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Effect of the Nature of Grain Boundaries on the Creep Rupture Properties
of a Nickel-base Superalloy in Hot Corrosive Environment

Masayuki YOsHIBA, Ohmi MIYAGAWA, 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 which were variously heat-treated and coated with synthetic ash mixture composed of
909% Na,SO, plus 10% NaCl and the effect of the nature of grain boundaries on the creep rupture prop—
ertics was investigated. In directly aged (DA) specimens which had zigzag boundaries with coarse tita—
nium-—rich carbides, a drop in the rupture strength due to hot corrosion was less pronounced than that in
simply aged (SA) and triple heat treated (THT) specimens which had straight boundaries with chromium-—
rich carbides. The rupture ductility, however, lowered remarkably as a result of brittle fracture mode
due to hot corrosion regardless of the nature of grain boundaries.

From the metallographic examination, it was clarified that the rupture life of Inconel 751 subjected to
hot corrosion was chiefly determined by the behavior of aggressive intergranular penetration of sulfides,
which depended strongly upon the grain boundary configuration and the boundary carbide constituents.
It was also suggested that the zigzag boundaries and the existence of coarse titanium-rich boundary car—
bides would control the intergranular penetrations to obey a given kinetics by virtue of their beneficial
effect on preventing both stress activation and chromium—depletion at grain boundaries, and therefore a
decrease in the rupture life of DA specimen should be restrained appreciably as compared with SA and

THT specimens.
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Table 1. Chemical composition of Inconel 751.
(wt%)
C Si Mn S Ni Cr
0.09 0.20 0.53 0.007 Bal. 16.07
Ti Al Fe Cu " Nb+Ta
2.05 1.10 5.74 0.05 1.18
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RGE LIBEBAHCE L D THD. hreH
LT, EERZ)NE (direct aging, DA L) ik
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7 ) — 7 WA 12 EATE 4 5x30mm DG
T, KEZE00 2T ) —FEL, Tt iTkb
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Table 2. Heat treatment conditions and the hardness after heat treatment.

Heat treatment conditions Hv (20kg)
Simple Aging (S A) 1 200°C X 2h—WQ + 750°C X 24h—AC 330
Triple Heat Treatment (THT) 1 200°C X 2h—AC+850°C X 24h—AC + 750°C X 20h—AC 317
Direct Aging (D A) 1 200°C X 2h—DA(900°C x 6h) =AC+750°C X 24h—AC 312

o 7

Simpte Aging (SA)

Triple Heat Treatment (THT)

e )

Direct Aging (DA)

Photo. 1. Typical microstructures of Inconel 751 specimens after various heat treatments.
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Fig. 1. 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 due to the prolonged creep
rupture test without repeated coating of ash mixture.

Table 3. Effect of heat treatment on the creep rupture properties of Inconel 751 specimens

in air and in hot corrosive environment.

Rupture strength (kg/mm?)

Heat treatment In air In corrosive

Ratio of accelerated creep period to

100 h -corrosion rupture life (t3/tr) (%)

rupture strength

environment¥ ratio (B/A) In air In corrosive

100h (A) 1000k 100h (B) ! environment
S A 26.0 15.2 6.9 0.27 18~40 2~17
THT 28.8 19.5 6.6 0.23 40~52 2~23
D A 27.8 20.0 15.6 0.56 44~64 2~25

* The lowest values in Fig. 1.
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Fig. 2. Hot corrosion kinetics of directly aged

Inconel 751 specimens under the creep conditions
evaluated by means of gravimetric and metal-
lographic methods.
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(a)(b):S A (18kg/mm®-463.6h) (c)(d):THT (20kg/mm?-916.0h) (e)(f):D A (25kg/mm2-243.3h)

Photo. 2. Fracture morphologies of Inconel 751 specimens creep-ruptured
at 800°C in air. Stress axis is vertical.

(2) (b) (c) : SA (tr=33.2h), (d)(e)(f) : THT (tr=>53.7h), ()(h)(i) : DA (tr=116.%h)
Photo. 3. Typical morphologies of intergranular penetratlons and fracture surfaces in Inconel
751 specxmens creep-ruptured under 15 kg/mm? at 800°C in hot corrosive environment.
Stress axis is vertical.
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Fig. 3. Relationship between the depth of pre-
dominant intergranular penetration and creep time
in creep—ruptured Inconel 751 specimens.
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Fig. 4. Relationship between the depth of predominant intergranular penetration and the
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depth of penetration in creep—ruptured Inconel 751 specimens.
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Fig. 5. Relationship between apparent rate of
predominant intergranular penetration and applied
stress in creep—ruptured Inconel 751 specimens.
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BZBHDh, HBHL2) 7V — FEHICHE D LILEE
X HHERLHRESRS FICH2TSHARBAT S
HWIeDh, IHIIL3) IGHERNAENOEE &
FRCESICENRAFIEET 5 00k K120 TER X
DM T 5 REH B D, WThice JEHR
ALY R RICH LTE L\ LB bR & R

T HEBRENSWEEL DR,

Zhiest LT, ¥ 7% ZRBMARC R T ELey ok
RBREVIGACIOTHEvBIREAW. ChIT, B
YRR D L 7 /IRCER LT, AT BNER

T2 ERD & S, DAMIKIH 3EHENFBARE X REDRANCIES ©
T, BERIZCODL 5 SE Y BB TRV, TTTIRS AR
THTH EOliEOIcDicd i THRAZEAH L. $LERIK, D
Aicd U ToABERAI @B r{E 12 356 1W/hd (n=
0.6) 72 5.

— 145 —



1820 #% &

T R e T

directly aged Inconel 751 specimen (15 kg/mm?-116.9 h ruptured).

REFOHECHNTHRECHMHEEOTHY, HRE
DS INEMEILRIE /e h i WD EEL RS, £ 0

5%, vZ¥ ZIRRFICKTiE Photo. 4 WiRT X5
Z, MARBDERN Y /¥ 7ro—0Z LB LT
W T, SHETi Do~V 7 APFETHELOR
JGY W EOTREE IR T feh, TODdELIAR
~NORFRERERP DL 5 IEH IR B & 5 BIRBIE D
M Ehs,

4-3 HRRBRREBAORRRILDERDOEE

P X 5, WAROHRIKAREEICEK
Bh bz, DA Biekd s v 7 7R R Lok
RREEMHT S 5 2 TELDTHRHTHS. LnL
DA ik, SA H= THT bl U TR R
MEA BT T L, BFRRILH OMHBHT I S 2
e ML, ShbofEd Pk MAMRREICEE
HEZ B ENTHELLRD. TS T, T I TIRRAEE
WEF OB FRBETHE R R R OHABCHIEL Zh
BB LICR R TORSTRIBE SO E S
TEHET 5.

REOHERECT X AR RAE TOXETRBESHOM
HEA EPMA 8o o THYN, £BE 2T
FOREE% Fig. 6, 7, 8 iwird. =9, B¥iMOoRE
BT T T WRIRICOWT DFER Y SA § (Fig. 6a)
L THT # (Fig. 7a) ©2oWTh B &, #HMAEEL IO
7Y = FEBCR T T ARARESI - TR
Cr-rich M,;Cq BlR{ESI3ChH B H, THT $# it 850
°C L 750°C pEREZhC X 0T R{bH kD%
BT a0, WARLHE LTHEEIRS G &
1 SA BMXod L, ThWwx HARE o Cr-de-
pleted zone D FEdH THTHOHAZE L.
NDp22}%, Inconel X-750 @ 850°C FRBFEHIC I\ Tk
Cr B EHT Bk TE B, —HRHuEE%o Cr-
depletion (3 EMFFHMBEOPA I VL LAFELIL W
EWARARME LM OBRYFEL TS, L L,
Inconel X-750 ;3 C &2y (0.03%) o<, Rt

RAymo-

13 THT $ T2 850°C ZRESCT Ti 2o b BLREELE
M23Ce BBE{E2D HIRIFUTHIEL 7285, Fig. Ta) AL X 51T,
LMy ) — F2EPI L SIHEES Cr-rich M23Ce 122867 5.

Stress axis is horizontal.

ELTHTEINS O 34D, Lo TAR
4 To Inconel 751(0.09%C) ki i b Rrgo iR
HIRTED THEZORS. T AP T\ T
13, Photo. 3 o EATEE »H BbLa X5, THT
MOFPRBREZTCHBRANE{EDBR, “DOZ
AT KI5 Cr-depleted zone O L\ FgE & B
HELTWBEELBRS.

R LT, DA Hick\vTit Fig. 8a) io/RL 72
XS mEERAC X > TR ARt Ti-, Nb-rich MC #I

a) Not penetrated b) Penetrated
GB. (carbide ) G&B, (sulfide)
i'J Ni Ni
4pm
A
A Cr

\
WA, "W"v' VWY

Intensity of Ka

[ "h‘\ff‘w»,._“ﬁ “I.".;:'-i-ﬁ-ﬁ.f!‘-‘_,_,_,‘
Ti

i
s \f"*\."*‘f ‘&“'v"\;"-' WA A A

Fig. 6. X-ray profiles across the grain bound-
aries where penetration not occurred (a) and
occurred (b) in a simply aged, creep-ruptured
Inconel 751 specimen (15 kg/mm?-62.7 h).

b) Penetrated

pehetrated
G;B. (carbide) G.*B. (sultide)

Ni

~
3
AL

Intensity of K«

Fig. 7. X-ray profiles across the grain bound-
aries where penetration not occurred (a) and
occurred (b) in a triple heat treated, creep—rup—
tured Inconel 751 specimen (7 kg/mm?-131.2 h).
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¢) As creep ruptured
_penetrated i

a) As heat treated 11b) As creep rup

not penetrated

G.B.(carbide) GB. (carbide) GB. (suitide)
: Ni | [ \/ Ni [V : \f\dN"i'
= s
5 i1
2 Iy Cr
2 A,‘.W‘\Ei,‘ﬁgbv.,w‘_l\
b HLH
g i
s 3 g [
HA I T

a) As heat treated.

b) As creep ruptured (15kg/mm?2-107.3h), penetration
not occurred.

¢) As creep ruptured (15kg/mm2-107.3h), penetration
occurred.

Fig. 8. X-ray profiles across the grain bound—
aries in directly aged Inconel 751 specimens.
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AR IR, EATCRIAAEERECEHET
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b7 ) — TEBCESSAPRAZHRRD bR, &
72 HEE AN HER LR R R AR Lo TR A mE Tk <
2L, VRS S, La LERCEER S
THEENCRNARBEOEFHIFRN TR LTk
EL{ Ry, BRIIIBARRE R COENEECEL
WHEY 7257, ThbbEHERMRCKS L, #
ERABRREZIL 2 Y — TR EERT, LCEL
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