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Table 1 Composition of test material (/%)
Material Ni Cr Mo Mn Si o B Fe
U71Mn rail - 1.10~1.50 0.15~0.35 0.65~0.77 - Bal.
FeCrNiB 1.0~1.8 14~16 0.7~1.3 0.8~1.2 0.1~0.2 1.1~1.4 Bal.

HCI+20 mL C,HsOH VR &V MR ik 10~15 s. &iAFES
BNk 2 fin. JCREEAAN 3 mm, EOelksE N 10 ms,
HAEHA 111, #SE 180 Lh, BRI 80 r/min,
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Fig.1  Tensile schematic diagram of trapezoidal groove on

transverse and size of tensile sample
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Table 2 Experiment parameter

Sample No. Power, P/W Scanning speed, V¢/mm s

Feeding rate, Vi/

Defocusing amount/  Cladding width/ Cladding height/

g -min™ mm mm mm
1 1200 5 22 15 3.284 0.937
2 2000 5 22 15 3.284 1.152
3 2500 6 22 15 2.734 1.321
4 2500 5 22 15 2.842 1.639
5 3000 5 22 15 3.099 1.624
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Table 3 Size of cladding layer of substrate
;’ Sample  Weld High Weld Dilution
z No. width/um melting/um  penetration/um  rate/%
1 3456 1018 379 27.13
2 3384 1152 417 26.58
3 3040 1399 330 19.09
g 4 2992 1731 399 18.73
= 5 3442 1703 498 22.63
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Fig.2  Macromorphologies of cladding layer of substrate

Koladh . wlE 3b HAR ALV E Y HOT A B 2k 5 4%
TR 45 (0 5 T 2 B [ [ A SE TV, #E SE I 46 A S i
PRI X 2 N BRI AR DA S /b ek BT SR 2R
FERALAL R, BRI B 54578 JZ IR R RE R, dki
BA TR KRB A B 3 2 2 a F ALK 22,
FE BRI EGRALR, Bodh B R B, HIUk
ALK, WO A KR &R iz

BAE G G B B R A, IS R
B BER N, dRLA 78 KR IS, o R AR K T
R, RsbK, AFRTEEZ2EIFE MK, wE 3d
W 7 J2 T BROIR ot R R B o 4k 48 A K i I AR
B, SRR ARSE, pHBs, B
A . A BB, BREMKREEERK,
TV A% 22 100 14 I B2 5K, BRI BU Al O A% 281K K
B Mmook, SRDmtEkgntol, A& 3a~3d AT LLAE HHL
EXRMNEBBZS G R, TR LREE K
TR, IBEBZHAY SN, BT RFMRE
gt . ERIE SRS, BB RS A H A,
BRI R, TRBEREE R, & TB B K r) it ¥4 B,
1 8 6 4 2 B4 A Ak R A
2.3 BRERSEKRATENS

A EIREZ R maE R EDS JiR& N AilnE 4a
Fras, [Fl—7KPE Eon R, TR
Rif. BEk5EEZF MY EDS ju&m» At 4b
Frs, B R BT o RS, EEEN 180 um &b
I E SRR T, %A Fes Cr B3R A IS5
A, BLESSGIX MM T =AM, TTRIRERE
BAK . WRFERRFEBRAC, WL Wi I AR FE RS, ¥
e TE B S AR 2 1] R A g A ot i L R
RETE GRS & X IR S R A A AT &0, Mn. Ni
A Si 3 My R R I 5 43 Aii

Kl3 JEfk. BEBIRE . B8 E A aE BT OM H 2
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Fig.4 EDS element line distributions of the interface of the

cladding layer and substrate: (a) horizontal and (b) vertical

2.4 BRERRMBEDN

AN [ BRI Ty 256 R 421l T S S 2 A5 Bl A R 2
s, Bl 5 4l T RSB VRIS SAEERT
f10 1 2 2 0t IR e IR B R o BEAARRE BE (HV )
3038 MPa /15 , J& 78 = il B (HV, o) 7E 7350 MPa /e 44,
I TIE 242%. IB7EJE B 2 BN P8, PEREELER
FasE. IBEZHLIFH Fe 5 Ni iR SR (Fe, Ni)
[ v A, 42 v o B 1) [RD I SOAR R IF I 38, &4
W Cr & &k 14.55%, Cr AgPH 17 28 4k 3k 1M RE 4 32 B
T BTV I o B A i et e 9

EFAR B m S TR, fEIR = i Ak B
RLDR AN FIR I A BR e e, AL ZURdn, Fr )2 [R] BE S 4h
KM, TR i A R R AR RNIB TR 1A 2 2 AR 18] 28 R )
NUMOREY), AR MR, X R
I R R i 0 R R O R i B B o ()
4 /N3G K, X2 BT v RN, SRR AR R R
Mk R AR 5B AR I SO 2, XA I B IS 2
B S8 1k A8 T B AT A, DR T R o R s K ),
FEE 6 th g A B EOGR R EE A RIA K K, $i
T JE R FE R SER EE ,  ORLIR BR O A BT IR RO A
HA B AT B M.

W5 72 2 50 vy )RR P T 5 A2 17 B P 3 T 5 2 L v

MK, AT LA RO iR THN B AL R 5 i .
2.5 IRERYBSIF

9 B8 I K A 2 A R S 0 A B H R A R R
gy, ST E Z T AT XRD PAH 4 b, g B
7R, R JE H L A SRR AR (a-Fe) Fego.1Crig 7+
Cr;,Cs #H. Cr,Cgy B 57 AH FL G B B2 AN L5 & iR B iy Y
PR B L LS Tk R P AR R T SR A A O, R R
B AN TR BT Y DT R B R A 7 R
Ae. JEEE T REM IR AL G L CrCy #H 32 b T-7E
WOt E S bl ¥ REBOLRE & B 2 & iR E
ik Bl — 8 FR FE I 22 UK Cr il C ot 2 B R R A %
Cr:Cse N T #E—BWFF AL NS, X1 = b al ge
AL 27 S R BEAT T AH ORI 250 b S . IR T T 2 A
R, ZHRANMARATEAEESERLZHTER
Cr. Fe 5 C ZIA1 4 il A ¥ AL 2 S B o EAT] 2 1A
F74E LR B R

7Cr+3C—Cr;Cs (1)
AG'=-174.401-0.0259T(298 K<T<2180 K)  (2)
3Fe+C—FesC (3)

900 T T

800 - Cladding zone ||r_1ter_fa§:q

,t g L

Hardness, HV/>9.8 MPa

. 1 1
400 800 1200 1600
Distance/um

5 No.4 BRI 5 SO B 5 82 1) IR
Fig.5 Microhardness and corresponding indentation of sample

No.4

6 EETTEBE
Fig.6 Microstructure of the middle of the cladding layer



F12 BERK A U71Mn PUEREHOGHEH1E FeCrNiB 187 2 L Z 5HL MR 4679 -
AG'=25.92—0.023T (298 K<T<463 K) (4) 2000
AG'=26.67—0.025T (463 K<T<1115 K) () \ e
AG'=10.34—0.010T (1115 K<T<1808 K) (6) b D oo
vk Gibbs [ HfE AG'(kJ mol™) iR FE I 5 R 2 8 § 3000

Pk AGTU/NRBIEA ST, FTLA CroCo ZEM L g

PR 5 A 5 & B, T FeaC AR Ak £ AR £ 2000/

[Alt, XRD 1 SEM Faill #4478 2 & A KER CrCs 1l

BH FesC. 1000 , , , , , .
AL, 1T By Si SEEIR TR RIEYIE A e

P I 5 B AL AT R AL S SR ALAR , H T B,

Si TEARBA, Fi UMK YA A £ XRD M7 WOLKEZ G XRD i

T e A B T A 0 Fig.7 XRD pattern of laser cladding layer

2.6 BERTEMLENH
SRR FEE B g B FO 5 4 2 5 B T %2 7 R o ]

FEEEBERIRR, RS ERR R E 4 Fiz.

MBS SR, RAENEHENEEEN 5-8 T %0 \

fr, SEOR BB BRI RSB EI0 3-6 (%, W RN £ -100) Pl

B B A S AR T B B B AR & 150/ crcs

REHR AR E FL, 7 LKA 2 RO B e B AR AR T T 5 £ 00l /\

Jidio [ 9a FEEATE 30 N 15 7 1F FI T % I B 4

W, AREMA, 48 Yl R 0 5 R G 0% 500 1% 1500 2000

FORCIR 10 & B BE G o X% i T /e B U f ep, 3R
P 22 T IR 7= A B b s R T R AR Ak, S EBUR B AR
FERRAR, TEBTVIN MR R T, R R FiE 7R
Fe JZARFTED,

9c FyHEAA 45 N5 ) T MBI LS, B
WS TN, B R IR R T RS AR K, B B A
FEANB R o B R R RS BE AR K, 3K 2 R O A ) 1
DA A X IS B 1) J 34, R B G ™ H . 7R KR
PR i i I/ B 4 SR MR . €] 9e D B4 9 30N
WIS, FEE 45 N R S E B R 3R TH ¥ B 51 %
Mo IBEZEP A RIRAETE &, BiETowNE, HEE
JUTTH R K78 2 B s A AL 7E T8 AR A A . ik
AR D BT e, BT AE S R R AL L, 5k
FHFL S £5 LG9 Fe-Cr BHAS T bk (38, DRtbdg &
TR R R A, (R T SR, G
JZ b RIS CAARAY o BRIC AR 10 P TR BB /) T B R
57 B0 R P R Y, B T T R T B
2.7 HhI{RiEEEXTLE

SEESINAS HAR S b R FE 897.2 MPa, I =Y
FARZE SRR 843.1 MPa, W& /N T LK f1F 14
UL sR L, 1Kt T 28 )2 Y 2 38 I s,
3 b ) 2 M e 52 S5 SR BUE RO\ R, P R
BT R, BCAMB A RS By TR AR, J0E LA
AN A A — E B2 .

18 Cr-C #ll Fe-C Gibbs H At 5 I BE 1926 & i 2%
Fig.8 Relationship between Cr-C, Fe-C Gibbs free energy and

temperature

x4 EEERRAESH

Table 4 Parameters of friction and wear samples

Wear Test Time/  Slewing Wear mass  Wearing
position force/N min rate/r min* loss/mg  depth/um
. 30 30 240 1 15
Matrix
45 30 240 0.4 45
. 30 30 240 0.2 5
Cladding
45 30 240 0.15 7

K10 Jy 2 Rl B Sk e i 2, w0, AR
e Al B B, U B2 R ) JE IR B BB . 2 SR H R
HAMUKES, EXHERAE AR A AR, &
1la AFEARRLMFE W DS, Wil B E .
R 0 ERGUNRHE, T2 BR &8 3 U W7 2L
(B B2 K 1 8 A R AN — 19 70 1B 2R GUR W e Dy 1) Pk
R e D ARG AR, AE . HRA
Ir SR GUINRF AL, (ELAE S e 6 m 0 L 008 9 o B
RIZ A 11b Fron, SDHERRET R e 2
W ARAT AL B 0 BR AR R o



- 4680 -

WA ERA RS TR

%5 51 45

1500
1000
500 wum

um 2000° 0

9 ANIFIZET BRI B AR 30 L 0T e

Fig.9 Surface wear morphologies (a, ¢, €) and corresponding contours (b, d, f) under different parameters: (a, b) 30 N; (c, d) 45 N;

(e, f) the upper part (30 N) and the lower part (45 N)
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Fig.10 Tensile curves of matrix tensile sample and butt sample
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Fig.11 Tensile fracture morphologies of the matrix tensile

sample (a) and butt sample (b)
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Study on Development and

Process and Microstructure Properties of U71Mn FeCrNiB Coating by Laser
Remanufacturing

Duan Shaolan?, Lei Weining™?, Ren Weibin*?
(1. School of Mechanical Engineering, Jiangsu University of Technology, Changzhou 213001, China)
(2. Jiangsu Key Laboratory of Advanced Material Design and Additive Manufacturing, Changzhou 213001, China)

Abstract: Aiming at the remanufacturing difficulties of U71Mn track surface wear, low surface wear resistance and easy porosity defects
caused by laser remanufacturing, the technology and method of preparing FeCrNiB coating on track surface by pulse laser cladding were
proposed and verified. The results show that the top of the cladding layer is mainly distributed with fine and dense equiaxed crystals, and
there are more dendrites in the middle of the cladding layer. The dendrite grains have primary and secondary crystal arms, and the lower
part of the cladding layer presents a cellular crystal structure, which is roughly perpendicular to the interface. The existence of Cr;Cs hard
phase and nano-sized granular and flake pearlite structure in the cladding layer makes the cladding layer have high hardness and wear
resistance, and the average hardness (HV,,) of the cladding layer increases from 3038 MPa to 7350 MPa. Under the same friction and wear
conditions, the wear resistance of the cladding layer increases by 5 times. The tensile strength of butt sample is slightly less than that of
matrix, but it can still meet the requirements of rail.

Key words: laser remanufacturing; FeCrNiB alloy; orbital surface; cladding
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