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ABSTRACT: Laser cladding technology is an important green manufacturing and remanufacturing technology to promote the
upgrading of the national manufacturing industry. There are broad application prospects in key industrial fields such as
aerospace, marine transportation, metallurgical machinery, etc. Powder materials are one of the key factors affecting the
application and development of the laser manufacturing technology, among which Fe-based alloy materials possess their
advantages such as low cost, good mechanical properties and wide application range. Specially, Fe-based stainless steel alloys

have been the research focus due to the good mechanical properties and excellent corrosion resistance. The research progress of
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laser cladding Fe-based stainless steel coatings on the Fe-based substrate at home and abroad has been reviewed

comprehensively. Currently, the types of stainless steel coatings have been divided into austenitic stainless steel, martensitic

stainless steel, ferritic stainless steel and duplex stainless steel according to the microstructure. The effects of laser processing

parameters (laser power, scanning speed, cladding mode, etc.), alloying elements (Al, Ni, B, Mo, etc.), additives (ceramic phases

such as SiC, WC, VC, Cr;C,, Al,Os, etc.) and heat treatment (solid solution treatment, low-temperature tempering, etc.) on the

microstructure and properties of the laser cladding stainless steel coatings have been emphasized. The effects mainly include the

general rules and mechanism of the phase constitution, cross-section geometry, dilution ratio, residual stress, mechanical

property and corrosion resistance. Besides, the main problems and the future development direction for laser cladding stainless

steel coatings on Fe-based substrates have been pointed out.

KEY WORDS: laser cladding; Fe-based alloy; stainless steel coating; laser technology; structure and performanceb
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Tab.1 ASS laser cladding coatings reported by literature
%
Alloy Fe Cr Ni Mo Al C Others Ref.
316L Bal. 16~18 10~14 2.0~3.0 — <0.03 P, S, Mn, Si [4-6,11-12,18-19,22,25,28-29,33]
304 Bal. 18~20 8~11 — — <0.08 P,S,Mn, Si  [8,14,16-17,20-21,23-24,26,30-32,35]
Metco-41C  Bal. 17 12 2.50 — 0.10 Si [7]
FeCrNiMo Bal. 16.80 11.50 2.60 — 0.20 Si, Mn [9]
FeCrNiSi Bal. 14.28 3.29 — — 0.23 Si [10]
FeCrNiMo Bal. 17 14 2.75 0.32  <0.03 P, Co, In, W [13]
FeNiCrAl Bal. 14.19 19.95 — 0~5 <0.10  Mn, Si, Nb, B [15]
FeCrNiMo Bal. 16 8.00 6.00 6.00 0.10 — [27]
308L Bal. 16~18 10~14 2.0~3.0 — <0.03 P, S, Mn, Si [34]
11 M TS S8 ASS IRJZ, RIKEE PRIER (1.0~2.0 kW), S8
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Fig.1 Geometrical dimension elements of the
cross-section cladding layer
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Fig.2 Three laser scanning paths: a) same direction and
same side; b) different direction but same side;
¢) different direction and different side
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WRE, VR R AR R S S, R
50% M Fl1 50% A ZH A%, £ iRk (650 C . 1h)
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2.3.3 JBBXRF T IYIE S0
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151 Wen 25O OG22 5 R 7E FVS520B FE 44 Ll
# T H12Cr13 MSS i%)2, KIMHRIZIGHEZHLURY
AY, AR KX RN KX, PR S R Y
BRI RAR . SR, 22 2R T e —)2
XPHT— 2 R A AR, M gifk, SR8 vE ] o 42
5o FEE BTN TIC K ok, 7= Az g2 AL FipT
SRALRNL, nTHE— AR R RE . T, 2RI
iF, Ja— 2% — )2 7 A TR AL ] KRR, AT
TIREWALERE . 1o, 5HAMARERIRZELM,
TSI AT 2 25 PH MSS 18219 J1 22 Mk fig

2.4 EttDRERHER

X H AT MSS U2 I BE AR 8D . Wang
SOV T AL FEXHEOEIE B i 1Cr12Ni2WMoVNb
MSS i EERI IR, K PLZ 1150 CREELLFE S, ke
LAV AR A R S S A, BRI DX R, A TE] A
ARV, S (1150 CREE+580 Clnl k) kR
PR B T UGS M, FIE R TUURES,
AR T84

3 HEMBIRFNER

BREEAEN (FSS) HA S m . M ki
RERIPL AL TEREL: . K RBUNERR S
SR O T F AR 4% FSS 182, LA B SR iy it ok
PERECZO FHXE T ASS F1 MSS, HETXHEOGH 7 FSS
WEBF R SCERIRIE R D, W 2, I EM, &4
JLE . RN B RO T A S B R E T
FSS IRt)2 B S RE A B AFE M, {H LA (14 52 i B4
A IR AT

®2 EMSBRIRERMLEE FSSRE
Tab.2 Laser cladding FSS layers reported at home and abroad

%

Alloy Fe Cr Ni Mo Si C Others Ref.
Fe-based Bal. 24 5 — 0.2 B,Y,O [62]
S44700 Bal. 29 — 4 — <0.01 N [63]
Fe-based Bal. 16.50 1.70 1 1.15 <0.18 B, Mn [64]
Fe-based Bal. 13 — 0.8 12 — B,C [65]
410L Bal. 12.7 0.08 0.01 0.47 0.01 P, S, Mn, Nb, Al, Cu, Ti, V [66-68]
434L Bal. 17~18 — 1.0~1.5 0.8 <0.03 P, Mn, O [69]
RFC 103 Bal. 17 — — 0.8 0.03 B, Mn [70]
31 ASTEHBIN TR, TPERER S . T NI JTRRIA, HEADT

Zhang SFMEFZE T Ni S Xt [ il FSS k24
SUMERE I, & BLRE A Ni & 5 93N 0%~9.15% ),
Creg/Nieg L FFE, #AHH F (Ni=0% ) #7454 A (Ni=
9.15% ), WIMAEEE 643HV R4 % 289HV, itk fE

1] RN T 5 A g S Bl A DA S5 Tl & T AR Ay
Ferz .
3.2 FRMMHE R0

Gao Z WG THOEE EEM CrC, TNt
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FSS IRZMEm, KZBIEIEEERKT, hTFROER
A2 B MR O B & 20 T R, SRR ZE
REE A5 . MRR R, fELZIERER, BEEEXIE
B, I 7R AR T A R0k . W 5% CrsCy
AfZAk FSS A, IRJZFIREE (>1000HV,, ) A%
T 5 4%

3.3 HRLEMFLTZSHHIFIN

Lai 26U E @ik N R RO E T & T 410
Wz, TR RRITR MY, ARG X A M
M, @t 350 C I 5 P4 B Bk 2 s R fT
FURT R o TRIRE, Lai TSRS T 1578 07 ) X 7
JZ )5 5 R ML 0 52, & B ) 45 7 A A5 i TR
EPEREIL S Ho B4, A, WO E T
LEBESMARKRERR R, 410L BIZENRIET LS
R WOETIFE 3.2 kW, HEHEEE 1000 mm/min, %8}
Z 3 rad/min, Wang Z51°UR FOLRE & £ AR H 4
434L FSS/B,C B AUR)Z . WFo KB, Bl & FOCTIR T
Hm (1.8, 2.1, 2.4kW), REHHSALECGEE /D,
X EZH T AR SR, BA AR
A, HBRIRER AL, BeAh, ORI S
TS A VR 0T RE S, s L v o TR0 5 1 R R A 3
K, HTFXRAER, SEEALY FRR AP A B S
ASEII] g AR5 AR A ERIR s PR . kA ARUOME 454
T HIEIAE T RFC 103 FSS B2, B mIG7E
BIES EERZ S AR, WERKHEN

ERHERAROLI AR, JER AN R A T T Z
28

4 FHEBARFWER

BAHFUANER (DSS) HAfeA FSS Bm iy nt i |
i o 1 JEE T RE AT ASS PR R ¥R, TEMUE . A
L fE T AU N Tz, (H B RHUCE L SRk HGE
THOEKHTE DSS B2 (W3 3). Saeidi Z7HI &1y
00Cr22Ni7Mo4N DSS #tIEHEZH “D3Em” A4
241 (100~150 um ) A%, 76 H M F X AFAE R g8 oKk g%
REF IS RS RIX, J12# RS, Ra Al R4y
S5 1321 MPa F1 1214 MPa, A KT 45%, (ET155:
f) ASS. FSS. DSS., T4z 7 Q235 MFim &
FROCTIRAR Mo &5 (0%~4% ) BY 15Cr21Ni7
DSS ikkE . WFFE R, DIRUZAIM MR E Mo & =
BTN, e EREAC, 2 Mo &l 3%, ik
P, X FTEHT Mo 5 C WEM A Cr i,
AR MoC, SR Cr & ien, MmHE s 1 it ik
PE, 24 Mo & HH4kZes KIy, T Fe-Cr-Mo AHIIIE
B, MR M S SIS T TIC B A
(0%~15% )X} 00Cr22Ni5Mo3NDSS 14 2 2H 4 PERE Y
o, R IE IR AR o Ty AHZLR, N TiC )5,
SEJZR Ry MO, EEH o MBI A R 24
TiC N 15%FF, BB B/ y Ml IR I s
FIT R P B TiC & B3 hn w4 v

®3 ERBRIRERMLEE DSS RE
Tab.3 Laser cladding DSS layers reported at home and abroad
%
Alloy Fe Cr Ni Mo Si C Others Ref.
00Cr22Ni7Mo4N Bal. 25 7.00 4.00 — 0.03 Mn, N [71]
15Cr21Ni7 Bal. 21.2 7.10 0.25 0.22 0.15 Mn [72]
00Cr22Ni5Mo3N Bal. 22 6.00 3.20 — 0.05 Mn [73]

5 #ZitERE

O B AR A5 A IR 2 B 9T 4 it L
TER KRG, ERIZNSY . BOE T 4R G 2Rk
SRR T K B SR BRI AL, {0 2= A
RRHERT T 92br Tk B =, BRT, KESEM
B B AT X Ak i b e 3 i O o T R B AR VR U2 Y
FREFIES S ILR | B T ZSH0 s kb B4 A
RN A B RE R 7 T, AR AR B A e
f % BT IR .

1) AEEWURIZ IR BT i nl i )5 5
AN AR A HP 4k R AR B s 2 AT B G AR R IE A
LR &R (5 Cr it Cre Ml Ni 25 Nigg %
w~, WARKGB). @), 2% Schaeffler MK (WA
3), HITAEERR AN ERIRZ BT SR, M

TAEWOCIR LR, W20 5 52 BRI AR K2
Kt i s A% B B A S e, AR AR 23 B 1T 44 X
By [FEE, FEE RO B R, AT ik G b A7
G & IR R AT E AR & I, R, F57E
g oyt R |, 2SOt EHEOR R T 2%
K BOTH S A BOCR B R T iR AR IR R IR
RS WIEE, #r sy T4 HEUS5 PR AR
J, SEITEAR G O R B T B B J2 P e ) Tt A
P
Creq=Cr+2Si+1.5Mo+5V+5.5Al+

1.75Nb+1.5Ti+0.75W 3)
Nieg=Ni+Co+0.5Mn+0.3Cu+25N+30C (4)

DI 4 o0 2 /48 i b 2 AT 5k N S A M 7
JEERER iR 22— BHnE NSNS A A& & on R
Al PR E = A A Boeik, Ni, B, Si, Cu %4
4 TG E LR I [ s AL LA R BT R A R R v A 2
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Fig.3 Schaeffler diagram

() J124 R BE , IR Ru. Mo BGE IR 2 R i M 25
L, TEREEIRIZ W s 1T bl 45 & Z Rl bl
il SE B e RE A o

A, i B AHE G WAEAEX ST 2 | P
RESHLTE . RANENL PRI IR RS I K L 474 ¥ 4k B R
JE AL FRRME . PEAE T A S8 W shim e, it
TR BRGNS AR MR R, VCECAS [ JE AR X
%, SEIAEB AL T 206 1 IX ) KA 244 A9 il s
56, RARE SR —AT7 1

2) RERGIZ RO T 25 A B4 59 il & A
thfb. KReis R, BOLTES8 (YR %
MR, PEE . BERS) SR B E G
2RO R, Wi T HOE T2 WEZ IR
5N . A8 R ERE R BRI, BT E AR R
GIANGS NUR 2 VA AN [R) 25 K R F i O I T 2 4%
W, S5 AR BRI I R 50, MM SEiF R T2 34,
SCEERUL . B Refk, LISRAS U OB R IR E
SRR AR 5 O 2, S I R B R A E
FHFIR SRR, el 16 78 2 B IR B 3 FN S 3 0 Ai
AT SR AR AR 5540 Eb i i 4, R G TR 2 A U
REmA RO

3) BUERRI T . WOCHIEE 2 B RE 32 8 A R
A WOLT A%, PR BAERNE R mis K, & H)
BB AT S 50 BRI 43 B F5 SR, SR AAUE
R A Bh TR A AT . dHEV . b T2
A4 . BNk A Pandat, 55—V JFEAT )
2R T AR A 01254 s R H ANSYS .SYSWELD
A X 1 7 U 2o A 1 T B 3 B N g - g AR A TR
4L ; SR H Thermo-cale FAXF #Ab HL T 2 A T4,
ST AR 1 AR

4) RERNGEIZMPLEFE T 2k E ML, hT
POCIETE B AR BRI, Bl & A S IR 2
TEFE NN 7 B 3T e K S 2080, PRI ] 2% S TR/
oY 5 P B M 2 A SRR BE L B RO
FATE AN R 2 G A B T R ST D, HLRE

G B S A SRR T2, BOE & T
WO A R 1 B A B K T 20 S B0 5 i R A
frt— L IRABETE o BEAh, T2 B sl MOt ER
SERALIAAL BT 2 SRRIE S T Tl A A R A
YWY INATIUPS i 8

5) ANEWMIRIZSEM B FHEITH . WRIE S
14 F 1T DT FEXT T AR B PEBE -+ St . Bldn, JUEBRRS
SR AE MSS WO P 14 R SR AT )
PERCWR 2 TAEROUR B R b, IR RS
T AR A T 3 B A ok R PRTT R A, DR X o
o e A EA T IO A 52 T PR v, B A TN
FARRIZ T C JURRY HLC T B 1AL R B e R
o SR, HRTXHEOCHE LR/ A e B A S i Ak
AR ARG IX AR | B o3 A B e 57 J1 AR RE ,
) QA e DR F g A DO G T b R e B i
3 T e P X RS F) SCHIR AR G B UL o PRI, T ISR 3¢
T L URR BE AL SE L A oo i e £ U2
IR b s BT S, SR, S
BRAE R PENE A T R WAL o FOEAT N S YR, LA
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