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Grain Refining M echanism of Austenite Stainless Steel Hardfacing L ayer
with La,O3 as well as Effect on Its Corrosion and Wear Resistance
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ABSTRACT: The work aims to obtain the hardfacing alloy with excellent overall performance including mechanical property,
corrosion resistance, wear resistance, etc., by adding rare earth oxide LaO;3 into ultraslow carbon Cr19Nil0 stainless steel
hardfacing alloy to refine the microstructure. Four kinds of stainless steel hardfacing alloys were prepared with ultra-low carbon
Cr19Ni10 stainless steel electrode containing rare earth oxide La,0O3. The elements and phase composition of hardfacing alloy
layers were measured by X-ray fluorescence spectrum, infrared carbon-sulfur analyzer and X-ray diffraction analyzer. The
microstructure and grain size of hardfacing alloy layers were observed and analyzed by metallographic microscope and grain
size statistical software. The hardness and Young's modulus were measured systematically by microvickers hardness tester and
nano-indentation instrument. The corrosion resistance and wear resistance were investigated by electrochemical workstation and
CSM friction wear tester, and the corresponding morphology as well as the size of wear marks was observed and measured by
white light confocal microscope. The lattice mismatch relationships between La,O4/y-Fe interface were calculated by Bramfitt
two-dimensional lattice mismatch theory. When La,O5 additives were added into the hardfacing alloy layer, with the increase of
La,O; addition, the austenite grain in the hardfacing alloy layer was significantly refined. When the addition of La,Os increases
from Owt% to 1.5wt%, the average austenite grain area was decreased from 400 pm? to 210 pm? The mechanical properties,
corrosion resistance and wear resistance of La,O; added hardfacing alloy layers were obviously improved. When the addition of
L&aO; increases from Owt% to 1.0wt%, the microhardness of hardfacing alloys increased from 180HV to 225HV and
macroscopic hardness increased from 125HBS to 150HBS. Young's modulus increased from about 186 GPato 217 GPa. The
corrosion potential increased from —-0.4 V to —0.25 V. The abrasion depth was reduced from 50 um to 10 um. The 2D lattice
mismatch between La,05(001) and y-Fe(110) was 8.7% (<12%), which indicated that La,O3 could act as a medium effective
heterogeneous nucleated substrate of y-Fe. Therefore, austenite grains in hardfacing alloy layers could be refined. La,0O; can
effectively refine austenite grains, improve the mechanical properties of hardfacing aloys, and enhance their corrosion and wear
resistance. Moreover, there is an optimal value of LaOj; addition, and the best comprehensive performance can be obtained
when the La,Oz addition is 1.0wt.%.
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Tab.1 Design composition of four ultra-low carbon
Cr19Ni10 stainless steel electrodes

wt.%
No. C Cr Ni Mn Co LaO; Fe
0.02 19.00 10.00 0.80 0.20 0.00 Bal.
0.02 19.00 10.00 0.80 020 050 Bal.
0.02 19.00 10.00 0.80 020 100 Bal.
0.02 19.00 10.00 0.80 020 150 Bal.
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Tab.2 Tested compositions of four ultra-low carbon

Cr19Ni10 stainless steel hardfacing layers
wt.%

No. C Cr Ni Mn Co Al Fe
0.02 17.40 945 068 021 173 Bal.
0.02 1840 930 057 019 113 Bal.
0.02 1830 985 059 0.18 0.82 Bal.
0.02 1760 9.10 056 0.19 0.76 Bal.
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Fig.1 XRD curves of four hardfacing alloy layers
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Fig.2 Metallographic images and grain size statistics of four hardfacing alloy layers: €) grain size statistic image
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Fig.3 Lateral micro vickers hardness and surface brinell hardness of four hardfacing layers: €) surface brinell hardness histogram
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Tab.3 Nanoindentation experiment results of four hard-
facing alloy layers

Young's modulus Contact hardness

Sample

E/GPa HVIT (Vickers)
No.1 186.210 173.634
No.2 216.512 213.296
No.3 217.626 219.341
No.4 216.694 205.198
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Fig.4 Tafel curves of four hardfacing alloy layers
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Fig.5 Wear depth curves and 3D morphology images of four hardfacing alloy layers after corrosion
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Fig.6 Crystal structures of y-Fe and La,0s
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Tab.4 Lattice mismatch between y-Fe and La,0;

Matching face v-Fe(110)/La,05(100) y-Fe(100)/L a,05(001) v-Fe(110)/La,04(001)
[uvW] 0, [010] [001] [010] [010] [001] [001] [210] [100]
[uvw], re [011] [010] [001] [011] [010]

0I(°) 0 0 2.67 15 15 0 0 0 5.264

d(LaOg)/nm 0.394 0.617 0.732 0.394 0.394 0.683 0.395 0.683 0.789

d(y-Fe)/nm 0.487 0.689 0.844 0.345 0.345 0.488 0.487 0.689 0.844
51% 14.3 14.3 14.3 20.2 20.2 20.2 8.7 8.7 8.7
4 £ LagOs HINMA Ly 1.0%I0 , HEKEE < 0 I ok B A7 o

1) LaOq 1] LAIAHALHE KRG 4 J2 v 1 B G AR S R
Hom A M 0% h 2 0.5%0, B FCAA RS 447 1 AR
H1 400 um? /bty 270 um? 24y #E— AN La,O,
BN & 1.0%F1 1.5%, B8 FCAAR dfokz - 34 T AR ik —
/b 2 220~210 um?® 2245

2) LaOg 1 LA S HEXE A 4 J2 i B P A
Ho Y LapOs AU AR M\ 0% % 1.0%I0, HEMES
S 114) S I A TR BE Hy 180HV 24 B4 fin %) 225HV ; %2
WA E B 125HBS 2434 % 150HBS; 4% [ i
186 GPa i fin %] 217 GPa.

3) LaOs 1T LA HENE & 4 2 MO 5 Tl MR Y

0.4 V Hin#-025 V, BB REE R 1.0x10°
Alem? [ 2 3.2x10 % Alem?,

4 )La05 1] A2 R HESR G 4 )2 Mt S 44 . Y LapOg
PN 1O, MEREG 4 15 1 FBE 452 8 40 J
JR AR AR B 50 pm /3] 10 um,

5) La,O3(001) i 5 y-Fe(110) i Y i 4% 4t e B Ay
8.7% (<12% ), Uil LaOs X y-Fe i 5] 454 2% i) S
FOERAER, MIidifk 7 HERR G 4 )2 i i BR FCAA ok
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