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Synopsis :

The effect of grain size, ranged from 37 to 1220 um, on creep behavior of Hastelloy X was studied at
temperatures of 950, 1 000 and 1 050°C. A steady state creep rate, &g, of the alloy decreased with the in—
crease of the grain size, reached a minimum at the grain size of 100~200 ym, Ly, and increased with the
increase of that. From measurements of friction stress () and observations of microstructures, it is con—
cluded that the increase in ¢5 under a given applied stress with the decrease of the grain size is attributable
to the increase of an effective stress, oo(=0,—0¢, where g, is the applied stress). On the other hand, re—
crystallization induced by a high stress concentration at grain boundary triple points in the coarse-grained
alloys seems to accelerate the creep. By comparing the results in the Hastelloy X with those in carbon
free 17Cr—14Ni steel, it is suggested that the grain size dependence of the &4 of the Hastelloy X having finer
grains than Ly, is more remarkable than that of carbon free 17Cr—14Ni steel because of the decrease of fine
precipitates within grains in the former alloy, while the dependence of the alloy having coarser grains than
Ly is minor than that of carbon free 17Cr-14Ni steel because of preventing the stress concentration at the

triple points by the grain boundary precipitates.
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Table 2. Conditions of solution treatment for
changing the grain size of creep test specimens of
Hastelloy X.

a) Rod type specimens.

Solution treatment Grain size
(pm)
1200°C x10h 1 220
1200°C x21/5h 600
1200°C x1/2h 230
1200°C x 1 h-»59,C. R.— 85
1200°C x 1/10h
b) Plate type specimens.
Solution treatment Grain size
(z#m)
1250°C x3h 964
1200°C x1h-> | 12000CX1h 306
80%,C.R.-» Gxly
1200°C x1/6h 53
1200°C x1/12h 37

All specimens were quenched in water after solution treatment.
C. R. : Cold rolling

Table 3. Conditions of solution treatment for
changing the grain size of Strain dip test specimens
of Hastelloy X.

Solution treatment Grain size
(pm)
1200°C x1h 173
19200°C x1h— | 1200°G % l/ﬁh 51
309,C.R.— 1 200°C x 1/12 1 ”

All specimens were quenched in water after solution treatment.
C. R. : Cold rolling
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30 mm, SE{TERE F oI B A TR iR SRR
40 mm, SEATIRIE 6 mm, SEFHE 2mm & L. 7ok,
Strain dip test & LTtk Table 3 iR3T#HMEY i

6 mm,

Feht, #9950 pm LU ORIEIH L 80% BEOAREE L 24, 51 RO 173 pm OfFBREEY b2 3 BE O
HHE LT HEULE L\ E B DR b RO R L, BLEERE 30 mm, FTHE 6mm OO
Bl e L, FTi, HRHLATOLBERBRF LAV T ERBAAER LI
Table 1. Chemical composition of Hastelloy X studied (wtgj).
c Si Mn P S Cr Go | Mo | W Fe | Ni
0.07 0.38 0.55 0.015 0.005 21.24 0.60 8.29 0.52 18.13 bal.
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a) 37 pm

Photo. 1.
solution treatment.

2 Y — FEENT 950, 1000 For 1050°C ¢, uH
3.5~4.5 kgf/mm? CTfT\~, OIER T v AR HFL
THEEHE IR IO LR E D, BEICNONE
1Z43 Strain dip test &\ t-*. X B, 7 ) — SR
Ho@BE NEAOEEEETBRET L b, JY
— 7RBRETEE 7 V) — TR TPE LR RBhicounT, #
oz AEERLZE (INERE : 150 R* 200kV) &b

707

3. RBERBIUEER

3-1 ER{LHER
Photo. i B7e % &5 f b 2 308 L A B AL 2R AL EE
DREN I HFEEERT. W ThoR b iE+o7k

40 T
d=37um  Hastelloy X, T=1000°C
u i - 2
it=342min 0 =40kgfimm
0r 1€r=66%
~ I i
2T i
€ or d=1220pm
e |
ol d=230um
10
0 NS W U T Y VUNN SN SR S S S SR SO |
0 500 1000 1500
Time (min)
Fig. 1. Representative time-strain curves for the

specimens with the grain sizes of 37, 230, and
1220 gm.
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Microstructures of the specimens with the grain sizes of 37, 230, and 1220 ym after

E@EILEEERL, TABEBRMIED RV,
3-2 JU—THESNE

37, 230 Ryt 1220 pm OfEFHREY 23R MO
1000°C, 5 4.0kgf/mm? ¢ 7 Y — Fhig 4 Fig. 1
Rt BEMTERERENE 37 pm FUEAS b0 & b L,
230 pm DEREHS RO EV. I LI BHRRES K&
1220 pm DFRECLE, 230 pm OBURHC HA T ETRFRETI
Wlenh, ¥, BEEBOIIESERNEI /DI BT L
K& L, 37 pm OFRITIE 60% LB, ZOZ En
&, Hastelloy X (3 1000°C T 7 Y — 7l OFEZE
TokE R ERIEE R R T 2l B,

Fig. 2 1= 950 ® ¥ 1000°C, 4.0kgf/mm? & 1050
°C, 3.5 kgf/mm? ToOFERE O &abERTEN Y =~
T. WTFhORETYS, # 100 pm O JRIED & F 1T

300 T
oaQd rod
® a 3 plate

T
20| 950 *C. 4.0kgf/mm? I
w -

HastelloyX

(h)

O | 1000°C,4.0kgt/mm?
2 A
g /
4 A
e « 4 |
o 10 /- o - T
£ / —_‘D—\U\LEL
B o7r
skt | .

1050 °C, 3.5kgf/mm? -

2 [V i [
20 30 100 300 1000

Grain size (pm)

Fig. 2. Variation of time to rupture withv the
grain size at 950, 1000, and 1 050°C.
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Fig. 3. Representative creep rate-time curves for
the specimens with the grain sizes of 37, 230, and
1220 pm.
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Fig. 4. Steady state creep rate-stress curves for
the specimens with the grain sizes of 37, 230,
and 1220 pgm.
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Fig. 5. Variation of the steady state creep rate
with the grain size at 950, 1000, and 1 050°C,
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Fig. 6. Changes in stress exponent value r(a) and
activation energy for creep Q. (b) with the grain
size.

Table 4. Grain size power law for steady state
creep rate.

m value
950°C 1000°C 1050°C
4.0 kgf/ mm? | 4.0 kgf/ mm?| 3.5 kgf/ mm?2 | T¢2"
—2.32 —2.29 —2.88 —2.50
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b E OBAfR%Y Fig. 7 wmd. BEICIE BN
PWNEL eB EWAT B, Licdd>T, B
Bz EWKT S, 22T, #9200 pm LU DS EL
BELGORETOER 7V — FHEOCHINNGZ OFRE
HNOEMERHELTB0E 5 IOV TR 5.
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CHEEH 7V — F7HE & OBitR% Fig. 8 wind. W

Hastelloy
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Fig. 7. Changes in friction stress with the grain
size at 1000°C.
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Fig. 8. Changes in the steady state creep rate with
effective stress at 1 000°C for the specimens with
the grain sizes of 24, 51, and 173 pym.
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73 1.6 kgf/mm? (FEALRIRED 173 pm OFRRITIR, AT
G771 4.0kgf/mm? ERIG LTV 5) TOEHZ Y
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w
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Fig. 9. Variation of the steady state creep rate
with the grain size at 1 000°C under the effective
stress, ¢o, of 1.6 kgf/ mm? and the applied stress,
gq, of 4.0 kgf/ mm?.
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a) 37 pm, ¢=4.0kgl/mm2, £, =5.7h

*

b) 230 pm, o=4.5kgl/mm?, t,=13.7h

RIS ' R ¢ BE 10

¢) 1220 pm, o=4.5kgf/mm?, 4,=11.5h

Photo. 2. Scanning electron microstructures of the specimens with the grain sizes of 37, 230, and

1 220 pm after creep rupture test at 1000°C.
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fbd o hanE LT, FTHEMKEERT 2RO H
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ErAKTsb LRI S,

3.4.2 HIMTO EH 2V — FTHED KEEBEKE

1»_1]5 .

BRSO i, 17Cr-14Ni MBI KT 2 EE 2 V
— 7EE ORI, BREENPKEVEENFA=ZERT
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a) 37 pm (t,=5.7h)

b) 230 pm (4,=22h)
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Cr-14Ni gROREES & U/ E a3, Bk Lic X 5 i
ATz ofFERASBREE b, Zhud 17Cr-14Ni
DFBRLE I SHIBL TS, £ 2T, Hidh & FEE O
%17\, Hastelloy X ¢4 17Cr-14Ni g & FiED#E %
FRBRTE 0T ERF L.

Photo. 3 1= 1000°C, &5/ 4.0 kgf/mm? Gkl L7
AR OBEWER LB O SEBSEAR Y~ 37 Ko 230
pm OFSSERRY & ORI OMME (a RU'b) TRREH
DEFDIFRD BB DR LT, 1220 pm DR O
% (c) TRBEEEESEO 2 CEhARBD bR B, T,

A
. 100pm

¢) 1220 gm (2,=16h)

Photo. 3. Microstructures showing intergranular fracture in the specimens ruptured at 1000°C
under the applied stress of 4.0 kgf/ mm?. Tensile axis is vertical.
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Fig. 10. Changes in frequency of cracks with the
angle between tensile direction and grain bound-
ary cracked, for the specimens, having various
grain sizes, ruptured under the stress of 4.0
kgf/ mm?2 at 1000°C.

KR CIg Bt J84 LT3 BRI FikEni i b
R, —H, MRHTCRERORET AR FCEFE LA
i isus.

% &THIER 3 REhe oL CEh A RE Lc ROk
IRt A BE(0) L ORERE (f) & OB GHY
Xk, Fig. 10 wiR4.1220 pm MR O MHREC

BEEEF A LTEE LR A TERP S REL T
HOE KL, Ly EWHER (230 pm) RO fik (37
pm) DR CIRLEBERTEHLARELLTV 2 &b
2B, Zhit 17Cr-14Ni gRTORRD LR TH D,
Z DI ki Hastelloy X TSR ALT S &,
HOBFEODNR=ZERMTRERICHEFLE LTV &
Ezbhb.

¥, Fig. 4 TRLA X 5, 1220 pm o MEF L
f5 3.5 kgl/mm? Ti2i3iF Ly ikt 230 pm DK
ERUERZY -7 EEY RTH, JBH? 4.5kgl/
mm? LEfeb E REela RS, Fig. 6 THLM
ok, BH2Z Y — FHEEDGIIE » Ei 600 gm L)
TFTORE TS THBDIEH L, 1220 pm OFELTIX
TRV EE 2B, oz ik, 7 3.5 kgf/mm? )
ETCRIENDHTH BN TEE 2 ) — TEREFELL
BT 5B RTD. ChboBEENDL, HRMT
BB CRA=E S ECOEPIEANEKRL, =
NHER 7V -~ T HREYPRIHRERERTHL L
Ez bbb,

= DERTEMD ST, 1220 pm D 1000°C
Tz ) — FHEEHE oW, X RA=SHLA FH
U CHEHE RO EAEBIC X 5 HBEEEY TV, Thi

ata e

c), d) 3.5kgfi/mm?

Photo. 4. Microstructures of the specimens with the grain size of 1220 ym after creep rupture
test under the stress of 4.5 and 3.5 kgf/ mm? at 1000°C. a), c), and d) : optical microscopy,

b) : SEM
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Photo. 4 {=7%3. Photo. 4(a )35 4.5kgf/mmz ¢
OWWEESBONXEMAKZ TH Y, NATEE LM < i
N, i) EMCER L, ledge 2ERDOHRD. F
72, (D) XFEBEH D SEMEThHD, 2~3pm DL
BIREI->TR 2 5 RA R DI1zHc, 17Cr-14Ni 87
L FRE, RAMHECRER 10~20 pm OFRE BRI
Hbhs, L, A 3.5kgf/mm? KL kB
&, ()R (d) OXBEHB LHBM S X 51, FIR
DIH R ledge DFFIT IZEA L BH bR, &
to, (d) X D RRTOENRRIEHT X b T OERFEIM
HlEhTHBZ Ebbmnd, 20X 5 Hastelloy X ¢
e ce, 17Ce-14N1 g9 BUL T, EriF
SEATHEHEMNY BDHR, Zi ledge LI H
5. UL, 17Cr-14Ni L 13 8ich, R AT HEAED
HLEL, ThrRRATCOEREANH L TC=EEATOILT
a5 7, Hastelloy X Cofbflicisit s 7
) — 7B OBA OERE, FrfELE Uiy 17Cr-14
Ni $fb~/hE W EFx bhs.,
DEDER-S, MEREER 7 V) — FEENRRT
L0, MNRSELAL LS TORNEPIEML, B
B RO ledge 72 EAE LT, ChAVAHER AR
THIKAM L FREOMELY b b Lickd EfEmdhs,

4. £

AR TIFERRRY 37~1220 pm OJREEEIICH
FooC F#HE L4 Hastelloy X oW 950~1050°C
TO 7Y -7, EREE 2 V) — TEEORSRERK
FHERTTOREREZEREL, bk, KREEHMD
17Cr-14Ni SHTORRE LR LITEEO FEC L HE
W2V — FEEOR BB ERFEOHEERCOWLT R
sxmz, UTofmiEic.

1) Hastelloy X @ 7 V) — 7" JEBIERFENE &5 dnfr s
100~200 pm DOFFHTHER L 720, Zh X b fIRIfIKR D
HEMO TR s\WTh 7 Y — IR 52 < i
5.

2) EH7V-FEEVPRDEILDFESLNE Ly OFF
FETHZERRE IR, 2D Ly 3 100~200 pm o
HWHEEHD, Ly IO THSTH, FlHNTHD
THEH 7V — THEIERT 5.

3) RRREIPDEL I D EBEBIEINIEA L, A
JENDRE—DOFETHHEEINIENT 5. EaaREn
INEL T B EERMALOBIEA L, T IXEZIEH O
ERIEL TS,

4) MKPITORER 2 Y — FEEOHINIEFRE D
WnTIKBETES. thi3) OHEREYHHET,

-t

FROBAKEES TH 27V — FEEORIME, FOXKE
SRBHIGTIOFESTHAIhZ Z LrBHLMT L.

5) 17Cr-14Ni #ofEE » HX, Hastelloy X i3
NETOERE 7 ) — 7 REHEMOEENLZE L. Zhik
FLR IR D HEINAE 5 BRI T OB T DA X
ZH0EEZLRD.

6) Hastelloy X OEF 7 Y — FREOILIIEE » (&
AR RS K9 600 pm LITF TR BIES THBA,
600 pm LA E MR CI% 2 EIXA X < Fh, 1220 gm
DRAB T 7 mamEE 7 B,

7) WEIHM RS bhsERE, BRI CIEIERS
M LCERECAEVNR TS LD bhicd, ffeT
45° FRAITHENOHEILE L /5.

8) LRI O E IS DM RN IR TR 851 ledge B
UERSRRNED bht.

9) 3),6),7), 8) OEE»L, HEAICIINA=HE
Bl ETORPIMICIGIEFC X ) BB RD ledge
MEL, ThbhfiRMERBeREROTIEEY L
LT, BEZ) - 7THEYENILLDR2 20
Eizibhs,

10) #rH#E% 4 Crgvy 17Cr-14Ni §fiz feX, Has-
telloy XCOMBAICRTAER 7 V — T EEWEINOE
B/ &\, Z it Hastelloy X 084, RANH4Y
PRFRTOEREME LT, MRA=BETORNEFY
INEL T BB EEL RS,

Bbow, REBRCHNINI-VIE RSB TEMEE
B =y 27 #) HF BRCEIBHLET
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