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Study on High Temperature Resistance of Fe - Based/Ni-Based/Co-Based Alloy

Coating by High Speed Laser Cladding on Roll Surface
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(1. Taiyuan Heavy Industry Co., Ltd., Taiyuan 030024, China;
2. School of Materials Science and Engineering, Xi’ an Jiaotong University, Xi’an 710049, China)

Abstract: In order to study methods to prolong the service life of rolls, high-speed laser cladding was used on the surface of
5CrMnMo steel, a commonly used material for rolls, and Fe-based, Ni-based, and Co-based alloy coatings were respectively
deposited. The microstructure and hardness of the coatings were tested using a scanning electron microscope and a hardness test-
er. The coatings were subjected to high-temperature compression testing, thermal shock testing, and high-temperature wear tes-
ting to investigate their high - temperature wear resistance properties. The results indicated that the hardness of the coatings de-
creases to a certain extent with the increase of temperature. No cracking or peeling phenomenon was found in the Fe-based and
Ni-based coatings during high - temperature compression and thermal shock tests. From the perspective of wear loss, Fe-based

remelted coatings and Fe-based coatings with added hard phases could exhibit good high-temperature wear resistance. Their fric-
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tional wear machanism at 300 °C were abrasive wear and adhesive wear. All three coatings have excellent high-temperature wear

resistance.

Key words: laser cladding; wear resistance; high temperature wear; 5CrMnMo steel

0 Bl B

5CrMnMo M E B REF N E MRS 0=
E L RIBOE RS, RRIVAESPEEN
SHFEMSM, EREIRE S, FOREHMENSE. S
EIEREY, EHRRET HENKYEREES
PR S FIERE Y | X H) E‘“F]Tﬂitbé’]ﬁﬁﬁ%np :
MUERT IV EFNLERE, BRREMERNE
TR

BABBRAGRERES ROEZR SEY
*ﬂ%ﬂﬂ/ VERR TS EINRE RN/, EEAKE

BEEES, AHHREY RIESIHIEWNE S EKEFE

ﬁﬁ% MERFER, TRNHLBEMEE Fe £,
Ni 850 Co BZ S22, Fe ERBEEERINTIT
HAERESOTENES N EREE REOEM
5@, SRAEERES, HINtEs"  Co B%
REERSNERRE WERRAES ST,

R, BRIKXTRIEIBE Fe £ Ni £ Co %%
THRENT SRS T, AL, K T/EXAS
HH IS B S 7ETE SCrMnMo SNEARREFHIE T Fe
BENE COEGTRE, NERENE AW EME
BATT RGEMHR,

1 X 1§

1.1 XEH&E

KIS P B EA A LR E AL 5CrMnMo 50
R, IAEFTEAN Fe £ Ni 50 Co BESMERIYA
B, Fe BEESMARAMA 16%( REDE, TFE)
Cr, H52 1k H<1%; Ni RESMARBMWE 1 iR,
CoBEEMRIT Cr BN AN 30%, EMEETESR
Mo Ni W &, AFERR, K Fe BEEH R E
F1,Ni ¥ RapE A NI, Co BEMRGE N Cl,
x1 REECEEMARBDTEN (RESE) %
Table 1 Composition of Ni-based composite
alloy powder (mass fraction) %
Ay BRI AROCER BB 1 BERUM 2 BREG SMK

AL <10 <30 <10 >50

¥ Fe BEESMAREEHREDE A FIL AR,
Ni EEEMEAFIEZHEARGLZANI RE,Co BE®

MR EHREGEZ A CLIRE, DE—TRERAN
1t Fe BREHMEE, X Fe BIREHITEBLE, &
BAFL(r)REE FIMAPIOAN WC SHEEE
FAEEH&HNRRRA 2 2R, EREBLBEN
TZE5HMR2 i, RP FL () RENERIZS
BOATHE 1.8 kW H#EE 15 mm/s,
R2 HMABRBERESNEIZSH
Table 2 Process parameters for laser cladding
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F1(r) )2 2.1 30 1.8 35
F2 iRk)2 2.1 30 1.8 35
N1 %2 1.8 30 1.8 25
Cl%ZE 2.7 30 1.8 28

1.2 MWiRoH

BRrEIEN FINL Cl 8 52EXBLEY
2175 10 mmx10 mm MAZHILFE, S VEGA T XMU-
INVA H# 8B F BT CX-SPC X2 B TR Fe
BENE CoERBEHRAL, BFRFI&ENEERA
LI 10 mmx 10 mm A& WIXFE, G R ET A
WRPEERFT R, KB HV-1000Z 7 &
MERBET DN F1L AR FL(r) REF2 RE.
N1 &RZE . Cl RE# TS MeE SN,

BAHIEH FL F1(r) F2.N1.Cl REXBLY
UL 10 mmx10 mm M B, FIRE T AIEK
WEEXGETTDERLY, EHBEEDSI ATE~HN
Gleeble 3800 FAAR AR A 3t 1T #OT WK, &P
FEN S HMEERELTE AN $40 mmx10 mm FH 1K
IR 3 N, ERETAYRMEZ 1000 B,FH
PRt EE, LS 0B IS0 14188-2012 “HiAEMH
R R, ED B REREFE 300 C, AR
£RI8 10 min, HRIXFEREIX TN R E 300 °C, 5
BREHIPAN 25 CHBEKD SHEEREWEE
RERODBELARNRE, ELREVNHAEEE Fid
BIE,

¥ F1.F1(r) F2 N1 .Cl REH &R, i
MR $25 mmx8 mm, $5IXFE R T A $6 mmx15

2



RIH 5

Experimental Investigation

H06% - H30 2026 %6 1 RB2ELENE

mm, %A THTO1-04015 & EBRERIK ISV &
BB ST, TR NKERB 4 ALR T
HE 2 MEREE K FINERE, TESHE ASTM
G-99-2004“E M EM L WAR A", LW H A&
300 CHI500 C Tt 7, RS HHNERKLER
Mo BRSBEERBERGNIREMNBEELKE
MR T, (E A SRR S B AR R RE R EN
M5, BEEE A VEGA T XMUINVA 388 F B 5
MERBERERER

2 ZR54
21 REEGREEE
| ARKREGABE FTWANSE, WE la iy

=, FlREBEKALMN), FHEREM/NHNEKS,
HbpedssReENaER, B 1b £ N1 RER

(c) CIJZ L8, OMIEH (d)
Bl 1 RN M A

Fig. 1  Microstructure of each coating
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Table 4 Average wear loss of matrix and
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Fig. 2 SEM morphology of Fe-based coatings after high temperature friction and wear
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Fig. 3 SEM morphology of Ni-based and Co-based coatings after high temperature friction and wear

(1) REMEENFASHEEYE —ERENE
Ko F1 REF1(r) RE.Cl RENEREENSE
WEHRS, T ZRAFLENTWE M, N1 REEE
BEREFEmERAREEREMRESE N,

(2)F13&E Fl1(r) RE.F2 RE N1 RE.ClL&
BROWRSHIRG, AR BERK,S HREHER
ERIUFNAERE R, RELWERKRE,S HRE
58S EFEE, 200 X HELWEREIREF
HBERER,

BEFITRENERKREE T, SEERK
EMES,Fl(r) R2REELERTFNEEMWNEMRE,
F1 F1(r)&E% 300 C T EEREBIRT N A BN
BERAFREER, Hb Fl AENERBALAEATE,
F2 REAE 300 CTHERBREN ABNERSE:

5

EEMR, HERBRARFLF () REER, Ni E%&
EBTE300 CTHEREREAAMEERS BN E
BOEEBRERE R 3 f Fe BRAEEML, RPN
EREEEREFNSEMEM, Co BREETRR
300 C NHERERE I ABRER,

[ & % x # ]

(1] 2 8,5k 2%, PREDE, 45, 5CrMnMo HEEAIHT LI
ﬁﬁ%&ﬁﬁ%&uyﬁﬂiﬂﬂmmep
67-70.

LI X, ZHANG Y, CHEN Z Y, et al. Pin-on-disc wear
test of 5CrMnMo die steel and the simulation verification
[J]. Die & Mould Industry, 2021, 47(8): 67-70.

(2] wfest, Amm, S, 5 PELTIRREREES
IBYAERMEHTCHEEJ]. bR 4, 2022(9): 1-5
HUANG H G, ZHENG J L, HU Q W, et al. Research
Progress of Hot Rolling Work Roll Wear Model and Opera-



Surface Engineering & Remanufacturing Vol.26 No.3 Jun. 2026

KGR

Experimental Investigation

[3]

[4]

[5]

[6]

(7]

(8]

tion and Maintenance Strategy [ J ]. Hebei Metallurgy,
2022(9) . 1-5.

SRRMS, LT, BEBEK, % FLIRRROE A B T7
B RELT]. MBS S A Zhit, 2024, 53(2)
71-74.

ZHANG J P, WU J Y, XUE S B, et al. Research Pro-
gress on Failure Forms and Repair Methods of Roll[J].
Machine Building & Automation, 2024, 53(2) . 71-74.
DONG Q, ZHANG J, LIU H. The effects of high - speed
steel roll and lubrication on work roll wear and fatigue dur-
ing electrical steel strip hot rolling[ J]. Journal of Failure
Analysis and Prevention, 2020, 20(2) . 432-437.
KOSEKI T. Recent activities in research of casting[ J].
Kawasaki Steel Technical Report, 1999(41) . 67-69.
XU S, CAI Q, LI G, et al. Effect of scanning speed on
microstructure and properties of TiC/Ni60 composite coat-
ings on Ti6A14V alloy by laser cladding[ J]. Optics & La-
ser Technology, 2022, 154. 108309.

B BN, X A, A BOBKETE Fe JE/Ni 2L/
Co S5 BB 2 M HOW S5 1 KU TERE[ T ]. #1Kt
{3471, 2018, 51(4) : 16-19.

ZHAO J, CHEN X M, LIU W, et al. Microstructure and
Wear Resistance of Fe - Based/Ni - Based/Co - Based Re-
paired Coating by Laser Cladding[ J]. Materials Protec-
tion, 2018, 51(4). 16-19.

M, G, £5°58, 55 mEOeE B BIEE
BEWENAL LRI T]. Bt 5t 77t

(9]

[10]

[11]

J&, 2024, 61(17) ; 282-291.

XIANG N X, ZHOU H M, WANG Y H, et al. Research
on Microstructures and Properties of High - Speed Laser -
Cladded Iron - Based Amorphous Alloy Coatings [ J ].
Laser & Optoelectronics Progress, 2024, 61 (17 ).
282-291.

XSG, FFFE . B WOC R B R R AT 5 TR J2 T s
WEFEHERELT]. BT, 2023, 56(7) : 145-156.

LIU Y P, FU H G. Research Progress on Improving Wear
Resistance of Nickel - Based Composite Coatings by Laser

Cladding [ J ]. Materials Protection, 2023, 56 (7):

145-156.
JrOME, FRE, O, F LR AR R R

FIRBE G ER SR B[ 1]. B m,
2021, 42(9) . 81-89.
YIN Y, LIZ H, LI H, et al. High temperature wear re-
sistance of cobalt based cladding layer on the surface of
casting roller sleeve by ultra high speed laser cladding[ J ].
Transactions of the China Welding Institution, 2021,
42(9) . 81-89.
BRfrAE ok I, TR, JURAS [ RE B2 AR 3l 5
KLEBURFAEL )], BEE A4, 1994, 14(3) : 213-219.
SHAO H S, ZHANG Q, WANG C B. Sliding abrasive
wear characteristics of several materials with different
hardness[ J ]. Tribology, 1994, 14(3) . 213-219.
[ BR 3]



