B33 ol KA
202443 H SURFACE TECHNOLOGY 11 -

HARIBBRESERENREER

TE ', BEE, TR BER, IR, Kk
FFE", KEH ' K= MR’
(ITREAS RSEESE, 3T Bl 114051; 2FIRERIK TBRAT,
ST I 113217; 3RO EEMRNERELAD, 8 110033)

WE: BOLBBRAREAN RO R BmBRER R, BAMIAERES, REHFERKLS EAIRE LR
BE&. BINRES. RBAGFRE, EEEBEMH T, BASLERS LS MBMA R AHEE, B
R AARITBAK, SRR SRR T R A BB ARATE) L R A B WS R AT AR A AT TR,
R, AHHERER . TEAM. S BRE T @RS BGOSR BN R RRITT 28, B4
T B A IRBA RS OS2 R, RERD R, 2L ERESEH K, AL OO RELEX
MAte s e LR . RATHR T HAS R, AR E | bR AR, Ehik R F T LAMTERR E R R
T MBI B N HraiE, HFNBT L EARKAES RSB BEEHEFHRR, R, kTR
PR, BEY . BEGFI DB ARERE R SERE PR, BT Mmoo &
AL P AR B R B ARG VE AL, G AT B AS SR ER RN AT QAT T R,

SEEE: OB R SRR TRAHE; MHMRER; TR G

hESES: V261.8 XEREM: A XEHS: 1001-3660(2024)06-0011-17

DOI: 10.16490/j.cnki.issn.1001-3660.2024.06.002

Research Progress of L aser-cladding Fe-based Alloy Coating

LI Yahan', TAN Chengxiang®, LI Mengyao', TIAN Yubo', WANG Ran*, ZHANG Yalong,
WANG Qian", ZHANG Junwei’, ZHANG Liang?, YE Feng®

(1. School of Materials and Metallurgy, University of Science and Technology Liaoning, Liaoning
Anshan 114051, China; 2. Fushun Longye Chemical Co., Ltd., Liaoning Fushun 113217, China;
3. Shenyang Packaging Materials Co., Ltd., Shenyang 110033, China)

ABSTRACT: As an advanced material surface modification technology, laser cladding uses laser beam with high energy
density as the heat resource. By melting and solidifying the cladding material and substrate surface rapidly and simultaneously,
the cladding layer with specific properties can be prepared on the substrate. Compared with other technologies, laser cladding

has the advantages of high processing efficiency, low dilution rate, high bonding strength with substrate, high degree of
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automation and environmental friendliness, thus it has been successfully applied in machining, transportation, petrochemical and
other fields. Among all kinds of cladding materials, Fe-based alloys are most similar to steel materials in composition, and their
cost is relatively low compared with that of Ni-based and Co-based alloys. In recent years, Fe-based alloys have been widely
used in the fields of surface strengthening and remanufacturing of equipment parts. Based on the latest studies in China and
abroad, the research progress of laser cladding Fe-based alloy coatings is reviewed from the aspects of material system, process
parameter, and application of external field auxiliary technology. Cladding materials play a crucial role in the properties of the
coatings. The compatibility, wettability, chemical composition, and physical property differences between the cladding materials
and substrate materials should be fully considered on the basis of working condition and performance requirement for selection
of cladding materials. The characteristics and applications of various materials including Fe-based self-fluxing alloy powder,
stainless steel powder, amorphous alloy powder, and Fe-based composite powder are summarized. The process parameters
during the laser cladding process also play a significant role in the deposition rate, forming quality, phase composition,
microstructure, and comprehensive properties of the coatings. The effect mechanisms of process parameters such as laser power,
scanning speed, laser spot diameter, and powder feeding rate on the forming quality, microstructure, and properties of Fe-based
coatings are systematically discussed. It is worth noting that actual laser cladding process is the interaction between multiple
parameters, which can lead to a complex nonlinear relationship between the process parameters and quality of the cladding
layers. Thus, the application of process parameter optimization in the preparation of high quality coatings is also introduced.
Moreover, reasonable cladding material design and optimization of laser cladding process parameters can reduce the number of
defects in the coating to a certain extent, but it is still difficult to completely eliminate the cracks in Fe-based coatings with high
hardness. Meanwhile, the solidification characteristics of laser cladding through rapid heating and cooling can result in
insufficient diffusion of elements in the molten pool, resulting in poor microstructure uniformity of the cladding layer, which
ultimately affects its performance. Therefore, the applications of external field auxiliary technologies including ultrasonic
vibration field, electromagnetic field, and temperature field in the laser cladding of Fe-based alloy coating are discussed in
detail. The mechanism of external energy field on the melting pool and solidification structure during the laser cladding process
is illustrated. Finally, the future development direction of laser cladding Fe-based alloy coating is prospected.

KEY WORDS: laser cladding; Fe-based coating; research progress; material system; process parameter; external field auxiliary
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Fig.1 SEM micrographs of the FeCrBSi coating: a-b) top region; c-d) middle region; e-f) bottom region
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Fig.2 Flow chart of laser cladding of wind power bearing raceway simulator: a) preheat;
b) laser cladding; ¢) slow cooling; d) dye penetration inspection’
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Tab.1 Some literature reports on laser cladding Fe-based composite coatings

Optimal addition

Average

Fe-based alloy =~ Reinforcement Laser type Wear resistance References
amount hardness
. The wear loss was
Fe90l self-fluxing ;. 10wt.% YLS-2000-TR 504 spv0.2  50% of that of Fe901 [32]
alloy fiber laser .
coating
Wear loss was 1.2 mg,
f:lfl”;ﬁn allo wC 60wt.% ;ﬁgﬁaﬁfooo 1029.2HV0.2  wear loss rate was [28]
g alloy 0.983x10~ mg/m
. LDF4000-1000 .
Fe60 self-fluxing - oic) 20wt.% semiconductor ~ 936HVO0.3 Wear resistance was [33]
alloy laser increased by 1 time
. Wear loss rate was
410 martensite TiC 10wt.% FL-1500 fiber 341y 2 0.153x107° [27]
stainless steel laser 3
mm”/(N-m)
. COF was 0.58, wear
zﬁgo self-fluxing ggrc WsCo 20wt E:Z};lsfgr?lw 827.2HVO0.5 loss rate was [34]
Y Y 2.63x10° mm*/(N*m)
IPG 4 kW COF was 0.313, wear
Fel04 alloy wC Iwt.% ytterbium fiber loss rate was 2.719 [35]
laser 4x107° mm®*/(N-m)
316L stainless TiB, 6Wt.% YLS- 10000 186HV0.3 [36]
steel fiber laser
?t;isrfelsgiteel TiC, TiB, 29.47vol.% Fiber laser 961.94HV0.3  COF was 0.432 [37]
FesssCriseNigoSip;  LayOs 1wt.% LD3000 faser 553 7611v0.3  COF was 0.2 [38]

system
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