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ABSTRACT: The work aims to study the effect of rare earth oxide on the microstructure evolution and properties of
nickel-based alloy by CMT surfacing. First of all, the electrostatic self-assembly process was used to prepare 1wt.%
La,Os/Inconel 625 flux-cored welding wire, and Inconel 625 and 1wt.% La,0;/Inconel 625 nickel-based alloy samples were
manufactured by CMT surfacing process. The effects of microstructure, microhardness, tensile strength, and high-temperature
oxidation resistance were systematically analyzed. The microstructure of Inconel 625 surfacing sample was refined after addi-
tion of La,0s, changing from columnar crystal to equiaxed crystal. The matrix structure was mainly composed of y-Ni solid so-
lution and a small amount of Laves phase, and the Laves phase size of nickel-based alloy with La,O; was larger. With the addi-
tion of La,0;, the microhardness value increased from (235.97+2.99) HVO0.3 to (246.53+4.10) HVO0.3. The tensile strength in-
creased from 543.12 MPa to 564.25 MPa. Under the high-temperature oxidation test conditions, the oxidation weight gain rate
of CMT surfacing 1wt.% La,Os/Inconel 625 sample was significantly lower than that of the original Inconel 625 sample. The
microhardness and tensile strength are improved to a certain extent based on the fine grain strengthening and the transformation
from columnar crystal to equiaxed crystal caused by the addition of rare earth La,0s. In the process of high-temperature oxida-
tion, rare earth La,O; can also serve as the nucleation site of Cr,O; oxide, promote the growth of dense Cr,O; oxide film, and
correspondingly improve the high-temperature oxidation resistance.

KEY WORDS: nickel-based high-temperature coating; additive manufacturing; rare earth oxide; CMT; high-temperature oxidation
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Tab.1 Chemical composition of 12Cr1MoV steel of

surfacing substrate wt.%
C Ct Mo V Mn Si P S Fe
0.09 1.1 0.28 0.22 0.62 020 =<0.03 =<0.03 Bal.
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Tab.2 Chemical composition of Ni-based flux-cored
welding wires wt.%

Base metal Cr Mo Nb Fe Si Ni
Inconel 625 20.70 8.70 343 2.16 0.45 Bal.
La,0s/Inconel 625 20.00 8.72 3.23 1.61 0.32 Bal.
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Fig.1 Schematic diagram for sampling and size of perform-
ance test samples
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K2 CMT eSS S RS
Fig.2 OM micrographs of Ni-based alloy by CMT surfacing: a)
Inconel 625; b) 1wt.% La,0Os/Inconel 625
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¢ 1% La,Oy/Inconel 625{F%AfE4 BAkLH L

K3 CMT HESFERAE 5 4 SEM 4
Fig.3 SEM micrographs of Ni-based alloy by CMT surfacing: a) low magnification microstructure of Inconel 625;
b) columnar crystal microstructure in a; ¢) low magnification microstructure of 1wt.% La,O;/Inconel 625;
d) equiaxed crystal microstructure in ¢

K14  CMT HEXE Inconel 625 44 ML X 3, SEM &1 F11 EDS JCR 43 1ii
Fig.4 SEM micrographs and EDS element distribution of typical area of Inconel 625 alloy by CMT surfacing

2 FOCR M EA I, Hd No e Z R ®3 BE4rH1FA 28 EDS gL

Bl 13.74%, Mo JCEME TEUMECH 11.60%, B Tab.3 EDS spectra of spot 1 and spot 2in Fig.4  at.%
Y3200, 24 Inconel 625 344 Nb #1 Mo I % Test point  Ni Cr Mo Nb Fe
HREE, H Nb JTCZ TR 10%8), AT 1 58.78 30.12 5.74 3.75 1.61

MRZAA g Laves Fil-15] 2 4744 1879 1160 1374 842
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T, AR A B E S Nb Al Mo AYASHEI 44k
Laves A EE A K . & 5 i 3 FIAL 4 (1 EDS BERE 4N
#* 4 Fis, ATLES], WINT La,O5 ) Inconel 625
HEX ALY Nb Jo R 1 5 T80 80k 27.44%, Mo It
R T BN 14.34%,

Nb element

Ryt —2E A 3 2 AR R SEM i ik
HA, WAL K R SE — AW ORI 50 K e & i
X7 CMT HEJE Inconel 625 F1 1% La,05/Inconel 625 iz
FE B 55 — A PORASE— 2 SEM-EDS 4317, 45
RINE 6 FF 5 R, Z5RRW, FEHEREZ hI0
R FTE 5 —ARORIAT H . RSER/NA 0.3~0.8 pm,
WE I, 7€ Inconel 625 I fH2H 21 WL X Jaf [ 2
55 RRURLAT AR R 2, 255 BB SORL EDS
AT T & S T, R 254 O Ni. Cr,
Ti fl Al 70K, BREFEAE y - Ni BEIE AP Ni Al
Cr JLZER A, HEMZ R FE 258 Ti f Al A . X
F RSB ILZG R 2 i A B A 20 A AR AL v

Ni element

Mo element

5 CMT HEJi 1% La,Oy/Inconel 625 i B ML A [X Ik SEM 5] il EDS JC % 431
Fig.5 SEM micrographs and EDS element distribution of typical area of 1wt.% La,Os/Inconel 625 sample by CMT surfacing

=4 5 s 3fm 4/ EDS g
Tab.4 EDS spectra of spot 3and spot 4in Fig.5 at.%

Test point Ni Cr Mo Nb Fe
3 58.62 31.17 5.41 3.04 1.76
4 34.49 18.53 14.34 27.44 5.20

a Inconel 625

b 1% La,0Os/Inconel 625

Bl6  CMT HERER AL LURESE AR SEM [&]
Fig.6 SEM micrographs of the second-phase particles in Ni-based sample by CMT surfacing: a) Inconel 625; b) 1wt.% La,O;/Inconel 625
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Tab.5 EDS spectra of spot 5 and spot 6in Fig.6 at.%
Test point Ni Cr Nb Ti Al Si o
5 2.73 15.34 0.93 9.85 5.34 0.78 65.02
6 13.20 18.68 1.04 6.47 3.11 0.26 57.24
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Inconel 625+La,0, Inconel 625

K7 W5 CMT eSS A Ky 1) BRI U 1) (0 o it
Fig.7 Vickers hardness values of Ni-based sample along CMT
surfacing direction

W& CMT HEIE 5 o B BORE B Fir A iR g 1 —
N A2 ANl 8 Firan . FTLAE 2], CMT HEH2 Inconel
625 A4 FEMBTRIRE N 543.12 MPa, RN
29.80%, i CMT #E4E 1.% La,Os/Inconel 625 iFE )
PLALGRE Ny 564.25 MPa, KRN 40.82%., &K
HUPLIR B K T2 Inconel 625 & 4 BIPLHL o
B, SBEEMZEE—HHZEH T CMT AR e
H—E =M Laves MEtEA, o5 — 7 i 5 HESR R
FAER K I Z2 WA 5%, X HORE , BN 1% La,0,
HERIE G & iURE ) T 2 PERE AL KOR — e R
BT, X—J7 HH T La,Os BTG4 1 ki 4
R, 53— Jr AR & ) Sl e A, fE— R
IR T CMT HE4E Inconel 625 443 iR i i 21

Inconel 625

~
1.0% La,0s/Inconel 625

Engineering stress/MPa
w
S
(=)
T

200}
100}
0
0 10 20 30 40
Engineering strain/%
K8 s CMT HEME ) (o & HURE 7 Al 1 g —
JV7 7 T 2%

Fig.8 Stress-strain curves of the tensile samples along CMT
surfacing direction
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SEATFHEAR D5 1) (R e A — s R R THT,
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MHERANTEL 9 FT7R , i 2 2 B i 80 4l oy 2 R A KL
o ARSI, BT 1~25 h BrBE, 2 il
A S AL R S AR U B, B BT R B A B
%o X5 EACHTI R R 2B S A A
Ko W AR IR TR, AR 2 e A
AR V22, 1E 100~150 h A AL B, JL
PR TR o X 2 B PR O B A N 1A 4
i, AR R T B SRR BE S, R T AR 1Y
SEACTE o R, SRR IREJEE A0 8 2 BELAS 25 U Y
S ARG BN — YR, R d 2B R R A
EPRERITR MR B, BEMR L TP
e, A miR A A AR ], CMT HEARER IR
B AL R A AR P X L 1 S sl g ith 2k
WA N, RS RART (249 10h), CMT HEF

0.30

025

0.20
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Mass Gain/(mg-cm™)

0.05 - —=—Inconel 625
’ —a— Inconel 625+La,05

0.00
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Oxidation time/h

Fl9  CMT AR ERIEIRETE 700 C 1 Y i AL 3 Iy £k
Fig.9 Oxidation kinetics curves of Ni-based samples by CMT
surfacing at temperature of 700 C
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1%La,0s/Inconel 625 A FE Y = A 1k 3l ) iHh 8 1) 2
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Fig.10 SEM micrographs of Ni-based sample by CMT sur-

facing after oxidation at 700 ‘C for 150 h: a) Inconel 625;
b) 1wt.% La,0Os/Inconel 625
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Tab.6 EDS spectra of test spot in Fig.10  at.%

Test point O Ni Cr Mo Nb
7 66.73 3.13 29.44 — 0.70
8 67.27 21.38 11.36 — —
9 67.94 2.67 29.39 — —

10 62.18 3.74 33.47 0.34 0.26
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Fig.11 XRD patterns of Ni-based samples by CMT surfacing
before and after high-temperature oxidation
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