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ABSTRACT: This work aims to improve the oxidation resistance of multi-arc ion plated NiCoCrAlY coatings and explore the
effect of electroless Pt plating on the oxidation behavior of NiCoCrAlY coating at high temperature. A 0.5 um-thick Pt film was
prepared on the multi-arc ion plated NiCoCrAlY coating by electroless plating combined with following vacuum annealing
treatment. The high temperature oxidation performance of the coatings before and after modification by electroless Pt plating
were tested by isothermal temperature oxidation and cyclic oxidation tests at 1 050 C in air, and the phase composition,
morphology and element distribution of the coatings were analyzed by means of scanning electron microscopy (SEM), X-ray
diffraction (XRD) and electron probe micro-analyzer (EPMA). The results revealed that the NiCoCrAlY coating exhibited a
higher oxidation rate in the process of isothermal oxidation for 20 h, and its oxidation weight gain, average thickness of oxide
film and oxidation rate constant were 0.78 mg/cm’, 2.31 ym and 6.32x107'2 g%/(cm*:s), respectively. In contrast, after being
modified by electroless Pt plating, the isothermal oxidation rate of the NiCoCrAlY coating was reduced significantly, and its
oxidation weight gain, average thickness of oxide film and oxidation rate constant were decreased to 0.47 mg/cm?, 0.83 pum and
2.16x107'% g%/(cm*s), respectively. The modification of electroless Pt plating also effectively improved the cyclic oxidation
performance of the NiCoCrAlY coating. After cyclic oxidation for 300 times, the oxidation weight gain was decreased from
1.52 mg/cm2 to 1.05 mg/cmz, the average thickness of oxide film was reduced from about 5.77 um to 3.62 um and the oxidation
rate constant was decreased from 1.93x107'? g%/(cm*s) to 9.86x107"* g%/(cm*s). The phase composition of the oxide film
formed on the NiCoCrAlY coatings before and after modification by electroless Pt plating during the isothermal temperature
oxidation and cyclic oxidation were a-Al,O3;. However, the a-Al,O; film formed on the NiCoCrAlY coating under the two
oxidation conditions has obvious fluctuations, and also grown into the coating in local areas. It can also be observed that local
peeling of the oxide film occurred in the later stage of cyclic oxidation. After modification by electroless Pt plating, the a-Al,05
film formed on the NiCoCrAlY coating was obviously thinner, with higher compactness and flatness, without cracking and
peeling. At the same time, the growth of oxide film into the coating was effectively inhibited. It can be seen that the
modification by electroless Pt plating can further improve the high temperature oxidation resistance of the multi-arc ion plated
NiCoCrAlY coating. This is mainly due to the following two reasons: (1) The gaps in the NiCoCrAlY coating were effectively
filled by electroless Pt plating, which improved the compactness of the coating and inhibited the growth of a-Al,O; film into the
coating. (2) High affinity between Pt element and Al element promoted the rapid diffusion of Al element in the coating to the
surface, resulting in the rapid formation of thinner and denser a-Al,O; film. In short, electroless Pt plating is conducive to
further expand the application of multi-arc ion plated NiCoCrAlY coating in the field of high temperature protection.

KEY WORDS: electroless Pt plating; high temperature oxidation; microstructure; NiCoCrAlY coating; 0-Al,O;; multi-arc ion
plating
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Fig.1 Surface (a, c) and cross-sectional (b, d) morphologies of the coatings before
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Fig.7 Cross-sectional EPMA results of the coatings after 20 h isothermal oxidation
at 1 050 C (a: NiCoCrAlY; b: NiCoCrAlY-Pt)



- 234 - * wm #H R

2023 43 H

A Ak g 2 RN SR A Y 1% ST T S T A O R il £k
WK 8 Fim. K 8a i, 2 FikZH 2B A L i
W E, AfEHINEERREEN S, Hi,
NiCoCrAlY R Z M AL W & R B & T
NiCoCrAlY-Pt ¥ )z . & ¥ A bl % 280 K HT,
NiCoCrAlY ¥ )2 i S fb 14 5 il 2 55 20 34 Sl K AH, 7%
Z )i B PR LR T AR ARG T R N R, DR A
JIES %2 Y% o T NiCoCrAlY-Pt IRJ2TE 300 IAEH A
i e, H R IR A W i, R B A Ak
PERN 5 ITfE T RIS . YT 2 AR )= B3
#, NiCoCrAlY %2 MAIETE A 1.52 mg/em?, i
NiCoCrAlY-Pt V%2 M E AL E K7 1.05 mg/em®, /)
T 0.47 mg/em’®, 38 A E AL 95 AR R A
FKRWAT L (K 8b) , NiCoCrAlY &)= A b ik
REBK, N 1.93x10 "2 g*/(cm*-s), 1Mii NiCoCrAlY-Pt
T2 B A AL R BN A M 9.86x107 " g%/(em®s),
B NiCoCrAlY-Pt ¥ JZ M) & 1k # % L~ 7 ih
NiCoCrAlY-Pt IR JZ2E A H M 51%, XiUiH] Pt A9
JEH SRR T NiCoCrAlY ¥4 J2 2% 1w Sk I 1 A K
o PEIEAL 300 WG, WRIZAAHA S ANE 9 45 1)
X FHERATHT A RPN, YRR E] B-NiAl A7 5T,

—eo— NiCoCrAlY
1.5 f —=— NiCoCrAlY-Pt

=
°
e 1.0 F
g
%
g
S 05}
3
=

0 L

0 50 100 150 200 250 300
Cycles
a S E

2.5 L —o— NiCoCrAlY
g —0— NiCoCrAlY-Pt
b 2.0 f
)
)
£ 1.5
S
a 1.0
g
k]
° 0.5
g
a ol

0 50 100 150 200 250 300
Cycles
b SAEE I

B8 IRJZE4 1050 CHEFAAL 300 K1Y
SR R A A Y5 BN 1] A2 A it £
Fig.8 Relationship between the weight gain (a) and
square of weight gain (b) and oxidation time of the
NiCoCrAlY and NiCoCrAlY-Pt coatings after cyclic
oxidation at 1 050 C for 300 times

1: a-ALO;  2:y/y'

1 2

A

Intensit (a. u.)
F -
F’_ )

2 NiCoCrAlY-Pt
i
i 2
1 1 i1 11 2
. . . . INiCoICrAlY
20 30 40 50 60 70 8 90

20/(°)

B9 IRIZZ 1050 CHEFRELL 300 Y Y XRD (&1
Fig.9 XRD patterns of the NiCoCrAlY and NiCoCrAlY-Pt
coatings after cyclic oxidation at 1 050 ‘C for 300 times

XRWEA AT ET, HTHFET Al THR, ffifd B
AR T vyt FEEEAS 300 h EFR A ALK
IR, NiCoCrAlY ¥ )2 Fll NiCoCrAlY-Pt 3224 h{
AN a-ALOs.

K10 5T 1 050 C a4 300 G IRZE
(Y2 AV A . 2 Pl 2 3R Y8 i 2 B ) Ak
[, Hr NiCoCrAlY ¥)2 (&l 10a) im0y AL L
LG , I HLAT DAXEE )58 4 AL BV e T A
Kry X (K 10a L BB bRICh & ) o i
NiCoCrAlY-Pt )2 F 1 B A AL, JoA LR
BIVEI S (I 10c) o Al WL, Pt Motk NiCoCrAlY i
2B A AL B P AR o X LR TS (& 10D
FIE 10d) ATLLA IR, NiCoCrAlY 324 i A Ak ik
FARBH G, IR 5.77 pm, [6N G2 N
KEmE /Y (K 100 L FEERICAE ) |, 256
R4 B 45 H i AL AT O ST R 1Y EPMA Z5 ] 1, X
ALY RIRE R AL R SEARY), I SRR & A T )
ARG . R, S0 P AT ) 45 2 i 2 e
(FHE g fb288 Ni ZHAERAE ) , AL
JEAE AR R R R P P A AR I ST o T NiCoCrAlY-Pt
TR 2382 10 SR IR B AR X 3534 5, P32 3.62 um,
454 EPMA & th Al F1 O TG 404 o] LU SE , T
3 S ) AR R B

2.4 1LFHE Pt Xt NiCoCrAlY iR E &L 1% EE
kA1)

M-AIP JLRRURZRT, T 5 B2 @ Aol i
PR e, TR &I A R T BE T I 8 sh g 5 LA
M R ECERENT, g2 R e A KR LI
ARG HI 451 NiCoCrAlY 152 RIFEFEAE RIS
HAR A B AL R AT 5 U 2 R 1w A, B EA T
iR AR PR e SE B (B 1b FIE 2a), EAkid
FRrp, SIS U A TR 2 3R T P LR N RE AR K
BHTE A AR IE i 2 R 2 N S (1 6b FilA
10b ), X —J5 3 N T 52 br & A A AL R A (4 4k



528 3

E B, 4 A P 2 IR THE NiCoCrAlY IR )2 i £ AT R Y2 - 235 -

>

¢ NiCoCrAlY-Pig £ EIL 4

A Oxide scale Ni plating

b NiCoCrAlY%: E#mES

Oxide scale Ni plating

A

d NiCoCrAlY-Ptg 2RI

B 10 WRIZZ 1050 CHEFRELL 300 YRS 14 2 1 R T T 47
Fig.10 Surface (a, c¢) and cross-sectional (b, d) morphologies of the coatings after cyclic
oxidation at 1 050 ‘C for 300 times (a, b: NiCoCrAlY; ¢, d: NiCoCrAlY-Pt)

1t R 2 DARE 22 IR T AT ), SRR I E RN (
4 FE 8); H—Jri, LI/ U235 A A
R, SEERbRE 2 B HRR, XFIESNE
AR NN 1 o AR 5T, R A i b 5 7 A
BIYIN 1, ST SR AR AR 3 U
10b Hf, AT DAZE S8 AR R B4 AR 0 DX SR 2% 3 e e e (b
SEHE Ni JZ AR AL IE NS ). Bl AL R,
P I ) 2 s, Y N R AR F B A
F, (8 & AR TF 2R, Xt R EIR A AL 280 KGR
FRIE T B R SR s % 1 £ BRI SRRV T,
HB IR R B S0 RT A AR ) AR R S A,
ALO; P4 E | [HI, NiCoCrAlY 142 M H IR &
AU FNAE I S A 1 T il 2 340 W R O 22 4R A 2 L A
ZALSEHE Pt S, NiCoCrAlY 14 2 iy e FIAE R
AL DR B ARG, Bt b AR I e, AR AR
A AL IR, PRVE MR ks, HOGSA B A
ARG UL AL A4 PO ERAA R T NiCoCrAlY
WP EAERE . SR N T REALEE LA Ly T
T, LAY POIE RO BB U AR Z IR LI,
[ 2288 Pt BOUTRH R ARG, DA b8 )2 mT 340 4 3
FoiXSEfLB (& 1d), BERZNEEER . 2k
B AL B TE I R 2 AR, e ZOE iUR h F-3H
ALO; I (&8 6d FIIEl 10d), XA F) T ol 3% A AL I N
NS AR s, BRI 24 . Hvk, Pt Al Al Z
[ FEAR SR A 2E AN 7, Pt B A AT I EER JE N ER Y
Al TR MR HL, Lo Al Bt ElL, W%
JEHE AL KEFEAE L B M yy RGIRAE (S
FE 7); [RIBF, Pk peddlve 2 b HAEE Al TR P

HMTHL, RAARIES . BE H AR 0-ALO;
JEAITI) IS AN AT SR, Pt fEMRAE ALO,
T U B A AR, i ALOS BB “4T A7 SRR,
PtiRAEI/ D Z FRC R (AN'S ) 16 S kb i SR 4L L) K2 4
LI A TR ) P22 S B R BE AT I S A B %) 26 A
PEo fb2F8E Pt PR E TECR W . A K H 535
e A 1 EAF I ALO, BRI B, X FE#R S
NiCoCrAlY )2 i Wil IR A% fig 71 J7 i A B 1
fEM o

3 #Hit

1) A8 Pt AT AR FE 2 90 F8% NiCoCrAlY
WEP LR, (R EBURER S, #h T AL
FRRE AR

2) fbPE P Z I FEML T NiCoCrAlY 1R)ZFE
H R A AL FIE I AL IS R v B SR A 2 il S AR A

3) fk2EgE Pt J2ZHEE T NiCoCrAlY IR )2 3R
ALO; BERY BB, 76 300 RIEFFE LT #E Tt ALO;
PR & A At F SRR

S 3k

[1] DAROLIA R. Thermal Barrier Coatings Technology:
Critical Review, Progress Update, Remaining Challenges
and Prospects[J]. International Materials Reviews, 2013,
58(6): 315-348.



+ 236 -

EN TR NN

2023 43 H

[11]

[12]

LIANG J J, WEI H, HOU G C, et al. Thermal Stability of
Phases in a NiCoCrAlY Coating Alloy[J].
Materials Research, 2008, 23(8): 2264-2274.
NIJDAM T J, SLOOF W G. Effect of Y Distribution on
the Oxidation Kinetics of NiCoCrAlY Bond Coat Alloys
[J]. Oxidation of Metals, 2008, 69(1): 1-12.

WHITTLE D P, STRINGER J. Improvements in High
Temperature Oxidation Resistance by Additions of Rea-

Journal of

ctive Elements or Oxide Dispersions[J]. Philosophical
Transactions of the Royal Society of London Series A,
Mathematical and Physical Sciences, 1980, 295(1413):
309-329.

HOU P Y, IZUMI T, GLEESON B. Sulfur Segregation at
AlLyOs/y-Ni + I'’-Ni;Al Interfaces: Effects of Pt, Cr and Hf
Additions[J]. Oxidation of Metals, 2009, 72(1): 109-124.
BENOIST J, BADAWI K F, MALIE A, et al. Micro-
structure of Pt Modified Aluminide Coatings on Ni-Based
Superalloys without Prior Pt Diffusion[J]. Surface and
Coatings Technology, 2005, 194(1): 48-57.

YAO Jun-qi, HE Ye-dong, WANG De-ren, et al. Thermal
Barrier Coatings with (Al,05—Y,05)/(Pt or Pt—-Au) Com-
posite Bond Coat and 8YSZ Top Coat on Ni-Based Supe-
ralloy[J]. Applied Surface Science, 2013, 286: 298-305.
DIAZ D J, WILLIAMSON T L, GUO Xiao-ying, et al.
Electroless Deposition of Gold and Platinum for Meta-
llization of the Intrapore Space in Porous Gallium
Nitride[J]. Thin Solid Films, 2006, 514(1-2): 120-126.
RAO C R K, TRIVEDI D C. Chemical and Electroche-
mical Depositions of Platinum Group Metals and Their
Applications[J]. Coordination Chemistry Reviews, 2005,
249(5-6): 613-631.

RAO C R K, PUSHPAVANAM M. Electroless Deposition
of Platinum on Titanium Substrates[J]. Materials Chemi-
stry and Physics, 2001, 68(1-3): 62-65.

RHODA R N, VINES R F. Bath and Process for Platinum
and Platinum Alloys: US3486928[P]. 1969-12-30.

CHEN C S, WU Cheng-han, FAN T L, et al. Pt Deposi-
tion on Ni-Based Superalloy via a Combination of Gal-
vanic Displacement Reaction and Chemical Reduction[J].
Materials Chemistry and Physics, 2020, 254: 123475.
IR, BTES 8% NiCoCrAlYTa IR)Z M6 i
FEHERFFED]. T MN: AR B TR, 2017.

XIE Shi-ming. Research on Preparation and Oxidation
Resistance of NiCoCrAlYTa Coating Deposited by Arc

[17]

[18]

[22]

[23]

Ion Plating[D]. Guangzhou: South China University of
Technology, 2017.

LIANG J J, WEI H, ZHU Y L, et al. Influence of Re on
the Properties of a NiCoCrAlY Coating Alloy[J]. Journal
of Materials Science & Technology, 2011, 27(5): 408-414.
STACY J P, ZHANG Y, PINT B A, et al. Synthesis and
Oxidation Performance of Al-Enriched y+y" Coatings on
Ni-Based Superalloys via Secondary Aluminizing[J]. Sur-
face and Coatings Technology, 2007, 202(4-7): 632- 636.
YU Chun-tang, LIU He, JIANG Cheng-yang, et al. Modi-
fication of NiCoCrAlY with Pt: Part II. Application in
TBC with Pure Metastable Tetragonal (t’) Phase YSZ and
Thermal Cycling Behavior[J]. Journal of Materials Sci-
ence & Technology, 2019, 35(3): 350-359.

GHADAMI F, SABOUR ROUH AGHDAM A, GHA-
DAMI S. Microstructural Characteristics and Oxidation
Behavior of the Modified MCrAIX Coatings: A Critical
Review[J]. Vacuum, 2021, 185: 109980.

CHAO J, GONZALEZ-CARRASCO J L. The Role of the
Surface Roughness on the Integrity of Thermally Gene-
rated Oxide Scales. Application to the Al,O;/MA956 Sys-
tem[J]. Materials Science and Engineering: A, 1997,
230(1-2): 39-48.

YANG Ying-fei, YAO Hong-rui, BAO Ze-bin, et al.
Modification of NiCoCrAlY with Pt: Part I. Effect of Pt
Depositing Location and Cyclic Oxidation Performance
[J]. Journal of Materials Science & Technology, 2019,
35(3): 341-349.

ALLAM I M, AKUEZUE H C, WHITTLE D P. Influence
of Small Pt Additions on Al,O3 Scale Adherence[J]. Oxi-
dation of Metals, 1980, 14(6): 517.

CADORET Y, MONCEAU D, BACOS M P, et al. Effect
of Platinum on the Growth Rate of the Oxide Scale
Formed on Cast Nickel Aluminide Intermetallic Alloys[J].
Oxidation of Metals, 2005, 64(3): 185-205.

MARCUS P, OLEFJORD I, OUDAR J. The Influence of
Sulphur on the Dissolution and the Passivation of a Nickel-
Iron Alloy—II. Surface Analysis by ESCA[J]. Corrosion
Science, 1984, 24(4): 269-278.

JACKSON M R, RAIRDEN J R. The Aluminization of
Platinum and Platinum-Coated IN-738[J]. Metallurgical
Transactions A, 1977, 8(11): 1697-1707.

ST TR



