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Effect of Heat Treatment Austenitic Stainless Steel on Microstructure
and Property of Laser Cladding Ni-Based Composite Coatings

Liu Hongxi Zeng Weihua Jiang Yehua Zhang Xiaowei Wang Chuanqi
(School of Materials Science and Engineering . Kunming University of Science and Technology ,
Kunming, Yunnan 650093, China)

Abstract Ni60CuMoW + 1. 00% Ti alloy powder laser cladding composite coatings was fabricated on 1Cr18Ni9Ti
stainless steel surface with normalizing treatment by 6 kW transverse-flow CO, laser apparatus. The clad coatings was
examined and tested for chemical composition, microstructure feature, phase structure, microhardness, corrosion
behavior and metallography by X-ray diffraction ( XRD), microhardness test, electrochemistry workstation and
optical microscopy (OM), respectively. The results show that some new phases are formed in the cladding layer
which consist of y-(Fe, Ni) solid solution, intermetallic compound NiCu, CrNiFeC, CuNiTi,, Mo, Ti and harden
phase Ni, Si, Fe;Ni;B, WC, TiC. OM observation displays that the microstructure of cladding layer is homogeneous,
compactness and forming a good metallurgical bonding interface. Micro-hardness measurement exhibits that the
highest hardness lies in 0.5~1.0 mm range from the surface and reaches 649 HV. Electrochemical corrosion test in
5.0% NaCl saturated solution indicates that the self-corrosion potential ( E...) of composite coating sample increases
by 192.8 mV and the corrosion current density (I, ) decreases by 26.8% . Compared with the substrate and the
composite coating, the corrosion resistance of stainless steel with normalizing samples improved significantly.

Key words laser technique; laser cladding; normalizing; composite coating; microstructure; corrosion resistance
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2 SEEITIR
2.1 KM

S8 T 1Cr I8NIO T AN 5 4K £ oy ik [# 775 4 345 A1
PEKAL B K 0 1427 C L AR iy Wk 1. Jk
M RSFH 100 mm X 30 mm X 3 mm, 35 @ £ 4 A
ACIT B 5 M JC K & T VR R HCE TR A T
100 CHiA 2 h, F5 — B & T I #5 0 m # 3]
930 CHRi 6 min J545% .

F 1 1Cr18NI9Ti A8 84k 2 43 O 43 50, 7o)

Table 1 Chemical composition of 1Cr18Ni9Ti stainless steel (mass fraction, %)

C Si Mn P

Ni Cr Ti

<0.12 <1.00 <2.00 <0.035

<0. 030

8.00~11. 00 17.00~19. 00 5(C—0.2)~0.80

2.2 REWMM

WE M RERE Ni60CuMoW +1. 00 % Ti 4 48 AR 4 5 1100 C ki FE R/ A 150 H (106 pm) L Fy%

W AT g/em’ . HALZEM WA 2,

F 2 SLIRRT A RREE 5 AR R AL 2 LR BT 23 % 00D

Table 2 Chemical composition of nickel-based alloy powder (mass fraction, %)

C (0] Si B

Fe Cr W Ni

0. 67 <0.08 4.13 3.17 3.31

4.56 16.72 3.00 Bal.

2.3 BABBMALETZ

FIF GS-TFL-6000 BfE i CO, P AT K VU]
- 802D il U Bk 2 FoAs i ALK #E AT O
[F] 25 26 8y BAAEOR I AU AT B T . OB Ie
HIER 3.8 kW, HAli # % 500 mm/min, JEEE EH
26 mm,EHE 0.2 g/s, B w 55 mm AP R
i 8 L/h, Sy R W, SEM L IE oAb B 7 R AL
WA TE K5 B3 0 1URE 43 0 T S0.S00, ST Fl S01 4%
TR PRI T2 RO T4 M2 808 L3 3.

%3 WAL T L KR

Table 3 Heat treatment and results of the coating

Sample Heat treatment Number of
No. processes cracks
SO Substrate 0
S00 Substrate+930 C Nomalizing 0
S1 Substrate+ Laser cladding 2
01 Substrate+930 C 0

Nomalizing+ Laser cladding
2.4 MEBERIE

it FH 2 ) 503 s 2 )23 4 v AR B L AN [ kL
JE 1) 4 RE 20 2R p R 300 400 A0 B O 4R D' S ok TS ek 5 Sy
EARIV(HCD) : V(HNO;) =3: 1 & ], A H
LEICA DFC280 Jt 2 & 73 #r 7 48 WL 48 Iy 81 2 41

21, ik HA D/MAX-3BX 5 26417 5 A (XRD) 43
B s 78 2 1) AH 40 78 3 838 Bl 10° ~ 1007, Cu #8 K,
P11, 5406 nm A E 40 KV B H I 30 mALH
B 10 () /min, F 4R HVS-1000A %8
FUCRSE FBE D0 e YA O S 7 A BE L BT 1000 g i B KR
ZEmfiE] 15 s, MR R A PS-268A R HL fk 2
AR sl JE5 Tl A B S 438 5. 026 1 NaCl A Fi i
W . BB T JC 2 SR AL Bk B Y R AR AR
s RSF 10 mm X6 mm X5 mm, 5] i, #a 7 B
fix . TAEMARL em®, W5 A F JC K & BEVE U . 72 JF
PR PR 30 min, BT 2R AR AR L 50
hy A Bl AR A R H R AR (SCED S 2 b B il .
A 35 Bl — 1700~200 mV, ZERF 600 s, 3% 4 JE 3]
I s, A E 1 mV/s,

3 AR5
3.1 HAAEBIZEEKRIE

TE K A B B 1 355 B DR IR B () 4 B R 5
FHRAG 4L EA K. I KA R R R
BMIAE] Acs (A PA_ETE SR L X Ti AR5
BT R =R L B A, +100 C~150 CLA,
SIBR IR B S R 840 C . A 3C ik BUAY IE kIR E

s103001-2



pUR SR

P4k BB QMR O ORI B NI SR A U2 L S PR RE R R R

930 C. 1E kALFAR ISR Y
7= KD (D
Kb Dy TAFA SR K o m# & 580 — e
K=1.5~2.0 min/mm, #% r=4.5~6 min, 4~
TEHR L R E] 2 6. 0 min,
FEMPIE KA PR T2 B2 i 1 fros . iR FE
il 75 (840 +10) C LAR 2 ff T it 3 B2 4 i 72 1~
2 'C/min, %) 320 min $£i1 (840 4+ 10) C i}, ¥ FH iR
P AE 2~3 C/min, A F] (930 £10) C Z [H]
T i 8 A ) — 2, T PR 6 i, 57 75 256 4 578 A
Bk . IWERBRAHEI R B A WA A T 582 BIKE
s . B2 BRI AN,
(930£10)C

T/C

1 IE A B T2 2k
Fig. 1 Curve of normalizing treatment
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Fig. 2 Schematic diagram of laser cladding
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Fig. 3 Macroscopic morphology of (a) SI and
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Fig. 5 Microstructure of the substrate and the normalizing substrate and the laser cladding sample.
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Fig. 7 Polarization curves of bare substrate, normalizing

treatment sample and laser cladding sample

S » —J7 T FEAF IE KGR PRSI 5 A TR
JEATFAE R AL R B - T AT R 22 1 Ak B
ZJE M P AETE R T R CL BT e 7 il e fE
TR 3T BRI JOIRA TR 8N B R BT

W o OGIE BT LT B I SR AR N 3 84 L B 7 A N
JIIE . W R 2R 1 S OB Dl B T R
REFEAR. (H i TR BLZ v-(Fe, N [E K &
Cr.Cu.B.Si Jt &5 Fe Ni A= i 4 J& [\ 4 & 9 » %t
T2 REE B M s AL /E T Mo I Ti S &t R W
REARAL kL, (7 CZ X AR S 8 &) 4
JIN o BT $ 8 7 L el P R
4 HM RIEMIE IS & BOCE B E A RZN
LA T T 5 2 8
Table 4 Electrochemical corrosion simulation parameters

of substrate and heat treatment coatings

Sample No.  E../mV R,/(Q+cm®) I./(pA/cm®)
SO —908. 40 8970. 33 1. 98
S00 —667.30 76623.22 0.23
S1 —866.70 16023. 36 1. 36
S01 —715.60 10872.74 1. 45

E..-Self-corrosive potential; R,-Polarization resistance;

Io.~Corrosion current density

44 ik

1) TEGE KA PR 1Cr18NIO T A 45 4K 26 T ik
JekE T NibOCuMoW +1. 00 % Ti & 4 ¥y A . 15 5
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2) WBLRZER v-(Feo ND B K 4h, & & A
NiCu,CrNiFeC ,CuNiTi, Mo, Ti 4 J& 8] {1t & ¥ Fi
Ni, Si,Fe; Ni; B, WC, TiC %5 fifi i 4H .
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