RV - ooE % Ok Vol. 47, No. 4
2020 4F 4 J CHINESE JOURNAL OF LASERS April, 2020

HOCRE B AR IR A T2 AL 2 5 1 fe
KB, kB BB KB, AKE

R R 2E WL T 24 B Yﬁﬂf‘ﬂ i 421001

ﬁ

Q

WE N TIRBEES TR R A & R IOHOR B OB IR R DA 2 8 o 4l 20 b B [ 395 R ATSI304 B R
OB S SR T O A8 B BOR i 5 1 (R R R TR BN B B R L OF I R A SUR P RE R AT TR ST, BT
FEE R R W] AL WO S R DA TE R BT B R PR TE AL B R R T A R A B R R A
T IEI, FU AR S 1 O )N 0 ) R R L LTS IR B T R X TR I AUBT R AT 0.41 20 B R R
W) A S B0R 0.25 %6, BLHL IR B S (856 +20) MPa, J# IR 58l (747 £15) MPa, Wi J5 K RN
(2243) %6, -3 W AMRE BE 2 280.68 HVO0.25 X 5% AU 43 B 0.16 26 (4 83 oK i 2% i 0 B2 . 0 BB Dol v 32
0.0777 V. JE A 1.6198 X 10 ° g/(m” «h) . FE LT AISIS04 M E = .

KGR WOLHOR WOLKE SARKEATEM; B e 440 ik

FES%EE TGI115.5 XEEERS A doi: 10.3788/CJL202047.0402004

Microstructure and Properties of Nitrogenous Austenitic Stainless Steel
Prepared Using Laser Cladding

Song Yong, Zhu Wei,
Mechanical Engineering School, University of South China, Hengyang, Hunan 421001, China

Li Sheng, Zhang Cong, Qiu Changjun”

Abstract In this study, AISI304 powder processed with solution-nitriding in super pure nitrogen flow as raw
material was used to prepare austenite stainless steels cladding layer with different nitrogen contents to obtain the
laser cladding layer of nitrogenous austenitic stainless steel with excellent comprehensive performance. Results show
that nitrogen precipitates during laser cladding process and pores appear in the cladding layer. As the nitrogen
content in powder increases, the nitrogen content in the cladding layer gradually increases, the porosity first
increases and then decreases and the strengths significantly enhances, while the elongation gradually decreases. For
the cladding layer prepared with power with nitrogen mass fraction of 0.41%, its nitrogen mass fraction is 0.25%,
tensile strength is (856420) MPa, yield strength is (747 +15) MPa, elongation is (22£3) % and microhardness is
280.68 HVO0.2. For the cladding layer prepared with power with nitrogen mass fraction of 0.16%, its corrosion
potential and corrosion rate are 0.0777 V and 1.6198X 10 ° g/(m?«h) respectively, which are higher than that of
the AISI304 cladding layer.
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Fig. 1 Morphology of AISI304 powder before and after
nitriding. (a) Before nitriding; (b) after nitriding

(mass fraction of nitrogen is 0.41%)

B AR N 5 WX O s 2 2 n il 2% an &l 2
() JIT7n K A Q235 it B E AR IR KA & OKIR
WE R 0~5C, LU F & 1R 3 L Rk HEOE R
Y ZR 45 58 3 )y 2% ok 1 7 TR gl /R (AR
99.999 Y0) M LRI T FEATHOLIE 4 080, KA S AR
RN EWHOCIEEZ . 158 07 08 206 5 o
L, WOLBE TZS 8 T 3O RE LN
300 W/mm*, 6 BE B 2 4 2 mm, i # E R
8 mm/s, RN 50% . EMFE N 8 g/min, ML
SRy R G 2 A g R 1 TR
F1 FRBREANERGKIIGEZLENR S A0
Table 1

Code and nitrogen content of nitrogenous austenitic

stainless steel powder and cladding layer samples

Mass fraction
Mass fraction
Powder ) of nitrogen in Sample
of nitrogen
code ) cladding layer code
in power /%
samples /%

PN1 0.16 0.13 CL1
PN2 0.37 0.18 CL2
PN3 0.41 0.25 CL3
PN4 0.44 0.29 CL4
PN5 0.47 0.34 CL5
AISI304 <0.08 <20.08 AISI304CL

¥ H Bruker D8 Advance % X §f 4 fi7 5 4%
(XRD, Cu #8, K, $F 2, L JE N 40 kV, K A

0402004-2



H

i b

30 mA) JE & 43 M O EE B WA R JSM-
6490LA R i 7 Wil (SEMD /3 Wi 35 2 19 18
Tl 2140 R Fl WDW-20E #4 8} 7 B 12 560 4L 0 3 s 2
JZiREE R =R R R E S 0.2 mm/min,
Woke 5 X ik B RS/ 2 (b fF o, 4% 1]
ASTMES S fiHizAE R 5 e e U181 24> hr ik
FE . 920 Y B R B o A R HXD-1000B
H G R B T R AT I 4R AR AT 1,96 N, £ 3k
] 10 s5 5% H MMW-1 37 320 7 68 B8 #2545 36
BIL AT R 82 s 0 1 e DN 3 B 452 T =Xy T30 3, X B

T R B B, LR EE R E A 44,7 mm X
15.0 mm, FiXEE N GCrl5 5B 35 B, JBE 488 8 fi o0
B P A 2w o 25 N 3 60 r/min, B 0] 4
20 min; R KGN 0.1 mg W47 KT FriE il Ae
FEET IS B BT AL TS B A Am ;s R ] CHI660E
ALk 2 A sl 30 7 )2 1) P A 2 B ke L R A
—HLRROI AR R DAL R R AR D S L AR 4
R AR Ay i O R A A 2 R A S AR R, LAY
HFHEE SN 25 mV/min, & &K R R & 080k
3.5% ) NaCl %8 .

laser beam (b)
tensile specimens
scan track
powder
+gas
L 1.5 mm
water inlet 45 1
Fm ]
R ©® 0
- Sl
125 _
water outlet 30

K2 WO B R R f iR i 4 5 R

() WOCHE

— -—

7 T 5 (o) R i A 9 MR O 50 % RO

Fig. 2 Laser cladding process and preparation and size of tensile samples.

(a) Schematic of laser cladding; (b) sampling and size of tensile sample
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Fig. 3 Section mirror images of cladding layer samples. (a) CL1; (b) CL2; (c¢) CL3; (d) CL4; (e) CL5
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Table 2 XRD quantitative analysis of cladding layer samples

Mass fraction /%

Sample code

Austenite CrN Cr, N
CL1 99.0 1.0 0
CL2 88.5 11.5 0
CL3 90.4 8.4 1.2
CL4 91.7 3.5 4.8
CL5 94.6 0 5.4
AISI304CL 100 0 0
W ©
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Fig. 4 Microstructure analysis of each cladding layer sample. (a) XRD spectra; (b) SEM image; (c¢) EDS analysis
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Table 3 Tensile properties of cladding layer samples

Sample Tensile property
code o1,/ MPa 002/MPa Elongation /%
CL1 677410 484410 36+2
CL2 776 £10 658420 24,542
CL3 856420 747+15 22+3
AISI304CL  535+10 411410 40£3
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Fig. 6 Tensile stress-strain curves and tensile fracture. (a) Stress-strain curves;

(b) tensile fracture morphology of sample CL3
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Fig. 8 Electrochemical cathode polarization curve

for each cladding layer sample
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Corrosion Corrosion rate /
Sample code ]
potential E /V (gem *h™ ")
CL1 0.0777 1.6198X10°°
CL2 —0.0628 8.4656 X107°
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