RV - ooE O Ok Vol. 47, No. 5
2020 4£ 5 H CHINESE JOURNAL OF LASERS May, 2020

OIS R T 4 i 316 L NG
A0 Tk 2H 2R

MRT, Agx, 2Rg, 280K, A%
]fﬁT\lkji%lfﬁfﬂﬂ%d&/f\‘%l%‘{%)[ﬁﬁ/l\‘fﬁﬁm K Ht 300387
2B [ K2 S O B ol S S BE AT REFSE B, )28 TN 510632

HE %Fﬁ’da’ﬁﬁ'ﬁ%%&*%% TR AT YRG5 3161 AN EE N, WF 5% 1 451 4 3 85 X ik 2F 4E 3G 5% 3161 A 45 4R W A A 4
B ARORTE R A B s, 25 LR OGS B 3161 N th v-Fe AHAL AL, IO 45 28 Tk 41 2 34 58 3161 45 W
FZ I M,; Co . v-Fe Ml a-Fe 20 8, H i Mos Cs B 2J M 43 AT 7E v-Fe Fl o-Fe A4 KL b (8] 5 Bl 25 451 i 380 B 186 O, B0 ) R
Yol /0N o SRR SR M R0 T B M SE R SRS BR AR M HE N 12 mm/s B OGS IR A 43S 58 3161 N5
A 1) T B e e *ﬁxﬁ?*bnﬁ&@’réﬁé’a@fzﬁ‘t%% 3I6L AR 74 25.3% .

FEE  WOGHOR; 316L NEEM; B4l HAHEE B TR

FESES TGI15.5+8 iﬁwmm\ﬂ A doi: 10.3788/CJL202047.0502010

Microstructure and Wear Resistance of Carbon Fibers Reinforced 316L
Stainless Steel Prepared Using Laser Cladding

He Songya', Liu Xiaodong', Zhao Shuzhen', Jin Jianbo', Zhou Shengfeng””
"Laser Technology Institute, School of Physical Science and Technology, Tiangong University, Tianjin 300387, China ;
2 Institute o f Advanced Wear & Corrosion Resistance and Functional Materials, Jinan University,

Guangzhou, Guangdong 510632, China

Abstract Carbon fibers (CFs) reinforced 3161 stainless steels are prepared using laser cladding (LC) and the
effects of scanning speed on the microstructure, microhardness, and wear resistance of carbon fibers reinforced 3161
stainless steel are investigated in this study. Results show that the laser cladded 316L stainless steel without carbon
fibers is composed of y-Fe phase, the phases of the laser cladding carbon fibers reinforced 3161 stainless are mainly
composed of M,;Cs, ¥-Fe and a-Fe, and M,; C; homogeneously distributes between y-Fe and a-Fe dendrites. As the
scanning speed increases, the distance between the dendrite arms decreases, while the microhardness first increases
and then decreases. As a result, the wear resistance first enhances and then decreases. When the scanning speed is
12 mm/s, the laser cladding carbon fibers reinforced 316L stainless steel exhibits the highest wear resistance, and
its wear resistance increases by approximately 25.3% compared with that of the laser cladded 316L stainless steel
without carbon fibers.
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Fig. 1 Morphology of carbon fibers reinforced 3161

stainless steel powder after ball milling
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Table 1 Process parameters of laser cladding

Volume fraction Scanning
Sample No. of carbon Power /W speed /

fibers /% (mmes ")

S1 0 800 9

S2 3 800 9

S3 3 800 12

S4 3 800 15

O TE fa R AL 877 (5 g FeCl; +50 mL
HCI+10 mL H, O) Xl ke HEAT 8 1, >R FH B 7% A1 BE
HATEOE A CEDS) /9 3 4 B 7 8 B (ZEISS
Sigma 300) WL £ AURE 1Y W45 M. R A X 59
LRATHT AL (D/MAX-2500, H 41, B JE 40 kV, H i
150 mA)MEUAEZ YA . RAH THV-1IMDT &
B REE SN A 1 S R L R R Ao 2 N
R R R 10 s, R FH P-He B 488 B K 48 ML (M-
2000) 7£ 25 IS5 P AT 1 W Bl 8 4 S i 00 L 2 Af
200 N, &3 H 200 r/min, BEHE] 4 150 min,
Xof B FR R LA GCrl5, XS 3 B 42 50 mm, T &
910 mm, B R 60 HRC, JBE AT 5 A3 FE 1 %
FHHL 7 RV (BSA1248) FR L 78 B85 401 3 72 v g 46 B
JE R A BT W iOBE (ZEISS Sigma 300) W 8% 8
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Fig. 2 XRD patterns of 316L stainless steel and carbon fibers

reinforced 316L stainless steels prepared by laser cladding
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Fig. 3 Macro-morphology taken from cross-sectional of 3161 stainless steel and carbon fibers reinforced

316L stainless steel fabricated by laser cladding. (a) S1; (b) S2; (c¢) S3; (d) S4
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Fig. 4 Cross-sectional morphology of 3161 stainless steel and carbon fibers reinforced 316L stainless steels prepared by laser
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Fig. 5 Magnified images of 316L stainless steel and carbon fibers reinforced 316L stainless steels prepared

by laser cladding. (a) S1; (b) S2; (c¢) S3; (d) S4

3.3 R E A e

K] 6(a) J a1 316 L N4 AR 55 ik 2F 4 3 o
ST6L N5 84 14 Sk S i 2 il 4k (HAZ S A 52 X))
AT LLE B 1 S R 2 O T B A8 Ak 5 E AH W] Y
PR R BRET 4E 50 3161 AN E4N S2 1Y i S b

700
1 600F
f=]

£ 500
0

2 400}
£

g 300}
=

g 200
= 100}

JE R (455.3 £ 22.8) HVO0.2, 5K A Bk 2F 45 14
316L ANEEH S1 Y f fl i BE (392.2£19.6) HVO0.2
AR ECAS DL w5 B S 49 4 0 5 00 19 00,k 2T 4k 48 o
3T6L AN B9 (Y M 2 S 3 K /0N, >4 43 41 3 B
9 mm/sHENA] 12 mm/s B, R 4EE 08 3161 AN45

54

-1000 0

1000 2000

Distance to interface /um

i s4
0 20 40 60 80100120 140160 180
Wear time /min

WA wear loss
SN wear rate

st 82 S3 sS4
Sample

Bl 6 WOCKEE 3161 AN 50 LF e Hg i 3161 A5 40 Y 0 f Al B 5 1 s M
() SBAORE B 5 (b) BRI PR 5 (o) 5 4 R B8 4 R

Fig. 6 Microhardness and wear resistance of 3161 stainless steel and carbon fibers reinforced 316L stainless

steels prepared by laser cladding. (a) Microhardness; (b) friction coefficient; (c¢) wear loss and wear rate
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Fig. 7 Worn surface and worn debris morphology of 3161 stainless steel and carbon fibers reinforced 3161

stainless steels prepared by laser cladding. (a)-(d) Worn surface; (e)-(h) worn debris
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Fig. 8 Three-dimensional maps of 3161 stainless steel and carbon fibers reinforced 3161 stainless steel

prepared by laser cladding wear surface. (a) S1; (b) S2; (¢) S3; (d) S4
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