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speed in high temperature environment, which is widely against the high temperature oxidation to increase the life and protect
the surface. Slurry aluminizing (SA), packing cementation aluminizing (PCA), and chemical vapor deposition (CVD) are three
typical methods for preparing aluminized coating. Different coating structures and compositions can be obtained by different
aluminized preparation methods, which may lead to difference in high temperature oxidation properties. To explore this
difference, a Ni-based superalloy K403 was subject to diffusional aluminizing by three typical methods, and the oxidation
resistance were evaluated.

The K403 alloy was cut into long squares of 20 mmx10 mmX2 mm as the base materials and was smoothed by sandpaper
and then cleaned. By employing methods of SA, PCA, and CVD respectively at 950 °C, the diffusional aluminized coatings with
about 40-60 pum thickness were prepared. High temperature oxidation tests were performed by the SETSYS evolution
thermo-gravimetric analyzer (for in situ recording oxidation curves) in the air at 1 000 ‘C for 50 h. Then the surface and
cross-sectional microstructure of the coating were observed with a scanning electron microscope (FEI Nova Nano SEM450).
Then the component was analyzed by a energy dispersive X-ray spectroscopy (EDS) of each selected point taken by an energy
spectrometer. The phase composition of the coating was analyzed by an X-ray diffractometer (DSADVANCE-A25).

The aluminized coatings available at 950 °C by various methods were all composed of B-NiAl phase. However, the
concentration of metals particularly Ti diffused into the coating from K403 was method dependent, with variation of the
concentration of incorporated metal from high to low in order as follows: slurry aluminization (SA), pack cementation
aluminization (PCA) and CVD aluminization. Oxidation in air at 1 000 ‘C showed that the aluminized coating prepared by PCA
had the fastest oxidation rate, the CVD counterpart had the slowest, and the SA one was in the middle. The result was attributed
to the difference in the concentration of the incorporated Ti, which could affect the B-NiAl coating's oxidation behavior, in
particular, the phase transformation of meta-stable 6-Al,05 to stable a-Al,Os. Different from the aluminized coating prepared by
PCA which grew a 0-Al,05 scale, the CVD counterpart with an appropriate concentration of incorporated Ti directly formed a
more compact a-Al,O; scale during oxidation. The incorporation of too much Ti into the aluminized coating prepared by SA
lead to the precipitation of more large-sized Ti-rich phases. Its faster external and internal oxidation caused the coating, although
it grew a-Al,O; scale on major area, to have the oxidation rate slower than the aluminized coating prepared by PCA but faster
than the CVD one. The dependence of the various aluminizing methods on the mechanisms for the growth of B-NiAl diffusion
coatings and the oxide scales on them is discussed.

KEY WORDS: K403; aluminized coating; packing cementation aluminizing; slurry aluminizing; CVD aluminizing; oxidation
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Fig.2 Cross-sectional morphologies and corresponding energy spectrum analysis of aluminized coating prepared by SA
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Fig.3 Cross-sectional morphologies and corresponding elemental mappings of aluminized coating prepared by PCA
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Fig.4 Cross-sectional morphologies and corresponding elemental mappings of aluminized coating prepared by CVD
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3 R EAEZS S0 1000 'C AL 50 h 5 R#
e E 8 FrzR o MIRAFEME T L, PCA IR)ZTE B
ALO; i JE (1K 8a), CVD Hik (& 8c), SABE
1) ALO, i (&l 8b), 7E SA BJZMF /by K
BT EJRM TiO,, & B A EEE L CVD K
MY . AN ALO; B = A5 G — 20 kB, CVD I
2 8e) KT ALO; L PCA IRZH (&l 8a),
{HEL SA BJE (K 8b ). 74, SA TRIZIH ALOs i
B RKWEOFE, JC0 MR (K 8b), PCA IRIZM
ALO; R T 0 AHERZ, ELBEPY H B T 25 3R( & 8a ).
16 CVD WRZM ALOs 5Py W 3] 14 2 A 45 /N H A e
B, HRmK R ALO; B2 (& 8c), X&
i 0 Al SR G A A o R AR 52 1k AR K T a2

b SAVBAIRSE

2.3 BESMUENERIE

SA .PCA F1 CVD & Al $A5 1030 B-NIALIR 2,
£ 1000 C T & Ak B — M £ 4 4B KRR A W
0-ALO!' T ZE AL — BT R FE 0-ALOS/IEZE R
kA 0-ALO; MEA a-ALO; EAS . BT
0-ALO; PIBEG ((i4h . 245 ) W R, HAKZ AP
FIANT B . e, AT o7 Al 2 A T 1) b
P, XRFEMEAE 0-ALO; BRI, 0-ALO,
A KO B B3] OF Y B, AL L
0-ALO; 18 1~2 MR, 2 0-ALO,/WR)ZE A1
0—a JEBELSE R a-AlOs J2 i, 4801k 3R K i 25 A
K sb Fros, 3 FhiRZE R AEAE B 2B,
X5 EATFE & A1 0-ALO; il a—ALO, 4= KI5
K CAZ [ B AL AR S B AR R K, A Rt 584
DARTB4RE — 2T ML 0-ALO; TEIR)Z L%
AR, Bl 0o HFEETE 0-ALO/IRZ S TIE L
B, SAAb R A

Zi B, PCA #4510 B-NiAl IR ZRMAEK T
KM BAUIR 6-ALOs, FIHEE 0-ALO;—>a—ALO; 1)
A A8 o B8 1 LR 2 PCA IR 2 S AL BE A b
0-ALO; I E AL R, 7R HAE Ko i, Bl ALY
Pk A, FEAE TR A, Ho i R SRRy
B, S AR Py BB AL DTRE i as i . CVD il £
) B-NiAl ¥ 2w A K A & 2R, e etk
0-ALO;. XM TEALIEH, AU A LI Y
P HCEEAE, NI ANGELER M., X —45 R AN T

-
b.»
®
-

¢ CVDBAIRE

K7 3FE ALIRIZTE 1000 CRALL 50 h 5 AR mEM
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and CVD (c) method after 50 h oxidation in air at 1 000 C
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CVD B EHEEAATEF 0-A1L,0;—>0-ALO; BYAHFEAR
W L PCA IWRE, S AL BEEE 5 N 5 IR R
o-ALO; P L HA KM AP AN LY
FE RN O HNY B £S5, R 0-ALO; A
AR ZBE], SR B . AR (nE 7e. B
8¢ FiR), HARIAZE RS A IRERY, Xt CVD
WZ5 PCA tHLL, FrAKr ALO; JFA: K B T
Hzs i8R JE o SA 1) B-NiAl 4 )2 BTE BEHL A
6], M Ni Aly AL A NiAL A BT A B9 Bt la] 45
FEORETBHE K403 G4tk (JLHE T K%,
EHEA, RYREE TiO, /NP, Huang %124
FIBFFE 2B, TiO, T O WV S 45 B 5 a-ALLOs;
HFE B HEZS T Chep ) 2548, B REME IS FFIL a-ALO;
ErRe, Rt HE HEAK, WK 0-ALO—
o-ALO; AIFE AL fE . AP UL, B Ti 7%
13 SA B ALIRJZSE LR T POIE it 4 K1 a-ALO;
&, RIAE ANE] 0-ALOs fh/it, HAEKRZHuth i &
THUNY a-ALO; fikE (& 7b), X252 KLZHL
M5 1 S AL S BE He PCA F CDV R B A (1 8 ),
P EE R T B B-NiAl, SEEL KR TE Ti
BT, AUCPREAAE B T A B Y Tio,
(& 7b), T ELS AN X% A= AL (] 8b ),
I SA % Z R SEALHEEE L CVD MK, {BH PCA FUE

3 #it

BRI T3 B TT s DR

(CVD). BB AR A ( PCA ) R (SA ), T 950 C
TFENi B E R A4 K403 1B AL B-NiALR)Z,
K AAERARITE T HIE Ti B 04 A HTE
HBIWRERICH SA B Al IRE>CVD & Al I})Z
>PCA B ALIRJZ . 16 B-NIALIZZEH, S48 ILRBAR
WA, SECEAILE 1000 CFEfLR), HiVfa
A 0-ALO; [MFA A 0-ALO; A ZEHLHIAE . 7E CVD
WEPBAGEE Ti, 23 TEEERS o-ALO; B
K, EALHEE AL, 75 SARESF, N Ti B AWK
i, HEIHT s TRZKRSEE Ti 1, e
BEL MR E M B A E S T CVD 2. 51
R 2 FpOrEEAEL, PCA RIZEN Ti B amii ik, 7F
A FEAE K WRSH 0-ALO; B, PR 4 Ak i 2
47 A8

H LT UL, 7E K403 FRAIARIT 5 AL, &4
TR MBI RS B il £ 19 B-NiAL IRJZ )
SAALML & AR o IR FT 45 Sk Ry e £ AR Y S
Al J7 BT 248 Ni EmiR A & Bl &bt a b vk re it
B ALRIZRRALTE S

&% 3k

[1]  PENG X. Metallic Coatings for High-Temperature
Oxidation Resistance[M] Thermal Barrier Coatings, 2011:
53-74.

[2] GOWARD G W. Progress in Coatings for Gas Turbine
Airfoils[J]. Surface and Coatings Technology, 1998,



© 326 -

EN TR NN

2023 4 6 H

[12]

108/109(1/2/3): 73-79.

NICHOLLS J R. Advances in Coating Design for
High-Performance Gas Turbines[J]. MRS Bulletin, 2003,
28(9): 659-670.

PICHOIR R, HAUSER J M. The Current Status of
Coatings for High Temperature Applications[J]. Environ-
mental Degradation of High Temperature Materials, 1980,
1: 6.

LEVINE S R, CAVES R M. Thermodynamics and
Kinetics of Pack Aluminide Coating Formation on IN-
100[J]. Journal of the Electrochemical Society, 1974,
121(8): 1051.

XIANG Z D, BURNELL-GRAY J S, DATTA P K.
Aluminide Coating Formation on Nickel-Base Supera-
lloys by Pack Cementation Process[J]. Journal of Ma-
terials Science, 2001, 36(23): 5673-5682.

GALETZ M C, MONTERO X, MOLLARD M, et al. The
Role of Combustion Synthesis in the Formation of Slurry
Aluminization[J]. Intermetallics, 2014, 44: 8-17.
SOLEIMANI DORCHEH A, GALETZ M C. Slurry
Aluminizing: A Solution for Molten Nitrate Salt Cor-
rosion in Concentrated Solar Power Plants[J]. Solar Ener-
gy Materials and Solar Cells, 2016, 146: 8-15.

PEDRAZA F, PROY M, BOULESTEIX C, et al. Slurry
Aluminizing of IN-800HT Austenitic Stainless Steel and
Pure Nickel. Correlations between Experimental Results
and Modelling of Diffusion[J]. Materials and Corrosion,
2016, 67(10): 1059-1067.

CHOY K L. Chemical Vapour Deposition of Coatings[J].
Progress in Materials Science, 2003, 48(2): 57-170.
YAVORSKA M, SIENIAWSKI J, ZIELINSKA M.
Functional Properties of Aluminide Layer Deposited on
Inconel 713 LC Ni-Based Superalloy in the CVD Pro-
cess[J]. Archives of Metallurgy and Materials, 2011,
56(1): 187-192.

ZIELINSKA M, ZAGULA-YAVORSKA M, SIENIA-
WSKI J, et al. Microstructure and Oxidation Resistance of
an Aluminide Coating on the Nickel Based Superalloy
Mar M247 Deposited by the CVD Aluminizing Pro-
cess[J]. Archives of Metallurgy and Materials, 2013,
58(3): 697-701.

Edward A. Elements of X-ray Diffraction[J]. Physics
Bulletin, 1978, 29(12): 572.

WA, K403 Bt mi & SRR B R IRZE iU R X
P il A ACTERENTSE[D]. B 5 B BAIEE Ko7, 2022:
31-37.

YANG lJiu-feng. Research on the Formation Process and

[15]

[18]

[19]

[23]

[24]

High Temperature Oxidation Resistance of Slurry Alumi-
nized Coating on K403 Nickel-Based Superalloy[D].
Nanchang: Nanchang Hangkong University, 2022: 31-37.
DAS D K, JOSHI S V, SINGH V. Evolution of Aluminide
Coating Microstructure on Nickel-base Cast Superalloy
CM-247 in a Single-Step High-Activity Aluminizing Pro-
cess[J]. Metallurgical and Materials Transactions A, 1998,
29(8): 2173-2188.

GOWARD G W, BOONE D H. Mechanisms of Formation
of Diffusion Aluminide Coatings on Nickel-Base Supe-
ralloys[J]. Oxidation of Metals, 1971, 3(5): 475-495.
KHAN A, HUANG Y, DONG Z, et al. Effect of Cr,04
Nanoparticle Dispersions on Oxidation Kinetics and
Phase Transformation of Thermally Grown Alumina on a
Nickel Aluminide Coating[J]. Corrosion Science, 2019,
150: 91-99.

HUANG Y, PENG X. The Promoted Formation of an
A-Al,0O; Scale on a Nickel Aluminide with Surface
Cr203 Particles[J]. Corrosion Science, 2016, 112: 226-
232.

PENG X, GUAN Y, DONG Z, et al. A Fundamental
Aspect of the Growth Process of Alumina Scale on a
Metal with Dispersion of CeO, Nanoparticles[J]. Corro-
sion Science, 2011, 53(5): 1954-1959.

PENG X, LI T, PAN W P. Oxidation of a La,0;-Modified
Aluminide Coating[J]. Scripta Materialia, 2001, 44(7):
1033-1038.

PENG X, CLARKE D R, WANG F. Transient-Alumina
Transformations during the Oxidation of Magnetron-
Sputtered CoCrAl Nanocrystalline Coatings[J]. Oxidation
of Metals, 2003, 60(3): 225-240.

BRUMM M W, GRABKE H J. The Oxidation Behaviour
of NiAl-I. Phase Transformations in the Alumina Scale
during Oxidation of NiAl and NiAl-Cr Alloys[J]. Corro-
sion Science, 1992, 33(11): 1677-1690.

ZHAO Wei, LI Zhuo-qun, GLEESON B. A New Kinetics-
Based Approach to Quantifying the Extent of Metastable
— Stable Phase Transformation in Thermally-Grown
Al O; Scales[J]. Oxidation of Metals, 2013, 79(3): 361-
381.

HUANG Yuan-chao, PENG Xiao, CHEN Xing-qiu. TiO,
Nanoparticles-Assisted A-Al,O3; Direct Thermal Growth
on Nickel Aluminide Intermetallics: Template Effect of
the Oxide with the Hexagonal Oxygen Sublattice[J]. Cor-
rosion Science, 2019, 153: 109-117.

CER L AU



