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Preparation processes of Ni-Al-based coatings and
their oxidation resistance

OU Tao-ping, CAO Guang-hui
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Abstract: The y'-NizAl, y’-NizAl+f-NiAl, f-NiAl, f-NiAl+J-Ni,Al; and J-NiyAls coatings with structures controllable in
the Ni-Al binary components range on Ni-based superalloy DZ417G were prepared by using appropriate pack
cementation processes. The structures, cross sections and surface morphologies after high temperature oxidation of the
coatings were observed and analyzed by optical microscopy, X-ray diffractometry and scanning electron microscopy. The
experimental results of isothermal air oxidation at 900 ‘C and 1 100 “C indicate that these coatings can significantly

improve the oxidation resistance of the substrate materials, and the oxidation resistance of NiAl coatings is the best at the

same thickness of coatings.

Key words: superalloy; pack cementation; coatings; oxidation resistance

DU IR e B HUHE S« mdeses ik
FERI AR A (R R A e A s LI i CATRR AN
Wit SABLILEDKR, A RJLHER L RE T
TR A AN SR T 52 o RO R, 2
P i o AR W BT IR S0 Tt
IR A SR BRI RN, e A =
(Thermal barrier coatings, TBCs)Fi A, 1] LLAT %dE = &
BN TAFIREE SR AR A A Hbstid 22 4R
EERGA R TR IR RARARE R Eahh
SR> TSN, S R R L R, AR

BEEWMB: LTRSS 4% BT H (08PJ1405200, 10JC1405100)

Ucks BHA: 2010-11-23; f&iTHH#A: 2011-06-25

MNRZE RS E BREEMNEH .

HAr, )2 N R 2R 2 AR MCrALY
(M=Ni or Co, or Ni+Co)ilfl i K FH 5 2 1 WiR i1 77 74l
Fro BRIMAR B T WHRVEAE TR I FE h 2 3 i 2 (H 4R
e, BAP A o SR P [ AAOK A B A 45
SRR, HT R AR BRI, WD, &
Gy AFHI S BRI s SRR TR, 5T
Vi, el &R 2 4 A 45 2 B AR Y. ik
J& B-(Ni, PH)AL 45414 Ji: GLEESON 2 BHR i (1 s At
S H0) Pt P 9-Nity-Nis ALVR 2 28 5R H [40k R is 80

BIEEE: O, #d%, it Hig: 021-56337244; E-mail: ghcao@shu.edu.cn



1726 A G A R

201246 H

il . HEr, HNCSARZ H B RS
HBRIZ R ED ™, (B R iR o 4
FAA bR 2 AT LA ALE AN IR N, A
I, O R 2 I AR BAT o
TR S E . Bk R BEREIRS R 2 A 8UR
REAN G FEAAMDRL AL 22 A A 0%, 1T HOE 5B 511
B VB DA SRR N TR A P AR SR R A
] A AR AR, RSB RN sy BRI R A
PRUEL IS [AIFE Ni-Al Z JoAH B DX )y il 2% T 4183
PR Ni-Al F54R )2 76 900 ‘CH1 1 100 CHEfT= 0
AL SER, SR IPUE AT RE AT T W5

1 I8

WRIEFARPRL N P 1 R il 5 4 DZ-417G, L
A WA 1. SIS P AR T 15 mmX 15
mm X3 mm [{] R RFEZLKEERD AT 1204~800#1% 2
FTBE I, (TR rh 75 s o, AR5 Ve KU+ H

£ 1 DZ-417G 542
Table 1

fraction, %)

Chemical compositions of DZ-417G alloy (mass

Cr Co Al Ti Fe A\ Mo

8.96 9.72 5.41 4.5 0.23 0.86 3.08

C B P S Si Mn Ni

0.18 0.015 0.002 0.002 0.04 0.05 Bal.

B AV (Cr-ALRY, B85 14 15% (0 73 50)) -
NH,Cl #1 F1 ALO; ¥y 2 i, ALOs B T4 1200 C
ke 2 h, DABR ZHEME mi it B DL B AR 4% — e Ll
RAIAT, RGN — BRI B3R T, H
Ve E . KB P RON 120 CFRFE b TR
3~4 h, FHEONHLBE Y, R P 2218 71 48 800~1 050 C

®2 WadlE T

Table 2 Preparation processes of coatings
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Fig. 1 XRD patterns of coatings made by different

preparation processes: 1*—y-NizAl; 2" — y-Ni;Al+S-NiAl;
3*—B-NiAl; 4—p-NiAl+5-Ni,Aly; 5*—0-Ni Al coating

Number Chemical composition of aluminizing agent Holding temperature and time
1 2%—4% Cr-Al+2% NH,CI+ALO; (Bal.) 800—850 C,2-3h; 1 050C,2h
2 4%—6% Cr-Al+2% NH,CI+AlLO; (Bal.) 800—850 C,3-4h; 1050C,2h
3 10%—16% Cr-Al+2% NH,4CI+Al,O5 (Bal.) 800—850 C,2-3h; 1 050C,2h
4 4%—6% Al+2% NH4CI+AlL,O; (Bal.) 800850 C,3-4h; 1050C,2h

5 10%—20% Al+2% NH,CI+ALO; (Bal.)

800—850 C,2-3h; 1 050C,2h
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Substrate

Substrate
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Fig. 2 Optical cross-sectional images:
(a) 1" — y-Ni;Al; (b) 2" — y'-Ni;Al+
B-NiAl; (c) 3"—p-NiAl; (d) 4"—B-NiAl+
0-Ni,Al;; (e) 5% —3-Ni,Al; coatings
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SN 8~10), # NipAl; Eb NisAl f NiAl 5 5 B i
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Table 3 Possible reactions and their Gibbs energies during
aluminizing at 800 ‘C!' ' 0 5 10 15 20 25
Reaction Chemical reaction AG/(kJ'mol ™) h
No. 40
1 NH,Cl(s)— NH;(g)+HCl(g) (b)
2 2HCI(g)+2A1—2AICI(g)+Hy(g)  —103.419 o
g 307 4 — No coating
3 2HCI(g)+Al— AlCly(g)+H(g) ~170.975 ° v — Ni;Al coating
4 6HCl(g)+2Al —2AICIy(g)+3Hy(g)  —566.485 % 2l i E;filg(;ﬁ?gg
5 3AICI(g)—>[Al] +2AICI(g) —62.259 E
5
6 3AICI(g)—2[Al]+AICIy(g) ~114.113 2 !
7 2AICI5(g)+Al— 3 AICI(g) ~15.423 = 107
8 Ni+Al= NiAl ~108.524
9 2Ni+3A1=Ni,Al; ~267.738 0 5 10 s 20
10 INI+AI=Ni;Al ~139.967 th

s—solid; g—gas.
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Fig. 3 Isothermal oxidation kinetics of coatings at 900 C(a)
and 1 100 C(b)
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Bl 4 900 ‘CEHR A IRFER T SEM 1%

Fig. 4 SEM images of surfaces of samples after isothermal oxidation at 900 C for 25 h: (a) Substrate; (b) Ni;Al coating; (c) NiAl

coating; (d) Ni,Al; coating
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