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Hot Corrosion of the Ni-20%Cr Alloy and Waspaloy Immersed in Na,SO,

Kiyoshi KUSABIRAKI, Masashi MORITA, Xiping Guo and Hiroshi ANADA

Synopsis

: The nickel-based superalloy of Waspaloy and the Ni~20%Cr alloy were hot-corroded in the molten Na,SO, under the flowing air for up to

720ks at 1273 to 1473K to clarify the sulfidation/oxidation behavior by means of XRD, OM, SEM, EPMA and TEM. They formed a sub-

scale which was composed of intergranular and intragranular compounds in the alloy interior together with an external scale on the alloy. The

kinetic of the subscale formations was followed by a parabolic rate law. The external scale and subscale formed on the Ni-20%Cr alloy con-
sisted of Cr,0; and Cr,S;, Cr;S, and a small amount of Cr,O;, respectively. Those formed on Waspaloy consisted of (Cr-Co- Ti),0, and TiS,,
Cr,S;, CrsS,, Al O, and (Cr- Co- Ti),0;, respectively. In order to observe directly the three dimensional morphology of the subscale, a metal

matrix was dissolved using an organic solution that does not dissolve the metallic sulfides or oxides which constitute the subscale. The organ-

ic solution developed in this investigation consisted of bromine, cetylpyridinium bromide and acetonitrile. The SEM images of the three-di-

mensional subscale extracted from the corroded alloys with the organic solution showed that the intergranular compounds formed thin walls

of sulfides and oxides along grain boundaries and an intragranular sulfide formed isolated needles in the alloy grain interior near the external

scale.

Key words: Waspaloy; superalloy; sulfidation; hot corrosion; oxidation; scale; subscale; organic solvent system.
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Table 1. Chemical composition of the alloys. (mass%)

Aloy | ¢ | si[m | P s | o | o [Mo
Ni-20%Cr 0.002| 0.01| <0.01| <0.001(0.0008 | 20.26| - -
Waspaloy 0.031 0.01 0.02| <0.001|<0.001 18.73| 13.00 4.26‘

Alloy T afzZ] B Fe | Cu | Ni
Ni—20%Cr - 0.021 - - 002 - Bal.
Waspaloy~ 2.86! 1.49| 0.08 0.007 0.64| 0.02 Bal.

Vo

=2
C1 Gas outlet

2 Specimen

3 K themcouple

4 SiO; tube

5 Oring

6 Body

7 »Gas inlet 50mm
8 Adapter of vacuum gage —_

Fig. 1. A furnace for hot corrosion test.
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Na,SO, {232 & 1172 Ni-20%Cr 4+ & % & U Waspaloy O miiIg &

Bromine Cetylpyridinium bromide Acetonitrile
49 20g 100g
| | |
Dissolve Hot-corroded alloy
12.4g 0.1g
Solvent

Stir, 348K, 72ks

Separate —» Supernatant

Residue

Methanol — Rinse
Dry up

Residue

Fig. 2. Organic solvent system dissolution procedure for
the hot-corroded Ni-20%Cr alloy and Waspaloy.
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Organic solvent
system

»Bromine

-Cetylpyridinium
bromide

+ Acetonitrile

Chamber

Specimen

Water Stage

Electric heater

Fig. 3. Organic solvent system dissolution technique.

A: Surface of a sample before hot corrosion
B: Intergranular corroded zone

C: Intragranular corroded zone

D: External scale

Fig. 4. Cross section of the Ni-20%Cr alloy hot-corroded
at 1273K for 72 ks in Na,SO,.
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Fig. 5. Cross sections of the Ni-20%Cr alloy hot-corroded
at 1373K for (a) 18ks, (b) 36ks, (c) 54ks and (d)

72ks in Na,SO,.

| ===

Fig. 6. Cross sections of the Waspaloy hot-corroded at
1373K for (a) 18ks, (b) 36ks, (¢) 54ks and (d)
72ks in Na,SO,.
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Fig. 7. X-ray diffraction pattern of the scale on the
Ni-20%Cr alloy hot-corroded at 1273K for 72 ks in

Na,SO,.
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Fig. 8. X-ray diffraction pattern of the scale on the Was-
paloy hot-corroded at 1273K for 72 ks in Na,SO,.
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in Na,SO,.

BEIZDOWTERBNAZERIITE AL,

[ERR O AT A 1273K, 1473K TREii@E & L 72BRIzER L
22T = IZOWT (T o720, MiAEE & ICERMEOME
FIZE RIS OHRICEE D SARBEN 2 HETED 6 hik
ﬁ‘f)f:c

SN KB L, N-H,-H,STFEHRIZ & % Waspaloy D
B B TIENIS,, NijSy, NigS,, (Co-Ni-Fe),Sy, Cr,_ S¥ &
U'TiS, DR A MR L T b, ARBFFED Na,SO, 12 & 518
BTIREERD K5 Ni@ﬁéiﬂﬁ’%ﬁif)‘ﬁmft'm T
ENTunign, 20L& E/BERIEEESBEHLYOREELE
R L — X 7% 6 O AL o iEde 4 vk B il —
ANF K" 0 FPHRINBZEREFIFEBOLKVEDTH
%,

meéééunwmmmﬁﬁﬁﬁbt%ﬂ%ﬁ
DSEMIZ & 2 2RE & H KU Cr, S, ODHRM: XH IS
A ORER% Fig. 9l ¥, R U227 —ILidA /_JZV\]
MORFB X OCRNOIKBOLERME , ASEREIHEOIK
BEOHEBYMO2MEH» S5 Z L b b, PI T
% Cr, S, OlZDWT|AM L RIZEBE, Crésd
SN SRR B X OBRNOERME O TH 5 2
ENFERTE %, AERMTHEDOERMIZL Cr, ODIRE

BWZELSCIDEBRILMTHZZ LAMHRTES, Z0
MREXROFOBREBAT S L, ASLkmEHEOIKE

BOERMECr,0, TH Y, N D5 VIERAND T T 2
7= E T B IRED AL Cr,S,, Cr,S DV i
THBENAD, FT AT —LEMKT % Cr,S, & CrS i
AWIEMLTE D, EPMAIZ & BIEHRER S & Mt 2
S5EXBT 5T LGN TH - -,

Fig.10 i Waspaloy % 1273K T 72 ks & i J& & U 72 08T
D EPMA IZ & % 2B %% L VAL Co, Cr, Mo, Ni, O, S
FUTI OFMEXBGARLEZEDTH S, KRIEDAEE

501



I 502

$ &4 Tetsuto-Hagané  Vol. 93 (2007) No. 7

Fig. 10. Secondary electron image and the characteristic X-ray images of a cross section of the Waspaloy hot-corroded at 1273K

for 72 ks in Na,SO,.
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Fig. 11. Relations between the thickness of subscale and
square root of hot-corroding time at various tem-
peratures.
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Fig. 12. Arrhenius plots of parabolic rate constants for
subscale formation.

Fig. 13. SEM images of the subscale obtained from the
Ni—20%Cr alloy hot-corroded at 1373K for 360 ks
in Na,SO,.
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Fig. 14. SEM image and the characteristic X-ray images obtained from the Ni-20%Cr alloy hot-corroded at 1373K for 360 ks in
Na,SO,. The dissolution was interrupted before it was completed.
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Fig. 15. SEM image of the subscale obtained from the
Waspaloy hot-corroded at 1373K for 720ks in
Na,SO,.

%, KPR TIEEZE < OEHIRE RO TEMEIER & IR
WEFEIITE & L2200 T 8 ARSI R OB L
72 Cr,S;, Cr,S,,TiS, (Waspaloy TOAMM) TH -7,

& ZAThEimE B L7 Ni-20%Cr &%, Waspaloyid, Z
NFEFTEE LN EREILFEE THE L 722 Fe-36%Ni R Y,
41%Fe-39Ni-13%Co %", Fe-SiRAEPLIEFE LS BAD
WERE 5 T 27 — LSRR O TR 1 R B O R
IZZ UL, AREEREMLECEMRT 2 S HMOBEH &
227 = L O—FHAERFPIZBE L, TTOBRE+2ICE
w@nWM@w o, DK BEEEEDO RN

EWOBEICRI S5 LA BELEbNS,



Fig. 16. SEM image and the characteristic X-ray images obtained from the
Waspaloy hot-corroded at 1373K for 720ks in Na,SO,. The dissolu-
tion was interrupted before it was completed.

4. #

[l

Waspaloy ¥ & U % D EEA G4 D Ni-20%Cr & &I D0
T, Na,SO, & FHVZEMEEE TAERLZ 2y — L&k
AR S 5 K OYSEM, EPMA, XARIENT , A H7A IR IAR
TEM % FlW THIRER I RE A A U TRl F O am & 572,

(1) BEEEICE->T, AGREIINEZr -, N
I T 2T =L EER L 77, Ni20%Cr&EDRE IEE
I2Cr0;, HHEIZCS,, CrS & D ED Cr0, 2 SR & h
7zo 72, Waspaloy D iiii # {3 (Cr- Co-Ti),0,,#% & 1% TiS,,
Cr,Ss, CrsSq, ALO, % K TN(Cr-Co - Ti),0, 5 & FfK & 17z,

(2) Ni20%Cra4 ¥ & U Waspaloy D 7 2 & — )LD
RREAE, RARHEGE & 7R 4 2 BRIl € - 72, Waspaloy
HOHT 27— LIENI20%CrAEDZFh R T, RE
AP E MBI B > 720 RO AN O = 3o
F—-LLT, ZNFh, 177kl/mol & 237 kI/mol & 1572,

(3) Wftdn, Bibnh S35 7 X7 — Lo kRS
EBIET 2 - I AR RSB AR L 72, KAER
CREZR-LHb e FAE Y Vo -T2 = P Y LRE
PRSI A U7z

(4) BJEL-AHEEREMEE VT, i, B
EI» B H 727 —LOVIEEEEZD S22, &
EORFIEETLHEM D 5 2K+ 2 6 & 581D
(Cr,0, & %3 ALO,, (Cr-Co-Ti),0, (% %13 Waspaloy IZ
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Na,SO, {Z¥E & 172 Ni-20%Cr 13 & % & U Waspaloy O ikt &

Fig. 17. TEM images of the needle-

shaped extracts obtained
from the Ni-20%Cr alloy (A
and B) and the Waspaloy (C)
hot-corroded at 1373K for
180ks. (A) Cr,S;, (B) Cr,S,,
(C) TiS,.
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AR O ACE AT IR 2 S K 13 4R B2 B2 it 2R & wli ) &
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