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Effect of LaBg on Microstructure and High-temperature Oxidation
Resistance of Inconel625 Alloy Coating Fabricated by Plasma
Transferred Arc Surfacing

L1 Jingkui*?, WANG Ruichao®, PAN Linlin?, ZOU Xiaodong®', YANG Ke*

(1. School of Mechanical and Automation Engineering, Wuyi University, Guangdong Jiangmen 529020, China;
2. Guangdong Provincial Key Laboratory of Material Joining and Advanced Manufacturing, China-Ukraine Institute
of Welding, Guangdong Academy of Sciences, Guangzhou 510650, China)

ABSTRACT: To ensure the security of heat exchanger tubes in garbage incinerators under high-temperature conditions, it is
common to prepare a high-temperature-resistant coating on the surface of the heat exchanger tubes. Nickel-based superalloys,
due to their excellent mechanical properties, oxidation resistance, and thermal stability at elevated temperatures, are considered a
favorable choice for protective coatings on the heat exchanger tubes. However, due to the coarse microstructure resulting from
PTA surfacing and its potential impact on the high-temperature performance of the coating, it becomes necessary to enhance the
high-temperature oxidation resistance of the IN625 coating to extend the service life of the heat exchanger. In this study, 1wt.%
LaBg particles with an average particle size of 1 pm were introduced into the IN625 alloy. After that, the IN625 and IN625/LaBg
coatings with and without LaB6 particles were fabricated by plasma transferred arc (PTA) surfacing. Subsequently, the
microstructure, hardness, and high-temperature oxidation resistance of the two coatings at 1 000 ‘C were evaluated. The IN625
sample exhibited a typical columnar grain structure. With the addition of LaBg particles, the microstructure of IN625/LaBg
sample transformed into a mixed structure of columnar and equiaxed grains. Notably, the IN625/LaB4 sample showed increased
precipitation of phases, including dendritic Laves phases and La-Ti-O composite oxides. The fine dispersed La-Ti-O composite
oxides acted as inhibitors of grain growth at high temperature, resulting in refined grain size and significantly improving
microhardness (increasing from 225.7HV0.3 to 268.92HV0.3). Furthermore, during the initial stage (first 50 h) of 1 000 ‘C
high-temperature oxidation, the oxidation kinetics curves for both samples followed the parabolic law, although the IN625/LaBg
sample exhibited a lower oxidation rate. After 50 h oxidation, the oxidation constant of IN625 sample increased significantly
from (14+1)x1072 mg%(cm*h) to (72+4)x1072 mg*(cm*h), while that of sample B remained relatively stable. A hybrid
structure with the outer layer of NiO/CrNbO,/NiCr,O4 oxides was formed on the surface of IN625 sample. With the
incorporation of LaBy particles, the area of spalling zone and the NiO oxide with poor adhesion to matrix in the outer layer
decreased remarkably. In contrast to that, a continuous and uniform 3-Ni;Nb layer was formed at the oxide scale/matrix
interface, and more CrNbO, oxides were formed in the outer layer. This change could be attributed to the grain refinement in the
IN625/LaBg sample, which facilitated more Cr transport through grain boundaries to form a dense oxide scale on the surface of
matrix. The substantial consumption of Cr near the oxidation interface increased the activity gradient of Nb, promoting the
outward diffusion of Nb. As a result, a continuous and uniform 3-Ni;Nb layer formed at the oxide scale/matrix interface, along
with additional CrNbQO, on the oxide scale surface. Both of these phases acted as diffusion barriers for cations and anions during high-
temperature oxidation, leading to a reduction in the oxidation constant from (72+4)x1072 mg%/(cm* h) to (26+3)x1072 mg¥/(cm**h).
The addition of LaBg particles facilitates the transformation of some columnar grains to equiaxed grains and grain refinement in
the IN625/LaBg coating, resulting in improved hardness and significantly enhancing high-temperature oxidation resistance
at 1 000 C.

KEY WORDS: plasma transferred arc surfacing; Inconel625 alloy; LaBg; high-temperature oxidation resistance; La-Ti-O

composite oxides; grain refinement
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1 K5
1.1 ##

RIS IR A 4 Q235 F01E Ry MKt JE A b )
JSF2M 150 mm> 100 mmx 15 mm. 25 B T M Bk 56 /i
KRR MU S AR R AT AL T S, B AR Z AL
FEE J RS #8240 Ve 2R 1 o

AV HE AR 56 9 SRR L R IN625 BRIE M K,
HAPFEPRiAE N 54 um (& 1a), LaBe BURIFEAR A KL
W) b ks, HPHRi42 R 5 um (& 1b ). A1)
IN625 ¥y AR H 5| A LaBe Biki, FIFHEREEDLE IN625
MRS LaBe W G5, LaBe Bk (i
E) B R BRI 1%, BRESRAS S, LaBe WikL
WA TE T IN625 MR FEH (K 1c~f), IN625
AR A o L3R 1,

1.2 FHik

K KUKA 735l A ( KUKA KR60HA )
4% 85 7M1 EUTRONIG GAP 2501DC )iEfT IN625
YR RIS SRR, S B AR 2.5 L/min,
PN 4 L/min, R KRGE R 20 L/min, 45
R 2.5 mm/s, ZREEESILEQ50£10) C, %
WA 25 g/min, JE4ZHLUEN 29.5~30.5 V, FEEEHR
H153~160 A, HEME 4 2, B2 3 mm,

WAL EEAYH 10 mmx10 mmx3 mm K2l
AR Z R R AT = R ARG, R T A v R AR AR
) 6 MHRIARIEA T I EE I , 78 IR AL i
TETK P BAE G 30 min, DMEIERFEEE T
Heo G . mERPTEAL LA B b HE TSI
FER 1000 °C, SCEEEFEH 150 h, 76 1. 5. 10, 25,
50, 75. 100, 150 h BHUH, R KRR O
FE 0.1 mg), PASRAFAEER BmAs b,

1.3 WA RKMHEgE

T DI E A MHEEZ U1 10 mm*10 mmx
8 mm M &AL, RS BE0CH 60, 240, 600,
1000, 1500 % SiC WPACHTEE IO, FIH FKE R
(HCI #il HNOs FMARFIEE A 3 0 1) X Y6HE & 2 m ik
Il , JEphm a1 29 Ky 25 s, G2 B (oM,
Ario Imger M2m ) M+ 255 ( SEM, Gemini
SEM 300 ) XL HEAR 2 AE i Al e R A AR R g0 A o 2 il
TES AL . R X SIS (XRD, HA
Rigaku Global 2\ w] ) XFHE v Z- AT Al 4300, 4948 fA B2
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Fig.1 EDS elements mapping after ball milling of IN625 and LaB4 mixed powder: a) IN625; b) LaBg; c-f) IN625/LaBg

F1 IN625 M RBILFER S
Tab.1 Chemical composition of the IN625 powder

wt. %
Element Cr Mo Fe Al Ti C Ni
Contest 20-23 8-10 <5 3.15-4.15 <0.5 <0.5 <0.1 Bal.
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Fig.2 XRD patterns of IN625 and IN625/LaBg coatings
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Fig.3 SEM and OM images of IN625 and IN625/LaBg coating fabricated by plasma
transferred arc surfacing: a-c) IN625; d-f) IN625/LaBg

Bl 4 9 3f [ EDS JC 3 43 ]
Fig.4 EDS elements mapping of Fig.3f
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Tab.2 EDSresults at points1, 2, 3and 4in Fig.3
at.%
Test point Ni Cr Nb Mo Ti Al C o La Fe
1 2.07 2.14 20.31 1.56 — — 73.92 — — —
2 5.23 3.85 — 0.98 — 27.66 — — — —
3 10.57 8.44 9.8 4.18 24.99 — 20.03 11.25 6.76 3.98
4 40.97 34.66 5.02 19.35 — — — — — 4.39
2 S I N 2 2 4
em’; t HEALETE], h; K, WEALHEE, mg”/(cm* h);
22 WE p g/ )

ST HEIR IN625 FE AT IN625/LaBg A it 141
47 00 8B B 43 IR 225.7HV0.3 Fil 268.92HV0.3, BN
LaBg Ji5 IN625 IR)ZMEREEHE R T 19.15%, X —ff LY
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FE 3), SRirYgn ik aT DAL £ 5 SRR 0 4 2
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Wl IR iz 8, R,
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TR 0 R, T ING625 A i P it 2 o e A i
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B ERT, v A2 D)AP A ELH B K, , mg®/(em®*-h) )
PEHY IN625 A 5 F IN625/LaBg K i B B AT K22

[M) =K t+C (H)
A p
A AW RIS E, mg; A J9RERL YR T,

12

10|

Mass gain-Am/(mg-cm %)
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N QRN A EE e S TN ) AR Zy A A €l D= K
FEE, AFLJE: R 5 5 & AE 0 0 U 2508 B NiO
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= IN625
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80t =
8 -
o s
3 ~
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s s
< e
g 40} g
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P - - e
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0 mmE =@~ ") ! ! ! ! !
0 20 40 60 80 100 120 140 160

Oxidation time/h

b ALY T - E AT E

IN625 Fl IN625/LaBs )2 7E 1 000 °C/150 h w5 AL G i e im A Ak 3 o h 2

Fig.5 Oxidation kinetic curves of IN625 and IN625/LaBg coatings during isothermal oxidation at 1 000 C
for 150 h: a) mass change vs oxidation time; b) mass change square vs oxidation time
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Fig.6 XRD patterns of IN625 and IN625/LaBg coatings after
isothermal oxidation at 1 000 ‘C for 150 h
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m (3) PFEEE A Nb, Cr il O, 7 IN625/LaB,
Fefh (JH5) FEZEES Nb, Cr M1 0, Zia%A Lk
f XRD Z0#r, AT LAHED IN625 #E 5 i E 02 T %
Cr,0; 1 NiCr,04 ZH B . i Bifi%5 LaBg %8 /i, IN625/LaBg
FEMAALZ Y NiCr,0, & KIEFEAL, CrNbO, &
WL

KT =T R EACE AR IR B A
IN625 il IN625/LaB £ ity = i B AL J5 B #81H EDS ot
Z BN 8 i, IN625 #EfhEALZ M2 EAR
BRI H AT I RV, AALZ AL, i
IN625/LaBg it Y8 AL 2 BEANT-3H 7% R 508 A B
o BRULZAN, WE A AL Z AR A A A
IN625 il IN625/LaBg ¥ ity %5 2 4 ot £ — 2, idb 2
F Ni il O JCE K HEE) Nb A1 Cr 4%, Hia] 2 i
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(B SA L YA AR AN AE B B 25 57 . 454 XRD FI%
LR IR EDS BEIE, W] LAMEN IN625 #£ 4 i ik
JZ 2 AMES ) NiO/CrNbO,/NiCr, 04 JZ . H R[] Cr 054
JERNEBANEZLRY & AHIE A, 1 IN625/LaBg 4 it )
FALE HAMEREY CrNDO4/NICr,0,4 J2 . IEIE Cry0;
JERNFRE LA 8 MBS & FHEYTE B T4
it B P A S REHHE Cr TE K EINAE, BT

0 v

% Spov.5, BNt

b IN625/LaB;

Bl 7 A5 B THERTE IN625 Hl IN625/LaBe U2 7E 1000 "C/150 h oy il S Ak ) 2 T E 45t /4]
Fig.7 Surface morphologies of IN625 and IN625/LaBg coatings after isothermal oxidation at
1000 C for 150 h: a) IN625; b) IN625/LaB;
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x3 BE7HE1. m2. 23, 245558 EDS géig
Tab.3 EDS analysis of points 1, 2, 3, 4 and 5 in Fig.7

at.%
Test point Ni Cr Nb Mo Ti (6]
1 83.41 4.07 3.18 934 — @ —

2 — 53.73 — —  — 4625

3 10.12  21.17 — —  — 6871

4 — 30.32 — —  —  68.68

5 2.37 9.59 10.36 — 1.8 75.88
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Fig.8 EDS elements mapping of IN625 and IN625/LaBg coatings after isothermal
oxidation at 1 000 ‘C for 150 h: a) IN625; b) IN625/LaBg
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Tab.4 Gibbs free energy of oxide formation during oxidation of IN625 at 1 000 C
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Fig.9 Schematic diagram of oxidation behaviors during oxidation at 1 000 °C for 150 h: a-b) IN625; c-d) IN625/LaB;
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