properties of steel matrix compos-
ites prepared by spark plasma sintering [ ] ]. Materials,
2020, 13(11): 2459.

LiuJ, LiY, He P, et al. Microstructure and properties of
ZrB,-SiC continuous gradient coating prepared by high
speed laser cladding[J]. Tribology International, 2022:
107645.

Zhou M, Sui Y, Chong X, et al. Wear resistance mecha-
nism of ZTAP/HCCI composites with a honeycomb
structure[ J]. Metals, 2018, 8(8): 588.

Zheng K, Gao Y, Li Y, et al. Three-body abrasive wear
resistance of iron matrix composites reinforced with ce-
ramic particles[ J ]. Proceedings of the Institution of Me-
chanical Engineers, Part J: Journal of Engineering Tri-
bology, 2014, 228(1) . 3-10.

Ru J. Jiang Y, Zhou R, et al. Preparation of Ni-encapsu-

lated ZTA particles as precursors to reinforce iron-based



B AE IEHE R A 4 SR TR 2 IS 1 i gt 11117

composites[ J]. Advanced Engineering Materials, 2017, als Science and Engineering: A, 2008, 487 (1-2). 171-
19(11): 1700268. 179.

[81] Qiu B, Xing S, Dong Q, et al. Comparison of properties [86] Sun Z, Zuo R, Li C, et al. TEM study on precipitation
and impact abrasive wear performance of ZrO,-Al, O;/Fe and transformation of secondary carbides in 16Cr-1Mo-
composite prepared by pressure casting and infiltration 1Cu white iron subjected to subcritical treatment[]J]. Ma-
casting process[J]. Tribology International, 2020, 142: terials characterization, 2004, 53(5): 403-409.

105979. [87] Wang H, Yu S. Influence of heat treatment on micro-

[82] LeeJ, Jeong Y eun, Shim D sik, et al. Microstructural e- structure and sliding wear resistance of high chromium
volution and martensitic transformation in FeCrV alloy cast iron electroslag hardfacing layer [ J]. Surface and
fabricated via additive manufacturing[ J]. Materials Sci- Coatings Technology, 2017, 319: 182-190.
ence and Engineering: A, 2021, 809: 140943. [88] de la Rosa F V, Sanchez R T, Holguin-Momaca J T, et

[83] Choi S W, Kim Y S. Yum Y J, et al. A study on al. Sintering and wear behavior of a FeCrCB hardfacing al-
strengthening mechanical properties of a punch mold for loy applied by tape casting: a study of cooling rate effect
cutting by using an HWS powder material and a DED [JJ. Journal of Minerals and Materials Characterization
semi-AM method of metal 3D printing[J]. Journal of and Engineering, 2020, 8(05): 393.

Manufacturing and Materials Processing, 2020, 4(4): 98. [89] Zhang J, Wei J, Wei S, et al. Effect of cooling conditions

[84] Albertin E, Beneduce F, Matsumoto M, et al. Optimi- on microstructure evolution and wear behavior of high
zing heat treatment and wear resistance of high chromium chromium cast iron hardfacing layer[ J]. Materials Let-
cast irons using computational thermodynamics [ ] ]. ters, 2022, 314. 131417.

Wear, 2011, 271(9-10) . 1813-1818. [90] Zhang J, WeiJ., Wei S, et al. Microstructure and abrasive

[85] Zhi X, Xing J, Gao Y, et al. Effect of heat treatment on wear resistance evolution of water and liquid nitrogen
microstructure and mechanical properties of a Ti-bearing forced cooling Fe-Cr-C deposit[ J]. Tribology Internation-
hypereutectic high chromium white cast iron[ J]. Materi- al, 2022, 174. 107732.

Research progress on wear resistance of

surface coating on iron-based surfacing alloy
HUANG Haitang" > *, CHEN Denghua' **, HE Qubo' *?,
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Abstract: The material surface loss caused by wear is the main problem faced by mechanical parts such as agri-
culture, mining and earthwork equipment. Surfacing alloy with excellent wear resistance on the substrate by
surfacing technology can significantly prolong or improve the service life of mechanical parts. Compared with
nickel-based and cobalt-based surfacing alloys, iron-based surfacing alloys have the advantages of wide composi-
tion range, easy performance regulation and low price, so they have attracted the attention of scholars. In this
paper, the research progress of wear resistance of iron-based surfacing alloy surface coating is comprehensively
evaluated. The strengthening methods of wear resistance of iron-based surfacing alloy are summarized from
three aspects; composition design, compound doping and post-treatment process. Some views on its develop-
ment direction are put forward, hoping to have certain guiding significance for the future development of wear
resistance of surfacing alloy.

Key words: surfacing; iron-based alloy; wear resistance; organizational optimization; surface strengthening



