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Abstract

Rare earth has the effect of refining the grain of laser cladding layer, strengthening the intensity of
laser cladding layer and restraining the dendrite growth of laser cladding layer. In this paper, 316 L
stainless steel powder was used as cladding material. The rare earth oxide La;03 was added to the
316 L stainless steel powder and the modification treatment was carried out. Laser cladding expe-
riment was conducted on the surface of 1Cr18Ni9Ti stainless steel. The microstructure of the clad-
ding layer was analyzed and the corrosion resistance was studied. The effect of rare earth content on
the hardness of the cladding layer was analyzed. The effect of rare earth elements on laser cladding
layer was studied.
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1. 518

M tguE A Y. Sc LUK La RITERF I 15 MR A, Lo ssNEE T aimin, HI X
ETWZ AT TREHE . Wtoum Mgt ise Teqmven, #tooR BAank EART AL, £
FR A 5 T SR E TR KRN, R E Y. SRR TR &R h T U )R
RV ™ AR K HIAE AL, i DA e 3 AE & i P R K 2 DL IR s B 36 Lo R A s b B
MER EEAWA T B—Raei, mioxoRtmttn, 58, BURG ek, T RA
JeH o A U ERAE ML BRI A2 A S 8 23 B3 TR B, 80 A A & A 9 e vl LA
oY R e Jm N i, AT LR e m R, AR SR, B AT, e < e AT AR ek AR A5
Yo S350 IR AT DASGE e @ (A T B tE DL RARIRIESE . O R M R AR T A RN, M
FERFHTHAAMEULR TR S&RIETRER, SEIESR T MEEERDN, WH5HETERE
JRAIAE S, EAT (i SR AE i AT PR Ak, S < R AR, O < Mk R B s AR P[] [2] [3]
[4] [5]-

WO e & m A RER I PR AR . BRSSOVt R Rz . SO
BRIHEL, REEEZENERE, BB SO P RO B, RO BT T ) 2. B e
FHE R ATER, RS 5 T 5 HATE R A RN, TEREE R G, B NAT 2 5 A i
BT M EXHROCE R RN, UESE TR AT LGRS R B R SRR AR AR AR KSR
[6]-[14].

AT 316 L AEEI A NIEEARL, FEIAK L2 LapO5 BEAT A HIAL PR, 7 1Cr18NI9Ti A
FANRAATHOCSE I8, XTI EZ AL, JFEATI i Seas, 00 & B i 78 2 i RE
(IS, B TR L oo s X HOL I 1

2. SCIRAASR
2.1, RIEHHR

SRR 1Cr18NI9TI AE4N, RIHFTEE . WEEER ERRHMG . 8RN 316 L, HARREN
200 H7ZcAs, Wi# 1 fiom. #ibiiH La,Os ¥y R, 4lifEFE 99%LL b o BAAS[E LA (435314 0.4%. 0.8%. 2%)
VSIN LayOg, FRETANFRISRA SR o« ¥y AR FIRGEE T B AR FAR R, K IR £ 4 3 ANV A
RESER, VB LN 0.5 mm, FE R KA —EEE T
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Table 1. Composition of test matrix and powder material (Wt%)

= 1L AR R AR RIAL ST (Wi%)

upes C Si Fe Cr Mo Ti N
1Cr18Ni9Ti <0.12 0.17~0.37 Bal. <17.0~19.0 - 0.8 8.0~11.0
316 L <0.03 — Bal. 16~18 2~3 - 12~14

2.2. ¥BEBERKEE

WO KATE S2I64E 3000 W BT CO, WO 2% k4T, 316 L NBMNEOCIEE S BN BOtIhER 1.5 KW,
FHEEE 100 mm/min, WOGERENAEE, RSN 2.5 mm x 2.5 mm, fEEEEIE NS, BOBHERE
RN 40%, FHIBEEE)G, FRRIEENRIEM K, RIGHSE 2.

2.3. SEERAhIE

WOCKE S0 58 5, IR I B e AR, WA AU, JEI RIS BB AR R . XF 316
L AENIEES, H 50% HNO; RS A AT IR ik, WM L o0 20k 16 78 20 2 s o M R s,
JA3003A M5 i FAFTHREE . 0HEE)Z, IR G SR, SRS, IR R I R
TRERE, oA o 7 2 0 R F s

3. ZIWHERE
3.1 RSHERSH

X} 316 L 4578 2 1) X AT b BoR, B La,O5 NN, el 22 1 LaCr, LaB, LaNiC
A LaBNi A YIAE. R\M LT 0] UAAAE TIRE 2.

7 LR IR T IR K, A2 40% AT, TR Vs AR 2 PR, LS 2 K,
T AL 22 FAKE I T AR MR AR LA AN TR R [ & o O TE RO 535 (R SO Mt P PR o vt
XFE, A AR LE AR . [FR, SOt E R R T, MR T RAEE, AR TR
JRFAE A WS, IR TR LS E. 7R TESR N, 5 T sRE i 5 A TR
RARRBL, TERRE B EAGED N T BEA L e g, Bl L - BOREE R & 45T DR 2 1
T EI G EER .

3.2. ERELRTH

K LR AANF S B LapOs MR RS il 1L, IR E S B S 4L % LagOs
M, AL RN, BSITERE R . LaOg MIANAIGAE — R s TR BRI/, e B S F IR
5 0.8% La,0s ¥R J= W AT WARZ R U AL I, I AREUD, 5 TIEEIEN .

WO PR AR &L, FE MR R AR, A5 Sk nT LG 24t (BRI S EK. Bt La
RAARETPRIERIEETCER, ST 5% WA, 5T R NN ERET. EROUEE
MREH, ARG DE AL L, SEIERE, R E R . S35k, M S AE R
W BT B P B0, FENR R SRR IR A, A B = e i 5 B R AR, BN 4L PR
KRB RLRE T, RENE AU IR A 2 2 07 e B8 R A e R A IRBREL S e RIS, M H o 3ROR
JE 5 AR A A5 ] T S R RO AT B B R e SR IR S IS A S i A R . B
T it F ) SR LIS 1 RO, S 7 Sl URREIR B I A A, S A T, A4 ki 1S 21 R 4R 4L 5
(RIS, SR A S 2 o SR AR SR L B B TR 25 B R 2% B A
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3.3. BT

JE S 6 A 50% HNOg RS VAR A HE4T, D& JE ph 15 2081, 30 0%f . 45 2%k 60 20 Bk FEI &,
B RS FEP KRR E R, AIEME 2 froasiigk. afammisLtooR T UitE 316 LIAE)E
FA T 65 ek B 77
34. BABBRAR

316 L ANVEEANTEIOE DI 1 KW A 1.5 KW I, FRREMS T Al 5 Ak 45 & RPN a8 2, R g 24U,
IR TSR K. 3 NEOEIhR 1 KW B, REM L& ENIEEZITE AL T MAZRE, A

NSl &
v xS $ 31 OOum/dlvy‘%
i N
SN ANt B
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(C) E 0.8% La203

Figure 1. Microstructure of cladding specimen 1000x
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Figure 2. Corrosion weight loss curve of laser cladding specimen (50% HNO; solution)
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Figure 3. Microstructure diagram of cladding layer with different rare earth content (laser power
1 KW, magnification 1000x)
3. FEHLEENEEREEMALRE(HATIE 1 KW, KBKEH 1000x)

TR EEHA R, FHBAENE VRO AR, SRR RS EADT =AY, AEE
BZICHS i B R, AR ORI B RN T 10 S BTG T IR EE A 4 B . LagOs
BN 0.4%I), 157 ZARMCBCRITE, I N R ARS8 K E) 200, 4IEBCREA 13 RIR K3k,
Ut RE P IF AR AR & B b 534, B 5 B0 290, A /AR BRS04 0.1 % 0.046
mm? (R . X SRR AL, WO T AR R AR S b A R, RSB IR A PR, R
I, Fi b S BRI, RS, 3% RS K LR IR C AL SIS 5 E A TR Ok
AREERI . Fi4h, BOtEERES, Mita ok, X TR I RN f R s
f&, (EMEE 316 L AEINT, B LRI IR RES 58 S i b dn ARG, 5 W I 7 R B A A B
Aifl, HARTALFRLHE SR .

35 BWiSEMNBEERENRME

T A F T ANFER 5 S i = SR A NG Z, 2 & T e 2 S A b
I EHRI LG EE L BAEERE, MEEERDNE =S £ 2 AT aEARSTET, MM
IR = I A B . B 2 AT, ISR LA By 0.4%0, A7 R WA B B A E, s N
2 2%, IAEZEERNAE FES, #—Pul TS EA —REE. MLEEE 0.4%~0.8%HH,
Wi L XS R RO IS - 4k, IR L a2, IR B3], RISmw s E, H
TR FE AR AT BRI R, Ul BA AR L X T4 08 78 2 R FE AR — e [ sg e . hAh, DhERXNHIEE Z A —E
RIRZI . WO'ETh# 0 1.5 KW I, J& 785 2 T S5 R B il 26 LU AR, 1T 1 KW IR, s 783 S A it 4R s 3l ek
R, W RE RS, IARCRE, LR IR RIES SRIER, RN & S008I s
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Figure 4. Effect of La,O5 content on dendrite spacing
B 4. La,05 & & X5 & 8] 25 A 2201
Table 2. Micro-hardness of cladding layer of rare earth 316 L stainless steel HV
2. ML 316 L NMEINIREBE R MEREE HY
316 L 316 L + 0.4% La,05 316 L + 0.8% La,04 316 L + 2% La,0O3
A=Y
1 KW 1.5 KW 1 KW 1.5 KW 1 KW 1.5 KW 1 KW 1.5 KW
JE 200 217 250 264 256 250 226 239
g 196 238 264 283 286 257 257 253
ot 271 247 318 303 274 278 228 311
F¥ME 222.3 231.7 272.7 283.3 272 261.7 237 267.7

S IR B, BRI R TR 2

—REGEM TR EAL)E, ML TR R, B TIEERNYERE, =e TIEEEN
SRAZ, R TR E AR, > TN EREREE, BRI TIE R TR .

AL, FEE R R UL R R AU AL, SO T ORI B R R IR, (3R i 1
DGR, TR T ERNTE A T EAR A, M LR 2% 316 L IFEZ T, RESIX A
RYUIRIE L, X8 T 2O+ & SR A s MR =i RSB IT e . 15 316 L W& =1
JETREE KT 5 0.4%M HIGER, X f MUt WR L& EA — R,

i toem o TS5 ARTK By Si SFnm /N, ARG, — Mo R BIER . EH0L
W AR IR, I BT A SRR R AR, PR R IR SRR, AR TR R R IR K
PEAT R RS

4, &g

WFFE T Fi 1 La,05 KIS 5T HOE A7 316 L ANEFANIRCI, 4580 R

1) HFECEE B AR P IERE: S, TR ER EESET S E. EeiRsid, Mg 558
BICER NI CHTA ;
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AIEE . RIELE R BN, La,03 BIIMARELL 0.4%~0.8% N, H&EIMAN, BEES T BI85, ASF]
TIAHE 2R R 3 s

3) it La,05 AT LAFR i1 316 L J&78 J2 MM Tliae /7, BARIG 78 J2 I 2440 1) 5
4) La,O3 /EF5H4 0.4%I6, 316 L 1478 2 MR 1S 2R 248 & . # L on R eI & 316 L ASINIGE =

FORE LR [RIIN, 94k T IR PR RE, W3R B A i T X 504k
E&mE
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