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Figure 2 Distribution of elements in the aluminide coating
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Table 2 EDS results of different elements within the aluminide coating
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Figure 4 XRD results of aluminide coating

deposited on the surface of Inconel 718

superalloy
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Figure 6 Laves phase and ¢ phase in the inner layer of the aluminide coating simulated by
JmatPro
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Figure 7 The contents of Laves phase and o phase in the inner layer of aluminide coating
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with decreasing Ni content at 1 050 C



138

MBS S ] 2024 4E45 18 #5651 441

EAF AR Rk 2 %A BCC MM
FEAE , BCC HHIT LA TE 4 i 20 F 2 o A1 & B T 1R 1%
MR 20, 3 36 B BCC AR v RERE & o 4. & 104
& WA A BT A b BERE Nt % D Y 2 L
A, WE 10T IF o5 BCCH B 75 15 1 B
A RE AR AT o T MR 2R B 32 2 R
I T AR A 7 A A ER BB A RN R AT AR | AR
T BT AR T E O BE T R S 2 IMatPro Bk 4 7E BG4 AR
PRI L 1 P AH S 7 5 8 5 o) S5 1 0 AH S
KGR P e 22 5 T 51 % o FEAS R IR 5 BCC A 1Y

[F)

—— BCC ——y-Ni
60 — MC Laves
N S-NiAl o
i —_———
£
-~ -804
:{/ /’_\
)
=
<
2 -1001
~120- - ——
L) J L) L) T
0 10 20 30 40 50

Atom percent(Ni)/%
B 10 1 050 CiE & & T B NijT = & E 8/ Inconel
7T1I8BEBEEERYHENERITERETLER
Figure 10 Change of Gibbs free energy of phases in
Inconel 718 superalloy with decreasing Ni
content at 1 050 C

3 %Hit

(1)7E 1050 “Cilg E A& P &ad 1.5 h [ i),
Inconel 718 F1H A= W L Wik 12 B A XUZ 454
HNE RN 14, 1 pm 89 B-NIALA , 11 N 2 F
¥R 5.9 pm A o #H A1 Laves A 4H A% o

(2)Inconel 718 F ik & & 1 K& NiTw RN
WE A FE, IS5 Y 145 0 2 RO AR R
B-NiAlM . NiJGZE R BT BE KA 4w
y-Ni A8 2>, 24 NiJo 2 W & & 5 52> 2 49%
40% B, y-NiAH P FF 46 47t Laves #H AT o 4 .

(3) 4 Inconel 718 il A4 M NITTE MY & =
/2 900 B il A 5 A i AR L o A RN Laves
FHA AR AL N )2 .

B 30k

[1] REED R C. The superalloys: Fundamentals and
applications[ M ]. London: Cambridge University Press,
2006.

[2] RIFAT M, PAGAN D C, DEMETER E C, et al. On
the formation of pileups during nano-scratching of
Inconel 718 produced using additive manufacturing [J].
Materialia, 2023, 30:101813.

[3] T, 1Tk, BT, % . Inconel 718 il & 4 % i
T4 3 72 0 A U R IR R [ T]. & Jm Ak 3
2023, 48(5):151-157.

[4] AFSHARI M, HAMZEKOLAEI H G,
MOHAMMADI N, et al. Investigating the effect of
laser cladding parameters on the microstructure,
geometry and temperature changes of Inconel 718
superalloy using the numerical and experimental
procedures [J]. Materials Today Communications,
2023, 35:106329.

(5] SEXA, W%, fr Bk, 4 . 57 A P Ak FR ) 2 )4 1
R O 3D ATV INTIS A4 [T]. MR 5 R HT
2022, 16(6):1017-1023.

[6] LMk, R =t, KB, % W BIR INTIS IR Z 44
LtEfentsE[ 1], FimA, 2022, 51(10) :361-369.

[7] AL-LAMI J, HOANG P, DAVIES C, et al. Plastic
inhomogeneity and crack initiation in hybrid wrought -

additively manufactured Inconel 718 [J]. Materials
Characterization, 2023, 199: 112815.

[8] Wz, B, AN, 45 . AL FE U R 1 4 Inconel
7184 & TIG MR A L SV PERE RS2 M [ T]. B4 RFBIE 5
4R, 2023, 37(3):184-192.

(9] E&, BREN, ZE T2, % . Inconel 718 & L& 4 112
Z 38 WO A BOE LA TT]. PR H LR 4
(FSRFHEM L 2023, 39(1):1-9.

[10] WANG Z, GUI Z, WU 1J, et al. Microstructure and
high-temperature mechanical properties of Inconel 718
superalloy weldment affected by fast-frequency pulsed
TIG welding [J]. Journal of Manufacturing Processes,
2023, 89:338-348.

[11] %, S, BRE, % EARRAIRHL 3 241
bR B Bt LT iR LB AR, 2022, 64(4)
315-317.

[12] PEREPEZKO J H. The hotter the engine, the better
[J]. Science, 2009, 326(5956):1068-1069.

[13] PADTURE N P, GELL M, JORDAN E H. Thermal
barrier coatings for gas-turbine engine applications[J].
Science, 2002, 296(5566) :280-284.

[14] CLARKE D R, OECHSNER M, PADTURE N P.
Thermal-barrier coatings for more efficient gas-turbine
engines[ J]. MRS Bulletin, 2012, 37(10):891-898.

[15] COJOCARU M O, BRANZEI M, DRUGA L N.
Aluminide diffusion coatings on Inconel-718 by pack
cementation| J|. Materials, 2022, 15(15):5453.

[16] HEE, W=, % ,%. CVDLH & mADIRZ
Lo FEXH Inconel 718 4 4 i il 5 A 1 fiE B A% JH 9% 95 1k



o RS < Inconel 718 w4 42 2 11 513 A6 49 U J2 ) ] 4 B HOTE L ol 139

femsZm ] MR, 2020, 53(4):41-45. gas diffusion process [J]. Journal of Alloys and
[17] difi, 5259, EAAIE 5 . Bt m R ARG &R Compounds, 2010, 215:206-212.
ALY IR A A FIERE 2w [T]. BB B, 2023, [22] #E5de, XBMG, Truk, 55 . Co/Prist 1k W i 2 34
56(3):114-123. Tl AT O PR 5T B BB LT]. MEORHBE 5 5 A, 2022, 16
[18] WANG C, CHEN S. Microstructure and cyclic (2):243-252.
oxidation behavior of hot dip aluminized coating on Ni- [23] XOHS, fREy:, WHEH, & . RIKBEEWN PALRZES
base superalloy Inconel 718[J]. Surface and Coatings PRARR S IREG &Y BT M [T]. B ORHIF 5T
Technology, 2006, 201(7) : 3862-3866. R, 2021, 15(1):9-15.
[19] WANG Y, SMIALEK J, SUNESON M. Oxidation [24] SHAO W, GUEVARA-VELA J M, FERNANDEZ-
behavior of Hf-modified aluminide coatings on Inconel- CABALLERO A, et al. Accurate prediction of the
718 at 1050 °C [J]. Journal of Coating Science and solid-state region of the Ni-Al phase diagram including
Technology, 2014, 1(1):25-45. configurational and vibrational entropy and magnetic
[20] GOWARD G W, BOONE D H. Mechanisms of effects[ J]. Acta Materialia, 2023, 253:118962.
formation of diffusion aluminide coatings on nickel-base [25] BUDBERG P, PRINCE A. Al-Fe-Ni ternary phase
superalloys [J]. Oxidation of Metals, 1971, 3 (5) : diagram evaluation [ J/OL]. MSIT. https://materials.
475-495. springer.com/msi/docs/sm-msi-r-10-010205 01.
[21] RAFIEE H, ARABI H, RASTEGARI S. Effects of [26] ROGL P. Al-Cr-Ni ternary phase diagram evaluation
temperature and  Al-concentration on formation [J/OL]. MSIT. https://materials. springer. com/msi/
mechanism of an aluminide coating applied on docs/sm-msi-r-10-012731-01.

superalloy IN738LC through a single step low activity

Aluminide Coating Prepared on the Surface of Inconel 718 Superalloy
and Its Formation Mechanism

MENG Guohui', QI Haoxiong', DU Zhuan', LTU Meijun", YANG Guanjun', WU Yong®, SUN Qingyun®,
XIA Siyao®, DONG Xue®
(1. State Key Laboratory for Mechanical Behavior of Materials, Xi’an Jiaotong University, Xi’an 710049, China;
2. Wuhan Research Institute of Materials Protection Co. , Ltd. , Wuhan 430030, China)

Abstract: Determining the microstructure and elucidating the formation mechanism of aluminide coatings on Inconel 718
superalloy surfaces are crucial steps in enhancing the alloy’s resistance to high-temperature oxidation and corrosion of. In this
study, aluminide coatings were deposited on Inconel 718 superalloy surfaces by chemical vapor deposition. The microstructure
of the aluminide coatings was thoroughly characterized by material thermodynamics simulation software JMatPro, along with X-
ray diffractometry, X-ray energy spectrometry and scanning electron microscopy. The results showed that, following a 1.5 h
reaction time at 1 050 °C, the aluminide coating exhibited a distinctive double-layered structure on the Inconel 718 surface.
The outer layer consisted predominantly of the 2-NiAl phase with an average thickness of 14.1 pm, while the inner layer,
with an average thickness of 5.9 pum, comprised the o phase and Laves phase. The outward diffusion of a substantial amount
of Ni from the Inconel 718 superalloy to its surface led to the formation of the #-NiAl phase through a reactive process with
aluminum halides in the surrounding environment. This outward diffusion resulted in a reduction of the y-Ni phase within the
superalloy . As the Ni content in the superalloy decreased to 49 at. % , the Laves phase began to precipitate in the y-Ni
phase. A further reduction to 40 at. % of Ni content initiated the precipitation of the ¢ phase. Ultimately, with Ni content
reaching 9 at. %, the Inconel 718 superalloy underwent a complete transformation into an aluminide inner layer, comprising
the o phase and the Laves phase. These findings provide comprehensive insights into the underlying mechanisms of coating
formation, offering a theoretical foundation for optimizing aluminide coating processes. Moreover, the study holds practical
significance in enhancing the high-temperature stability and corrosion resistance of Inconel 718 superalloys.
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microstructure ; formation mechanism
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