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Microstructure and Wear Resistance of Iron-Based Laser Cladding Layer on
Surface of 35CrMo Steel
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Abstract: 1.C3530 iron-based powder was cladded on the surface of 35CrMo steel substrate by CO, laser
cladding device. The microstructure, hardness and wear resistance of cladding layer were studied and compared with
those of substrate. The results show that the microstructure of the substrate was tempered sorbite, and the grain
size was about 20 pm; the microstructure of the cladding layer was uniform and fine equiaxed grains, and the grain
size was mostly 8 pm. The average hardness of substrate was 254.1 HV, while that of cladding layer was 640.5 HV
and the distribution of hardness was more uniform. Under the same test conditions, the wear loss and wear
coefficient of the cladding layer sample were only 1/7 and 1/5 of those of the substrate, respectively; the roughness
of the cladding layer sample after wear was significantly lower than that before wear, indicating that the wear
resistance of 35CrMo steel was significantly improved after laser cladding. The wear mechanism of the substrate was
plough wear; the wear mechanism of the cladding layer was microscopic cutting, and its excellent wear resistance
was related to the formation of high hardness alloy carbides containing iron, chromium, molybdenum and carbon.
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Table 1 Chemical composition of 35CrMo steel (mass) %

C Si Mn Cr Mo Ni P S Fe
0.36 0.30 0.61 0.98 0.19 0.012 0.014 0.006 2 4%

® 2 LC3530 kEMMLERS (REHH)
Table 2 Chemical composition of LC3530 iron-based

powder (mass) %
C+N Cr+Ni Nb—+Ta Co+Mn Fe
0.07~0.50 18.1~25.0 <1.3 2.5~4.5 VS
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Fig.1 Schematic of pin-on-disk friction and wear test machine
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Fig.2 Microstructures of substrate (a) and cladding layer (b)
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Fig.3 Three-dimensional profile (a—b) and two-dimensional profile (c—d) of substrate sample (a, ¢) and

cladding layer sample (b, d) before wear

B4 0T DA W UG SRR 1) 2 VA
WM B 7 3451 o A s HLI RS ARSI, BLVA I W45 0 75
FE—6~6 pm, FEARERE & A SR 1 B0 2L B 0
2 UM 3% T A7 TE Y 1 3 O 1) 35 50 43 A 0 A B
80, R AR R B IR A FE —0.6~0.3 pm, X
RUVEHEZ AR R R4 TR ER .

F3IPERMMAEESE R, .R, 1 R, 5 FxR
DY TAT P = 2 48 B B AR Y X 5 P 1 S e
B R R . 3 3 T LUE B IS SRR 1 R
FHLEE S8 R, VR, IR, 23 31T 1 000%.
830 %0 A1 480 %% . 1fii 5 2 X BE Y R, A1 R, 5 B B A1y
PR B34 R T R R /MR T B, 3k 38 B B 4 S 0
T2 R 1 2% TORLRES B 0 S IS . B S IR 2 K

RE T DGR AN o 1 D' T8 3 T A 1) T o A1 B 48 D9
Iol /U PR AT e s A A 1) £ ] S
*3 ERITEEGRKEMBRERAHENREHERE
Table 3 Surface roughness of substrate sample and cladding

layer sample before and after wear

" R./pm R,/pm R./pm
jriysd — — —
BHAT BHUE BEET BEE BT BEHE
e 2N 0.074  0.781  0.094 0.881 0.700  4.030
JErE 2 0.076  0.023  0.100 0.030 0.650  0.606
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Fig.4 Three-dimensional profile for wear surface wear scar (a—b) and two-dimensional profile for center wear scar (¢—d) of

substrate sample (a, ¢) and cladding layer sample (b, d) after wear
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Fig.5 SEM morphology and EDS analysis positions of wear surface of

substrate sample (a) and cladding clayer sample (b) after wear
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Table 4 EDS analysis results of different positions shown in

Fig.5 (mass) %
(AR Fe Cr C Si O Mo Mn
sl 75.76 1.24  1.02  21.97
H2  98.46  1.16 0.39
H3 84.83  13.07  0.67 1.44
M4 7405 16.20  0.39  0.96 6.77  1.63
3 &

(1) FEARZH 4N i 8 3R A R ik Ak 4 8 19 [l 2k
RIGAE , SRR SFAE 20 pm 2245 . TGO 16 7 2 40
S0 Y ST AN R S Bl oK L S RE R ST K 2 HE 8 pm
FEAA - YR R S 254.1 HV, T SOCH 2 1 F- 1
B 640.5 HV . H 2 1 5 B2 43 A S 4,

(2) FEAHTA R0 45 10 T L WOt 1 8 2 0RE 1 B
A R AR AR (0 1/ 7, B0 R B SRR RE 1Y
1/5, FLES 5 e 90 o 78 2 aURE 178 2 T HEL AR T 205 S it
A KR G , 6 B 220 LC3530 2k 30y ot I 78
J& 35CrMo 4K I 4 i B 1 BB A5 3] & 5 4 v

(3) FEAR AR B 10 3R 11 A 22 20 BRI B3 Fl R
SRS, B AL A AL A O IE 2 R
FE AN AF AL B AH BV AT I R R B B AL
RHORPIE AR R SR e . G TR S
G Bl B AR T I Ak 1 R0 A o T B P 2, T O I
BGRMEGGICR & &, BB E A %%
e S5 1) v 32 A B AL ) PR IR T 5 2 W 3 4 o



LR ki 3R BE. . 35CrMo 4R & @ 4k R SR B B B 0 0 R Fe it B T AE

MATERIALS FOR MECHANICAL ENGINEERING

defining three-stage coefficient K for AHSS sheet metal
SE Tk forming process[ J]. The International Journal of Advanced
Manufacturing Technology, 2013, 69(1/2/3/4) ; 797-803.
(9] #ouH, v M, H IS, 5. 35CrMo A9 44 I 455 88 in #4 5 e o
BRAERL R RAT W LT ] B ARG & bR R 2 5 TR, 2016
(4): 645-651.
[10] FWeR . xI% T, B, 5. 10 V s Mot EE = a4
SYERELT]. MBS a2, 2018(3) : 222-227.
(117 ATaE4E . e B, B0 45, 40Cr #6 EL A9 0 1 78 )2 41 80 R 1k
g prL)]. BEE T, 2017(7): 59-61.
[12] RIH. 3T FeCoNiCrMn =1 & 4 1Y fb bL AR 1 FEE ZR -7 56
AW F o L) ], R TR, 2015, 28(3) . 131,
[13] CHEN ], GUO C, ZHOU ]. Microstructure and tribological

(1] BREHE, B ZE, A7 B, 55, ARG TE T I R Ak BT 0] 4% Bl 4 20 0
PEREMI ML) ], R fh o5 iE A (5 4, 2017(2): 179-182.

[2] LIANG G, SHI C, ZHOU Y, et al. Effect of ultrasonic
treatment on the solidification microstructure of die-cast
35CrMo steel[ J]. Metals, 2016, 6(11): 260-268.

[3] CHENJ, ZHOU Y. SHI C, et al. Microscopic analysis and
electrochemical behavior of Fe-based coating produced by laser
cladding[J]. Metals, 2017, 7(10): 435-444.

[4] YAO ], ZHANG ], WU G, et al. Microstructure and wear
resistance of laser cladded composite coatings prepared from
pre-alloyed WC-NiCrMo powder with different laser spots[]].
Optics & Laser Technology, 2018, 101 520-530.

[5] FUZ K, DING H H, WANG W ], et al. Investigation on

properties of laser cladding Fe-based coating on pure Ti
substrate[ ] ]. Transactions of Nonferrous Metals Society of
China, 2012, 22(9): 2171-2178.

[14] WU C, MA M, LIU W, et al. Laser cladding in-situ carbide

microstructure and wear characteristic of laser cladding Fe-
based alloy on wheel/rail materials[J]. Wear, 2015, 330/331:
592-599.

[6] HAN B, LI M, WANG Y. Microstructure and wear resistance

particle reinforced Fe-based composite coatings with rare
earth oxide addition[ J]. Journal of Rare Earths. 2009, 27
(6): 997-1002.

(151 farBede, A 4F, smedl, 55, B HR WA RBOLE #E)Z 1
Mt % 5 i JE s PERELD . HUBR TARBLRL, 2017, 41(10):11-14.

L161  alsf, Ak, il WY 5%, 25 35 ik 4 = T 0O 4 8 K e T 9
(1. #1102, 2010€24) : 189-191.

[17] ZHANG X, ZHOU Y J. Effect of deep cryogenic treatment

of laser clad Fe-Cr3Cs composite coating on 35CrMo steel[ ] ].
Journal of Materials Engineering and Performance, 2013, 22
(12) . 3749-3754.

[7] YANG Y, ZHANG D, YAN W, et al. Microstructure and
wear properties of TiCN/Ti coatings on titanium alloy by laser
cladding[J]. Optics & Lasers in Engineering, 2010, 48(1):
119-124.

[8] WANG C, CHEN J, XIA Z C, et al. Die wear prediction by

on microstructure and wear resistance of 1.LC3530 Fe-based

laser cladding coating[J]. Materials, 2019,12(15);: 2400.

MEANOANEANEANEANEANEANENANENANENNEANEA MO NEANEANEANEA MO MO NENNEANEANEA MO MO NI NEA MO MO NEANEA NN MO NEANEN NN NEA MO MO NN NEA MO MO NN NN NEANON

(E#SE 54 )
(110 #Fe, Jrias, A, . 0 A AR IR/ R0k LIS f& (171 #hER, BROL, Eime, 55, Z %R X80 H LM DWTT

SARH LW BITELT]. 4 JE 44, 2002, 38(3): 255-260. PERE R MRS [1]. U T T2, 2013, 42(1) . 32-34.
[12] FRR¥E, BosvzE, #hag, 45, BRI 4l SO R RR AR 1 2% (18] dker#y, Tnt, XIHRTF . . X70 A & B LMAL P AR

fef M )], B8k, 2008, 43(7); 68-71. BRFZRANEALHI BT [T ], AR AL B2 4], 2006, 27(6) .
(130 BRuk, HAmA=. Btk ik 3 048 28 4R 41 2 % 5 ) 1k B 300 5 99-102.

[J]. #ERHAAL BE2E 4R . 2009, 30(2): 57-62. [19] PBigrd, BER, BIEE, % @R X100 L0 T M-A
[14] W&, Reskdk, wmalis, 4. KFEREX X80 L KBTI & BT de st B RS 54) . 2013, 35(4) ; 474-480.

LM R R )], JEatBHE RS 24k, 2011, 33(5): [20] #pomar, XVWE AR, FhAAMT, 4. 5L T2 G £ B RIWA N

557-562. B M/A By sgm [T b mt B8 K= 4k, 2009, 31(2):
(157 XUscwt, HEARMR, 4%, 5. % LA = B ARG X80 45 &M 180-185.

H RS 45 AT O B DA LT ], b BB R A R (210 B4R, mfAe, Z/0 M, & W HHERIEE 5 R EIE X80

2010, 32(4): 444-449. EERMAL KA. 2B, 2010, 46(8): 959-966.
[16] T, RMEFE, PMEIE, 4. LR &0 T X100 540 [22] ZEerdfe, BUAL, BRIk, . X80 LM shdr WIMERE 7K (17, #1

MYV R REL)]. &R AAEFE, 2016, 41(11): 21-25. BHAAL P22, 2010, 31(11); 73-78.

59



