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Abstract: In this paper, the effects of different Nb contents on the microstructure and mechanical properties of the cladding
layer were studied by laser cladding Fe-Cr-Ni-Nb powder on the surface of EA4T axle steel. The microstructure of the clad-
ding layer was analyzed by optical microscope (OM) and scanning electron microscope (SEM). The hardness and impact
toughness of the cladding layer were tested by microhardness tester and impact test. The results show that the cladding layer
with different Nb content is mainly composed of austenite, FeNi solid solution and (Cr,Fe),C;. With the increase of Nb con-
tent, the grain size of the cladding layer is refined. However, compared with the cladding layer without Nb, when the Nb ele-
ment is added, the tensile strength and yield strength of the cladding layer are significantly improved. The average tensile
strength increases by 42.5%, 37.7% and 13.1%, respectively, and the average yield strength increases by 26.5%,18.9% and
14.1%, respectively. In addition, the impact toughness of the cladding layer is also improved with the increase of Nb content.

Compared with the cladding sample without Nb, the average impact energy is increased by 8.3%, 9.4% and 26.4%, respec-
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tively. On the whole, the cladding layer with Nb content of 0.9% has the best comprehensive mechanical properties.

Keywords: laser cladding; Nb element content; microstructures; mechanical properties

SRR SRIEAM B R R SGER A5 Nb X EAAT SR MO G A Fe SRR 212V S PERRRYSZ M LT ], HiAIL,2025,55(1) 1 1-8.
Citation: WU Yibin, LUO Zhaoyang, CHEN Wenjing, et al. Effect of Nb on Microstructure and Properties of Laser Cladding Fe-based Coating on

EAA4T Steel Surface[J]. Electric Welding Machine, 2025, 55(1): 1-8.

0 5l

il

VAR, 3R ELRE EAAT 89 424 )z i FH T3t gk
K BN AN G Bl e A IR AR ] Y
B, LA ) A0 ) A 25 0 L, R IR E A 5
iR M TR Rk, H iR 254
AR = E N S o i W R 1 A/ QAR 1 B
52 0] DUSE A A i, ELRERFAR A 15 00U
XA ] S A B

OIS B BN —FoE AU R G HR
FIFH = REHOG R s PR R I, (AR )= S
SEEA R RS LI F R BE [ B R & 4562,
REA SUEE Bi0 , Mo EAERE B AR (T
FVE A2 SF SR A E A 7E EA4T 4%
WIS E O, B N A Sl R A
BIED ARG SR (G E&I0R & <SY%IEMGHE
MR, 4 B HE EAAT 253l 4N 25 T 0O s 7
24CrNiMo & & B A, K B JE N 2 - 24
JRLRASE s AR A AR ] BEATL A 4/ VB TR 2 . 3%
ST 2 %) S0 RN oy e i 8 e R R 4 3 v
TR, 305 T T 40 it 5 Ak A ] FRAR TR
Chen'*'4¢ N7E EAAT ZE30 A0 LG H k311 B3R IG 7
JZ AR SR AR/ N R TR AR, XRD 25 5 /R 45
2 TEYMN Yy M Fe,B, X S8 148 )2 Wi hE
FEMRHET . da/dn-AK ZEFKT TSR IG
JZBENEIELE EAAT SN% 55 24800 A, B8 =% 55 F54i o
SR o O BRI i EAAT Xk ImT
AT B0 2 1) WAL 23 3 B y-Fe A4
BNi; .M, C; Fil Fe,C 2 il ; OGS 7 )5 1 EAAT 9 1Y
Brhrom Ty, (5w R B A IR U ALk O whe v
HEFEAIG ; 22 MR 48 N 7E EAAT 9 3 i HOG A 4
Fe3l4 5 &R E 2 IGHE 2 T2 i BRI A 58
fn[E] ) (Cr Fe),CoAHZ A o 16 78 J2 10 i ol s 1 5
R BT B P Tt (BB EREIPERR R, X dt

WFFE R, R WOGIE # HR A A58 52 0 s
TR R THE R E R AT T 25
J TSROSO T 1B EAAT BRI 7 2 5 49)
P2 1 [R]85, — A e LA 000 2 s B 6
FING 405 R AR Nb U R, B RE A1k ShokL
IR AR R SR BT . AR 45 8 B EORE
TR ND BB EE 54 Ni60 5 , 1A 78 2 A ZH U 41
N AN A B NOC REAT R T Cr G B, A
M TIEE 2R Mbels s NS SRAROE
B ARAE W6Mo5CraV2AIA T ELAH 2 i i £ MoFe-
CrTiWAIND, (x =1.1.5.2.25.3) %2, BEFEH
BCC #H .MC AH /0 & Laves FHZH . BfitE Nb & &
RGN, JE 3 Ak L B ek > RSE RS, 2 AN
FRPEURCR AR X A 5 58 N AR 28 B, s im
Nb fEHE R 12Cr2Mo I R AN A3 B A . 3 BB AF 5
ZE R AE Fe—Cr—Ni 4 ¥ AR Fh B IN&E 2 19
Nb JCZ , 0] DA SR 45 78 2 10 Tl L AL 20 454 A 4
AR RS, B IR TG R R MR G ERe . XA
T3 AT A K R A1) A 2 T A O B R 2R A 7 e
T, Ko T R A i 1) 2 A Ve A B A
AR HBOCIBEHEARL GG & BT INE,
K 4 kW LT BOEAR 78 EAAT 59 3= 1H OB 6
 Fe-Cr-Ni & &K, 4 i iHe B A [\ & 1 1
Nb I X B 5 R R 1 SO A 2 254 R 5
JE AT R A RZ M 3 VR AFR VT Nb T R 7RO
AR AR T VR AL, o 8 B AE =81
B N PRI A

1 KM R
EA4T 440 A2 —FIRAR (5 4 200, 20 T

o LBl A2 A, LSOV ZE 2 ] R QAR /D
AR R LR, W 1 PR o S8 4 i Fe-Cr-



5513

SIHMW , 45 Nb X} EAAT HIR MO Fe iR ZA L 5HEREN M0 3

Ni A AR FEE Nb ok BRES A TIR G 3RS 1R M S 4L
SERA EL 81 1, BRI [A] 4y 3.5 h, 4% 3 4 80 r/min.
Fe-Cr-Ni By AR JCR B S an 181 2 IR , A & A 3
MIBRIE , #3 R UKL B4R M 90~120 pm , A 53 sh itk
H30.78 gfs, FABEHE B Ry 4.537 glem’s FEARA LS
H il A M AR b o WL 1

E1 EATEHNHERMALR

Fig. 1 Microstructure of EA4T axle steel

B 908.8% 0w o
g “'t" *§ fsu:_" 50 pm

El2 Fe3l4 5EMRMAIAIR
Fig.2 Particle morphology of Fe314 alloy powder
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Table 1 Chemical composition of matrix material and self-made alloy

powder (wt. %)

JLHE C Mn Cr Ni Mo Si
EA4T 024 0.74 1.04 0.26 0.25 0.34
0% Nb 0.1 — 17.5 10.5 — 0.12

03%Nb 0.1 — 1.04 0.26 — 0.12
0.6%Nb 0.1 — 17.4 10.5 — 0.12
0.9%Nb 0.1 — 17.4 10.4 — 0.12

JLHE Cu B S P Nb Fe
EA4T  0.15 — 0.002  0.008 — Bal.
0% Nb — 0.65 — — — Bal.

03%Nb  — 0.65 — — 03 Bal.
0.6%Nb  — 0.65 — — 0.6 Bal.
09%Nb  — 0.64 — — 0.9 Bal.
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Table 2 Laser cladding process parameters
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Fig.3 Joint tensile specimen size
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Fig. 4 Impact specimen size of joint
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Fig. 5 Phase analysis results of cladding layers with different Nb contents
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Fig. 7 SEM morphology of the cladding layer when the Nb content is 0.3 %, 0.6 % and 0.9 %
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Fig. 8 Scanning results of EDS surface in the middle of cladding layer
with different Nb content
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ding layer and the middle part of the 0.9% Nb cladding layer show the
morphology
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Fig. 10 Microhardness of cladding layer with different Nb content
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Fig. 11 Tensile properties of cladding samples with different Nb con-
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