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Table 1 Chemical composition of iron-based alloy powder

Element C Si Cr Ni Mo B Fe

Mass
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Table 2 Parameters in laser cladding process

Scanning velocity /
Laser power /W g . Y
(mm * min )

Powder flow rate /
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Cladding efficiency /

C 1 i 9 )
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Fig. 3 Cross-sectional morphologies of double-layer coating. A,
TTA A, o

(a) Unfused particles; (b) schematic of dilution ratio
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Fig. 4 EDS spectrum of high-speed laser cladding double-layer coating
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HEREHSANIER SRS E RIS EE 55
W8 77 1) i B2 o JBE D T 3 AT % e B R U )
FERIE 6 () fros . 2 5 B 455 B LB
o B4 Fe-Cr-Ni AR N AT 76 1 J28 IS 340 / 56 1k
FTHTAL L S5 G A 1 A

B 6 wmEEOBIEEIRIZ M SEM B,

(D EEMRIEHL; (D) Z5E5 X (o) i (D) TR

JEE M 2T AR R 1 ¥4 3 B G X L T 1 O A
K g 6 (b) s . B BE B R 2247 L85 5
TET Ak ) 21 27 i R B R i A BT 1) e T A
AR T s 1t TP A 4 ST R 5 R R R A A R AR A8
Wl 5 — R & AR ] L 32 W A 0 )2 b R B AR

00 7
,{(‘ ——— T

Fig. 6 SEM morphologies of high-speed laser cladding coating. (a) Whole morphology of coating;

(b) coating/substrate interface zone; (c) middle zone; (d) near-surface
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substrate and cladding coating

Sample E../mV Tow/(pA e ecm™?)
Coating —631.5 0.5267
Substrate —667 15.9478

U T2 it b T B O T R RS B CH 3 A 1Y
Y o)V B AL I A TR I B AL ) . e e
T BLE 20 /I (20 ORE T DL e TR U2 [V TR A
TFI] 14 LAV 25 DK 2 MG ok R R 5 0 /0 o 3 1T 119 K o7
P T A A R ) A% 5 A A A L 3 AT
RLJEE 73 A1 23 TR [ R v & < D0 3 [ 95 B2 A7 B
TV L A B RO DR R AR S L BT R S
B b A JBT 9 k5 % )2 vB JE B AR W AT LRI
PO 8 B3 T 2

4 4k 1w

O B R R IR Z SRR R R S S
U J2 1 2 T RELRE B2 AIG A0 R 250N s AR T LD

BN R ZE LA A e RO 8 T 20 4 Y
BRAE R 2 I R S LSV A 0 | 8] Ry 22 57
BN iR A S 5

SR FH e R O A B T2 o A B R U R A A
Sif Pl I 9 i Ak B G R4 T A R AR 3 Y il
RE TG ok v O T 24 D ARG 3.3 00 T el 1 E
EibSEYE; a8

o TG K B AR AR 1Y U R TC I8 o 3R T U B
i A0 R T el S S L B U SR A AR A
e L HOL I BEAE B2 v AR AR Y [ s 1 2
T PR BE R TR 2%

& % x #t

[1] Sun HY, Yang Q, Fan J L, et al. Development
status and trend analysis of Xinjiang coal and coal
chemical industry [ J]. Coal Economic Research,
2020, 40(2): 57-61.
INEEE, B, BEA I, SF. RS R KO AL T
R G EH P, HEREFPG, 2020, 40
(2): 57-61.

[2] Huang L F, Sun Y N, Wang G J, et al. Research

1002122-6



48 % F 10 H1/2021 £ 5 A/RE#E

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

progress of laser cladding high-entropy alloy coating
[J1. Laser & Optoelectronics Progress, 2019, 56
(24): 240003.

WK, VT, EEE, 5. OB A EOR T A
MESWBETRERD]. BOLS bl F2itE,
2019, 56(24): 240003.

Chen J F, Li X P, Xue Y P, et al. Friction and wear
properties of laser cladding Fe901 alloy coating on 45
steel surface[J]. Chinese Journal of Lasers, 2019, 46
(5): 0502001.

MREGTT, Z5/0F, BEWF, 45, 45 B3R MO e B
Fe90l & & M BRI MMEREJ] . HEREOE, 2019, 46
(5): 0502001.

SuLC, LiS, DuXY, etal. Analysis of hydraulic
laser cladding remanufacturing

support column

performance, economic benefit and environmental
benefit[J]. Inner Mongolia Coal Economy, 2015(4):
25-27.

BB, B, M, S WRE SR ROLR
P 1 AR R TR A AR MR IR R 25 AT (0.
WU, 2015(4) 1 25-27.

Raykis O. Alternative with afuture: high-speed laser
metal deposition replaces hard chrome plating [J].
Laser Technik Journal, 2017, 14(1): 28-30.
Schopphoven T, Gasser A, Backes G, et al. EHLA:
extreme high-speed laser material deposition [J].
Laser Technik Journal, 2017, 14(4): 26-29.
Schopphoven T, Gasser A, Wissenbach K,

on ultra-high-speed

et al.

Investigations laser material
deposition as alternative for hard chrome plating and
thermal spraying[J]. Journal of Laser Applications,
2016, 28(2): 022501.

Wang Y Y, Niu Q, Yang G J, et al. Investigations

on corrosion-resistant and wear-resistant coatings
environmental-friendly manufactured by a novel
super-high efficient laser cladding [J]. Materials

Research and Application, 2019, 13(3): 165-172.
ERBREK, 40, HiEd, & e otsE RS
o i phobe B U 2 L] AORHEIESE 5 L 2019,
13(3): 165-172.

Lampa C, Smirnov I. High speed laser cladding of an
hard

Journal of Laser Applications,

iron based alloy developed for chrome
replacement [ ] ].
2019, 31(2): 022511.

Li L Q, Shen F M, Zhou Y D, et al. Comparison of
microstructure and corrosion resistance of 431
stainless steel coatings prepared by extreme high-speed
laser cladding and conventional laser cladding [J].
Chinese Journal of Lasers, 2019, 46(10): 1002010.
R, Bk, MR, & BREROCHEESE

HUHOBIRBL 431 A8 85 B UR )2 OV AL 2RI TR ok 1 4 F

[11]

[12]

[13]

[14]

[15]

[16]

[17]

1002122-7

e [J]. E#OE, 2019, 46(10): 1002010,

LiY, Bai R X, Lou Y L, et al. Microstructure of
ferrous alloy coatings deposited by 1.8 kW high speed
cladding [ C ]//Proceedings of the 21st

International Thermal Spraying Symposium and the

laser

22nd National Thermal Spraying Annual Conference.
[S.1.: s.n.], 2018: 77-82.

A, A%, L, % 1.8 kW B EORE E &
REGTZ5HAEWC]/ /B =+ — Ju B x4 om
BT SBHE R e E AR E SR CE. L
ANt ARE A D, 2018 77-82.

LiS C, Mo X, Xiao G, et al. The microstructure
characteristics and their influence factors during laser
additive manufacturing of metal materials[J]. Laser
&. Optoelectronics Progress, 2021, 58(1): 0100007.
ZW A, S, HE, S SR MR BOE I A S
WOWH R ZE M RFAE S K R [T BOt 5Ll ¥
SPERE, 2021, 58(1): 0100007,
Quality

Inspection and Quarantine of the People's Republic of

General Administration of Supervision
China. Seamless hot-rolled steel tubes for hydraulic
pillar service: GB/T 17396—1998 [ S].
Standards Press of China, 2004.

SIECPNI BN P i = 08 o R S B2
SO BEL R SE AT . GB/T 173961998 [S]. 4t
50 E BRE AR, 2004

Bian S, Zhang Y T, Wang C Z, et al. Phase diagram
calculation for Fe-Cr-Ni system []J].
Shenyang Ligong University, 2011, 30(6): 17-21.
WA, KEZ, FRE, % FeCr-Ni R A5
(1. BT RS54, 2011, 30(6): 17-21.

General

Beijing :

Journal of

Administration of Quality Supervision,
Inspection and Quarantine of the People's Republic of
China.
grain size: GB/T 6394—2002[S]. Beijing: Standards
Press of China, 2003.

A NRIEFIE E B R AaE SR, &R
S8 JORLJEE I A€ 35 0 GB/T 6394—2002[S]. db 5t
Hh [ b o Y RAE 2003

Fan P F, Sun W L, Zhang G, et al. Microstructure,

Metal-methods for estimating the average

properties and applications of laser cladding Fe-based
alloy gradient coatings[J]. Materials Reports, 2019,
33(22): 3806-3810.

SR, INSCER, BRI, AF. BOGB B BRIE S &M
WA LUk B K i D] MR TR, 2019, 33
(22): 3806-3810.

He Z M. Study on chromium electroplating process
and properties of fastener surface [D]. Shenyang:
Shenyang University of Technology, 2016.

AT RS B SR T B B L MM RE SR (D] K
BH: PR BH Tk R4, 2016,



48 % F 10 H1/2021 £ 5 A/RE#E

[18] Luo H, Gao SJ, Dong CF, et al. Characterization of acid solution [ J]. Electrochimica Acta, 2014, 135:

electrochemical and passive behaviour of Alloy 59 in 412-419.

Microstructure and Properties of Iron-Based Alloys Coatings
Prepared by High-Speed Laser Cladding

Xu Yifei', Sun Yaoning', Wang Guojian', Gui Yongliang”
! College of Mechanical Engineering, Xinjiang University, Urumqi, Xijiang 830047, China;
* College of Metallurgy and Energy, North China University of Science and Technology, Tangshan,
Hebei 063210, China

Abstract

Objective With the release of “Energy Planning for the Core Area of the Silk Road Economic Belt” in 2018,
Xinjiang's coal industry is about to enter an unprecedented significant leap-forward development. In the
manufacturing industry, it is paramount to develop new coating technologies for wear and corrosion protection of
large and high-quality components. The most common process for wear and corrosion protection is hard chromium
plating. Its biggest drawback concerns environmental protection. Moreover, the electrochemical processes consume
much energy and become less economical as electricity cost increases. Therefore, new alternatives to hard chromium
plating are under investigation, and high-speed laser cladding (HSLC) is such an alternative. The benefits of laser
cladding (LC) are low heat input, low dilution with the substrate, less material consumption, and overall good
performance. HSLC overcomes the efficiency obstacle of conventional LC technology, as well as provides an
environmentally friendly and cost-effective production mode for the fabrication of thin coatings on large parts. To
meet the tough health and environmental demands along with industries need for lower costs, high-quality iron-based
alloy coating material suitable for HSLC was prepared. Through the analysis of its macro-morphology,
microstructure, hardness, and corrosion resistance, the basis for improving the corrosion resistance and service life
of hydraulic props is provided.

Methods In this study, 45 steel was selected as the substrate. Iron-based alloy powder was used as coating
materials. A ZKZM-2000 fiber laser system was employed. A defocus of 15 mm was adopted. The diameter of the
beam spot was 1.2 mm. The powders were fed by a powder feeder, and argon was employed as the carrier gas. The
main distinctions between HSLC and conventional LC are the melting mode of powder and the formation mode of the
molten pool. For the former, the focal planes of the powder stream and laser beam are above the molten pool. Under
such conditions, most of the powders are heated and melted before being injected into the molten pool. For the
latter, the powders are mainly melted in the molten pool. At 50% overlapping rate, 260 um thickness and ~7.1%
dilution rate of the coating can be obtained. Macroscopic features and microhardness were investigated using an ultra-
depth three-dimensional microscope and a microhardness tester, respectively. Test specimens were etched using
aqua regia to analyze the microstructure and phase components of the coatings using scanning electron microscopy,
energy dispersive spectrometry, and X-ray diffractometry (XRD). The corrosion behavior of the coating was
evaluated using CHI660E system at room temperature (20 C ). The medium was 3.5% NaCl solution.

Results and Discussions The cladding efficiency of the HSLC process could reach up to 0.243 m’/h. Under the
same process parameters, the growth laws and trends of single-layer, double-layer, and four-layer coatings are
basically the same, indicating that the increase in the number of cladding layers has little effect on the microstructure
of the coating. The HSLC samples were formed uniformly at the macro-level, and the surface roughness was
controlled at 21.38 pm, which was less than 10% of the conventional LC samples (Fig. 2). The geometric dilution
ratio is ~7.1%, which is uniform and dense, in addition to good metallurgical bonding to the substrate. The low
dilution ratio obtained from the HSLC process is due to low heat input and specific metallurgical forms. The result of
the XRD pattern for HSLC coating indicates that the coating mainly consists of « and ¥ phases (Fig. 7). The ultrafine
dendrites with an average grain diameter of less than 2.8 pm are formed (Fig. 6). The difference between grain
sizes is mainly determined by the cooling rate. High cladding speed contributes to increasing cooling rate, which
causes low dilution ratio and dendrites refinement. The microhardness of the coating is about three times as high as
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the substrate. In a 3.5% NaCl solution, the corrosion current of the coating dropped by two magnitudes compared to
substrate, which indicates that a more uniform microstructure of HSLC coatings leads to a higher corrosion

resistance.

Conclusions Cladding layers of iron-based alloy powders were prepared on 45 steel surface using HSLC. The
macroscopic features, microstructure, and corrosion resistance were comparatively investigated. The crack-free
layers obtained with HSLC present good metallurgical bonding with the substrate and a high degree of uniformity and
compactness. At a scanning speed of 3600 mm/min, the coating thickness is up to 260 pm, with a dilution rate of
~7.1% . Compared with the dendrite characteristics by messy dendrites of the conventional LC, the microstructure
of the coating prepared by HSLC is mostly dendrites. Moreover, its microstructure of dendrite is finer, the
difference in composition between grains is smaller, and the distribution of grains is more uniform. The
microhardness of the HSLC coating is three times as high as the substrate under the joint action of grain refinement
and solid solution strengthening. The corrosion behavior in 3.5% NaCl solution indicates that the HSLC coating has
good corrosion resistance, and its corrosion current density I, is two and three orders of magnitude lower than that
of conventional LC coating and hard chromium plating, respectively. Therefore, the coating obtained from HSLC can
satisfy the tough health and environmental demands. In addition to improving the work efficiency, the waste of
follow-up processing materials and resources is reduced.

Key words laser technique; high-speed laser cladding; iron-based alloy; chromium electroplating; corrosion
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