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laser alloyed Mn-Al,O; layer on stainless steel

LI Peng', SUN Gui-fang', ZHANG Wei’, LIU Wei-xiang®, ZHANG Yong-kang’, ZHANG Man-kui'

(1. School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China;
2. Jiangsu Lianguan Science and Technology Development Co., Ltd, Zhangjiagang 215624, China;
3. School of Mechanical Engineering, Southeast University, Nanjing 210000, China)

Abstract: Based on the failure of austenitic stainless steel used in high-speed mixing blades, the laser alloying technique
was used to fabricate the alloyed layer on stainless steel. The microstructure, composition, phases, microhardness of the
cross-section of the alloyed layer were analyzed by OM, SEM, XRD, microhardness tester, optical profiling system, and
the optimal parameter is obtained by the use of orthogonal. The results indicate that, the highest hardness is 440.8 HV,
when the content of Al,O3, the laser power and laser scanning speed are 70%, 2 kW and 15 mm/s, respectively. The
alloyed layer is free of cracks with good processability, the alloyed layer is composed of dendrites and eutectic, the
phases are austenite, Al,O3, Cr,C;, Mn;C; and Mn,0;. The wear resistance of alloyed layer increases significantly.
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1.1 iRAEH &
FE R VL R Be BB R A R A E SRR
1Cr18Ni9Ti B FCARN RN i v 3 A ML 22 H-51) 1) i

B, FEHERFERN ST A 20 mm X 30 mmX 10 mm, it
FEALZE LR 1. RFRFT B LR IEL 2, ARG H
TR AL B /KT VE

1 1Cr18NiOTI BB 6272 15y
Table 1  Chemical composition of 1Cr18Ni9Ti austenite

stainless steel (mass fraction, %)

Fe C Cr
67.81-74.20 <0.12 17.00—19.00
Ni Ti Mn
8.00—-11.00 0.8 <2.00
1.2 H&IZ

SEGAE H I A 9L GS-TFL-10k % CO, 0k
&, RHITUE AR, OGS MR MR <
48 um)F AL Os(KLE <75 pm)M RIS BELL . i
JFAH ALOs FURLAS I E 8] 06 D2 RSO G i 3
A58 1 PR 250 B Jim 1) A2 1 P BB 1 5% s o 2
B, FEIEASSEE T, A3 R TR O R i
JEIE . WOLHHEH LR E AL By C, FANKE
HU 3 K, 20500 A=70%, Ay=50%, As=30%()%
H3%0): Bi=1 kW, B,=1.5 kW, B;=2 kW; C;=10 mm/s,
C=15 mm/s, C;=20 mm/s. FURZEE. WO H
BRSSO T E S5 2 . FIHIE
LI ZHAARMEAERINRE, RETFR 2%, U
RHAL, MR, Momft L2345

F2 BotHetTEZ2H

Table 2 Parameters for laser alloying technique

Overlapping Preplaced Beam diameter/ Protective
content/%  thickness/mm mm gas
50 0.8—-1.0 2 Nitrogen

1.3 PEEEMHR

PO I BB A 12 20N & OB R
FE, WREOCHIHE 7 TR 7 M DIGREE, 24T B
Dl R G E 7. = P 1 1l A e =
(Vucr:Vimoy: Veyno,=3:1:2)0 K HV-1000 S i 52 vt
W G 2 WO FE 5 e 5 A2 I B A 2, 2fr
9 UN, AR 10s, W 55 8] B 0.05 mm. KA
D/max2500VB3+/PC Y X FHZATHHM o3 B il & 44,
JE AL s, R FH Co B, F145 £ 36 A 30°~120°,
FIGEE N 6 (°)/min. K LEICA DM2500M #4527
B HEAT A 2 1 S 2 2R U 5 R
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&, FIH JEOL JISM—7001F 44 Ha 7 K Bt iy (1) BE 1%
SN WS T S A Z A LUES B AL LA -
FIFH WYKO NT1100 6770, MR S G a4
JE UG ITES

BERR SRR i e R S A L. BT
AWAES S AVt R I e = 0245 X BN Dliee
S JE M, AR S 20 mm X 15 mmX 10 mm. ¥
AT, AR AT EIOG. By 10N, FeEd f
TRER 300 r/min, BEEHIISTAICA 600 s. FEHEEN 440-C
ANEEAN IR AT 4 HRC62)o  SEI6 i Jo 28 A H 5
B Ve R AR BT & .

(4

2 EXRKWERS

KHNEASSER A E L T ES5, RPak 3
P7s IEAS LS80 AT SRy, INAS S e 45 2R 51 T
R3ZJE, MU TESH

F3ERER SE R

Table 3 Orthogonal experiment and results analysis

Mass fraction Scanning Microhardness

Saﬁgle of Al,O5/ P(l)(\:;r/ speeci/l of matrix
% (mm's ) (HVo.1)

1-1 70 1 10 309.7
1-2 70 1.5 15 281.7
1-3 70 2 20 253.8
1-4 50 1 15 264.4
1-5 50 1.5 20 274.7
1-6 50 2 10 3154
1-7 30 1 20 308.7
1-8 30 1.5 10 304.8
1-9 30 2 15 440.8
T, 8452 882.8 929.9
T 854.5 861.2 986.9
T; 10543 1010 837.2
m 281.7 294.3 310.0
my 284.8 287.1 329.0
ms 3514 336.7 279.1
R 69.7 49.6 50

M9 S FOkE, AR 1-9 i R B i
i, AN T ESHA G (A=30%; B;=2kW;
Co=15 mm/s) & AT Rt L ESEA A . N IEt %L

T SRR LS A G P R ILSE.

3 T ATIURNAE ALOs B TARRIURL S I
EEBI A 70%(A=T0%) I 3 YRS BAMAERE 2 Fl: 7=
309.7+281.7+253.8=845.2, HI4{H T,/3=845.2/3=281.7
BIF “m” AT [FIEEL, BEAE Ay=50%F1 Az=30%H 11T
YIRERE N 284.8 1 351.4. 3 A TPHIMEMRZEE R=
max{281.7, 284.8, 351.4}—min{281.7, 284.8, 351.4}=
69.7, FIERMIHSG—1T. [FEETENHTRE B Al
C, %13 3.

¥ 3 A LESHN TP Bt s T 1,
1A EE S 1) ALOs M5 EllkEr, 0 il 58
s 2) W 2kW B, AR A s 3) WOLHI
WA 15 mm/s B, SRR R S . SRGORE, e
A3=30%; B;=2kW; C,=15 mm/s [{] T ESHU AR
Al
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Fig. 1 Relationship between microhardness and three process

parameters
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1, DAHRZR AN R A R e AR 1K .
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WL, WOLH AR B E R B IGARA). ALOs. CriCs
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Fig. 2 XRD pattern of LSA layer

Mn;C; Fl Mn,Os 20, OG5 G A0 5 70 B [
AN T 1 LA AR A A, BL ALOs. CrsCss
Mn;C; Al Mn,O; A BB AH I 2 5082

ANTHONYSAMY MR H g 28 20 (1) b 5T
JE4 973~1 173 K I, Cr,Cs 1w A il F S fit 74K
Pio AT, EATMIET 0 CREE R, i Ak
REA N UL, 1 VAR H R R AR A5,
FIFHZ AN 2 000 K HEE T CrCs (5 AT H H
k. LB N—175 067 Jmol, %t A E, Fr
LL C F1 Cr 7 B R RNA R Cr,Cs A, WA (2)
FiR o

AG =—92 067-41.5T (J/mol) (1)

3C+7Cr=Cr,C; (2)

Mn;Cs; Rl MnyOs 1 S V5 FE o3l i X 3) M (4)
7 o

7MII+3C:MH7C3 (3)
2Mn+3O=Mn203 (4)
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Fig. 3 Microphology of cross-section(a) and microhardness

distributions along cross-section(b) of sample
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B4 HOLHEMZN SEM &
Fig. 4 SEM images of cross-section of LSA layer
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Fig. 5 Wear properties of substrate and LSA layer
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