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Effect of Hot Corrosion on the Creep Rupture Properties of
a Nickel-Base Superalloy
Masayuki YOSHIBA, Ohmi MIYAGAWA, Tsuneaki SAKAKI, and Dai FUJISHIRO
Synopsis :

The creep rupture tests of a nickel-base superalloy Inconel 751 were carried out at 800°C in static air
for the specimens with or without coating of synthetic ash mixture composed of 90% Na,SO, plus 10%
NaCl and the effect of hot corrosion on the creep rupture properties was investigated.

In ash-coated specimens the rupture strength was extremely low and showed large difference from each
other. The rupture ductility also lowered remarkably as a result of brittle fracture mode due to hot cor—
rosion.

The creep fracture of specimens without coating of ash mixture occurred as a result of the growth and
the coalescence of 4 large number of grain boundary cracks, as usually observed. In ash—coated spec—
imens, on the other hand, only a few aggressive intergranular penetration of sulfides, which had already
initiated during apparent a steady—state creep stage, opened in an accelerated creep stage, propagated rap—
idly as a main crack and consequently a premature fracture resulted in, These results indicate that hot cor—
rosion could essentially alter the creep fracture mechanism.

From the observation of the density and the length of aggressive intergranular penetrations existing in
ruptured or unruptured specimens, it was also suggested that in hot corrosive environment the rupture
life of Inconel 751 was mostly determined by the initiating process of only a few aggressive intergranular

penetration.
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Table 1. Chemical composition of Inconel 751.
(Wt%)

¢ S Mn S Ni G Ti Al Fe GCu JPF

0.06 0.15 0.06 0.007 Bal. 14.53 2.39 1.07 6.52 0.03 0.96

Do

¥~Surtace oxide scale layer
Corrosion product layer
Intergranular penetration

Do :Original diameter, measured with a micrometer.

Dws : Diameter of structurally usefut alloy, measured
metallographicalty (x100),

Di~: Diameter of alloy substrate unattected by
intergranular penetration ot sulfides and oxides,
measured metallographically (x100).

Surface loss = -12—( Do-D) {mm)

= _L &
D=ZZD0n

Maximum depth ot penetration = -]2-( Do-D') (mm)

F=1%o04
FARYS]

Fig. 1. Schematic representation of metallogra-
phic methods for determining hot corrosion attack.

35
_wf
~ - [®]
g 3 ™~ No ash coated
E 25 F R
2 :/ ®. T
% 20 :—/0/ . o\
¢ C ./.// \\s. °
& - > LS \
o 15 / 1 %
=1 B S VQ ~
3 B Ash coated

10 T S | p 1o bl I
°
B
£
2
£
1)
[
5
=4
Q
2
8
Q
§ 15{ e | TR SO O A | 3
- —
< o
5 50— —o0—_
‘gl 10 -
o
R 7

@ @

=3 4 2/ ./ /
é o %‘.ﬂ“!‘.l |A l/l i\ |%| )

10 50 100 500 1000
Rupture time (h)

Fig. 2. Creep rupture properties of Inconel 751
specimens in air and in hot corrosive environment.
Dashed lines imply a decreasing in the corrosive
action of molten salt for the prolonged creep
rupture test,

— 121 —



122 g &

% 68 4 (1982) w12

X5 &, BAREF COEMBFEHRIAIPCESTEL
{EL, TDI 2 KRERELODEXRLTVS. BEK
BRI X 3 R E OE T % BRI O W wEE ©
KK OPMITRE w35 2 ¥ 0 IS ARBEWIRE TR
T, TOREMLIO4LTHEL, BRI X2 THKH
ErRRKFOESUTICETERTTB Epvbnb, ¥
1o, ARJENRFF M T OB RBEMIRE oo — 32K b
BTARTIORAEIEVD, Zht b BEEoZ
B BRAME OB RDROBACEET S LEX bh
50, —FHEMhOELR D L, KEP TR 10% Lko
HBHK EREY AT, BREREPTITNTY 3%

DAFeiRA U, i D IS BT T A 5 R LT
VWA .

WAR DI EMWREE S A, SO, 7R, V,0,-Na,SO, %
B HRIK, V,0,-Na,S0,-NiS BRERKB IO b
BRI X A4 OEAERE T Inconel 700 @
R 7 v — TRk Y 700°C L 750°C TfTLw, S
Bsr D& CEFEHSUE EENTREOET b 0EAE L
<, ETBRBEEF CRLBICHEEBOARA TS &
WE LTS, Lal, ZOHYCREEEARECK
%7 Y — BB T s BRI EENo e &
hTuv /v, 7, Hurr 5943 Nimonic 90, Alloy
713C, Mar-M246 7 E& AT, U= » b BOEHH JP-
4 OFRIEENREE 7 AF (FAFE 250m/s) TD 27 Y
— TR B 900°C TIFV, BREEH AT
RKEFCHENXTThoEE S EEREIEL, X562
EhRED, MEEF AEREEE (K4 NaCGl) 23
TMEND & XDOMEMILE LICEEEC b EHE LT
B, LT RO B RS ABRD BEER
B S @ T \bay, Hurr 5 & s @0 L%
René 41 it UTi7o%: ScamirT-THOMAS HL, #
BE 7 A F T S R RILHCES < (KRS Ni Bk o
RN LT ABEY X ) BT 570, |
WO k&R EABE D LA RE bk b L%k
LTuwb.

L7 oT, thbOMEGEREARAERERLBAT
5L, BAEREOEFEL ZOMFBEFCI2TERDS
7, EEGLBRYZT 5 & Ni A#EL&D 2 Y —F
BWEEEEIXE LSIETL, »2orDiEX s o2 lBAT 5
ZEMNHEBNATHS. LolLishihb, 79— 7EEEE
CHEEE~ OB BRRBEOFE Y HEY B S DM
NI ERA L, T2V — 7HER{HCEET 5
HRELAEBT I OTHhE I RIS,

DER, KT IVBARFREF CORENRZ ) —
FEiE Fig. 3 WiRd. chicks &, KAKPTIRE

20 2
s Ash coated 800°C - 21 kg/mm?
< ™~
151 ¢! g
~ | & |
= 0
~ [¢) —r—'—A"‘-—"—‘
1ok O 50 100
g Time (h)
n No ash coated
5 -
Ash coated
I I
N, [ ,
0 100 200 300 400 500

Time (h)

Fig. 3. Typical creep curves of Inconel 751 specimens
in air and in hot corrosive environment. Arrows indicate
the starting point of accelerated creep.
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Photo. 1. A typical microstructure of longitudinal
section of Inconel 751 specimen creep tested for
113h in hot corrosive environment (800°C, 17 kg/
mm?). Stress axis is horizontal. Numerals in the
photograph represent Vickers hardness number
(load 50g).
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Fig. 4. Hot corrosion kinetics under the creep
conditions evaluated by means of various methods.
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Fig. 5. Relationship between the minimum creep
rate and applied stress of Inconel 751 specimens
tested in air and in hot corrosive environment.
Arrows indicate the stress increment due to the
surface loss.
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Fig. 6. Relationship between the rupture life and
the minimum creep rate of Inconel 751 specimens
tested in air and in hot corrosive environment.

T, Lk Zh boRAIIITH b BEEH X
THo L wa Enb, B2 ) - FTHRE~DONAR
BOHEIEHDTUNEWEELBRD. b LER, &
DX 5T R FIARART S 8D CIHIWMIERTT S
&, BIRTIERICHER LTz D TEBRER YR T
=S

DEWR, KEPEBRRRPORN Y — THE LB
kR o B% % Fig. 6 RT. chickts &, F—D
2 ) — TEECES, BREEPOHEKFMIAK
PRERTE LBV, BARER TSI CLARR
WRALT RN )V - THEXEXTAHE L% Fig. 5
TR LA, BRERBRETOWEFGHA DO X 51—
7 ) —FTEECTHERE L TRKFOBE L ) BRI
2 L, EEBEBEAET 7 ) — SEETRER

3
800°C - 17kg/mm?

Zep
- B
= N
Sit
? 8

0 |see—a—o—0p o 1 L

0 100 200 300

a) At pointA

Photo. 2. Microstructural changes of longitudinal
section of Inconel 751 specimen during creep
rupture test in hot corrosive environment (800°C,
17 kg/ mm?2). Stress axis is horizontal.
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Fig. 7. EPMA line profiles across the tip of
aggressive intergranular penetration of Inconel 751
specimen in apparent steady creep stage (800°C,
17 kg /mm?2).

Photo. 3. Characteristic X-ray images at the tip of aggressive intergranular penetration of Inconel 751

specimen in apparent steady creep stage (800°C, 17 kg/mm?). Stress axis is horizontal.
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Photo., 4. Fracture rﬁorphologies of Inconel 751
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kg/mm?2, tr=155h).
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Photo. 5. Fracture morphologies of Inconel 751
specimen creep-ruptured at 800°C in hot corrosive
environment (¢ =17 kg/mm?, tr=453h).
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Fig. 8. Relationship between the depth of predo-
minant intergranular penetration and creep time
of ruptured and unruptured Inconel 751 specimens
(800°C).
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Fig. 9. Relationship between apparent rate of
predominant intergranular penetration and applied
stress of creep ruptured Inconel 751 specimens.
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Fig. 10. Relationship between the density of
aggressive intergranular penetrations and creep
time of Inconel 751 specimens.
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