324 g &

5 68 48 (1982) w22

Ni EBEEIcs TS Al 8L Pt+Al a—5 4 > %

J& DR & itf = T B i

Microstructures and Hot Corrosion Resistance of Aluminide
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Synopsis :

Pack cementation process has been applied for depositing aluminide and platinum-aluminide coatings

on a nickel-base superalloy IN-738LC.

In order to investigate hot corrosion behaviors of the coatings,

specimens covered with a Na,SO, salt containing 25%NaCl have been heated in the air in the

temperatures ranging from 750 to 980°C.

As aluminide coating after pack cementation at 750°C mainly consists of brittle NiyAls, diffusion

treatment is necessary to convert NiyAl; to more ductile and stable NiAl.

Aluminide coating after

pack cementation at 1120°C mainly consists of NiAl, and chromium precipitates contained in the
coating are relatively small in quantity. The hot corrosion resistance of the coating made at 1120°C
is inferior to that of the coating diffusion-treated after pack cementation at 750°C.
Platinum-aluminide coating has been made by electroplating of platinum plus pack cementation.
When the pack cementation is carried out at 750°C, PtAl, is formed as a thin layer at the surface of

coating after diffusion-treatment.
after pack cementation at

While the mixture of PtAl, and NiAl in the outer layer is obtainable
1120°C. Hot corrosion resistance of the platinum-aluminide coating is

excellent at 980°C, but inferior at 850°C or less to that of the aluminide coating diffusion-treated

after pack cementation at 750°C.
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Table 1. Chemical composition of :IN-738LC (Wt%) .

c Si Mn Ni Cr Mo Fe

Co Ti Al w B Zr Nb+Ta

0.12 <0.01 0.01 Bal.

15.74 1.76 0.21

8.29 3.25 3.26 2.60 0.015 0.069 2.29
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Fig. 1. Microstructure and composition profiles
of aluminide coating on IN-738 LC, aluminized
for 4 hr at 750°C by using a mixture consisting

of 25%Al, 1.59%NH,Cl, and 73.5%Al,0,. Etch-
ing : 100 ml{ H,O, 2.5g NaOH, and 2.5g KMnQO,,
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Fig. 2. X-ray diffraction results of the alumin-
ide coating surface of IN-738 LC, aluminized for
4h at 750°C and diffusion-treated for 4h at
each temperature.
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Fig. 3. Microstucture jand composition profiles
of the aluminide coating on IN-738 LC, alumin-
ized for 4 h at 750°C and diffusion-treated for
2hr at 1120°C. Etching : elctrolytically in 109
.oxalic acid.
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Fig. 4. X-ray diffraction pattern of the aluminide coating on IN-738 LC. The aluminide
coating was subjected to X-ray diffraction after removal of about 110 ¢ thickness by polish-
ing. Aluminizing : 4 h at 750°C. Diffusion-treatment : 2h at 1120°C. Etching : H,S0,, H;PO,,
and HNO,; (1:1:1).
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Photo. 1. Microstructure and phase identities of
aluminide coating on IN-738 LC, aluminized for
2h at 1120°C by using a mixture consisting of
4 94Al, 0.59,NH,C], and 95.5%Al,0,. Etching :
electrolytically in 10% oxalic acid. (% 400x 35)
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Fig. 5. Composition profiles of aluminide cost-
ing on IN-738 LC, aluminized for 2h at 1120°C.
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Photo. 2. Microstructure and phase identities of
platinum-aluminide coating on IN-738 LC. Ele-.
ctroplating of 5y thick platinum—aluminizing
for 4h at 750°C->diffusion-treatment for 2h at
1120°C. Etching : electrolytically in 102, oxalic
acid. (x400x3/4)
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Fig. 6. Microstructure and composition profiles
of platinum-aluminide coating on IN-738 LC.
Electroplating of 7 g thick platinum—aluminizing
for 2h at 1120°C. Etching : electorolytically in
109, oxalic acid.
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Alg : Aluminizing for 4h at 750°C—diffusion-treatment
for 2h at 1120°C.
--Alyg, :-Aluminizing for 2h at 1 120°C L
Pt+Al : Electroplating of 7 p thick platmum—-»alumxmz—
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Fig. 7. Hot corrosion test results of the Alg,
Al and Pt+Al coatings on IN-738 LC. Speci-
mens were coated with the fused 759;N2,SO,-
2594, NaCl salt of 10 mg/cm? and heated for 500 h
in the air.

Table 2. Phases identified by X-ray diffraction
studies on the surface of the Aly, Alp and Pt+Al
coatings after the hot corrosion test.
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Photo. 3. Cross sections of the Aly coating after
the hot corrosion test. Test temperature: (a)
750°C, (b) and (c) 850°C, and (d) 980°C
Etching : electrolytically in 109 oxalic acid. (X
400x 3/5)
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Fig. 8. Composition profiles of the Aly coating
after the hot corrosion test at 750°C.
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Photo. 4. Cross sections of the Aly coating after
the hot corrosion test as 750°C. (a) SEM ima-
ge, and X-ray distribution images for (b) O,
and (c) S.

the hot corrosion test at 750°C. Etching : electro-
lytically in 109 oxalic acid. (x400x 4/5)
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Photo. -6. Cross sections of the Pt-+

1

" the hot corrosion test at 750°C. Etching :

electrolytically in 1095 oxalic acid. (a) (x400x9/10), (b) (x800x9/10)
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Fig. “9. Composion profiles of the Pt+Al coat-
ing after the hot corrosion test at 750°C.
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at 980°C. Etching : clectrolytically in 102, oxalic
acid.
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